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ABSTRACT

Background: Multiple sclerosis (MS) is the largest cause of non-traumatic neurological disability
in young adults. Canada has one of the highest rates of MS in the world, with nearly 1 in every
385 Canadians living with the disease. People with MS deal with a broad range of symptoms
including fatigue, pain, depression, cognitive impairment, imbalance, and walking disabilities.
They, therefore, are less physically active and more sedentary than healthy peers. The physical
activity guidelines specific to people with MS emphasize activities of moderate-intensity, however
achieving moderate-intensity physical activity targets may be challenging for many individuals
with MS due to associated symptoms. There is also growing evidence that prolonged sitting
(sedentary behaviour) has harmful effects on health, regardless of physical activity levels in non-
disabled populations. Thus, a new approach focusing on whole day activity behaviour (i.e.,
sedentary behaviour and light-intensity activities) may be more feasible, sustainable and beneficial

to manage MS-related symptoms and function.

Objectives: To test the feasibility and preliminary efficacy of a new physical activity behaviour
change intervention on reducing sedentary behaviour, and improving symptoms, quality of life,
and physical performance in ambulatory adults with MS. The activity measurement tools used in
the intervention have been validated with non-MS populations. To confirm the validity of the tools

used, with our sample, two related validity studies were conducted.

Methods: A single-group repeated measure activity behaviour change intervention with the length
of 15 weeks in addition to a 7-week follow-up period was designed. The intervention was internet-

based and included two stages — ‘Sit-Less’ stage that focused on interrupting prolonged sitting and
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‘Move-More’ stage that was focusing on increasing steps, improving daily activity levels and
reducing overall sitting time. Forty-one persons with MS who were able to walk with or without
assistive devices for at least 10 meters were included in the study. Participants attended 3
measurement sessions including pre-intervention (baseline), post-intervention (Week 15) and
follow-up (Week 22). At each of these 3 data collection times, participants’ activity behaviour and
MS-related symptoms, quality of life and physical performance were assessed. They were set up
with an ActivPAL3™ to wear for 7 days at each time point. Participants also wore a Fitbit One
activity tracker as a motivational and self-monitoring tool for the 15-week intervention period. A
laboratory-setting concurrent criterion validity study and a free-living convergent validity study
were conducted to evaluate the validity of the 2 activity monitors (ActivePAL3™ and Fitbit One)
used in the intervention in people with MS. An unstructured linear mixed-effects model was used
to determine change in all outcomes over time. Validity of the ActivPAL3™ and the Fitbit One
was tested in several ways including Intraclass correlation coefficients, mean absolute percentage

error, and Bland-Altman plots.

Results: There were significant reductions in total sedentary time (d=0.34) and the number of long
(> 30 minutes) bouts of sedentary time (d=0.39) as measured by the ActivPAL3™ post-
intervention. All symptoms and physical performance outcomes improved significantly after the
intervention except cognition (P < 0.05). Those changes were maintained during the 7-week
follow-up, except for sedentary behaviour and sleep quality. The ActivPAL3™ demonstrated
validity evidence as a measurement tool for sedentary behaviour (sitting time), standing time and
steps (ICC: 0.98). The Fitbit one demonstrated validity evidence (ICC: 0.88) for measurement of

steps. There was good agreement between steps recorded by Fitbit One and ActivPAL3™ (ICC:
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0.86). On average, the Fitbit One was worn for 85 days (i.e., 85% of the full intervention period)
showing that participants were willing to monitor their activity behaviour over a long period and
indicated the feasibility of wearing the Fitbit activity tracker in interventions that focus on

sedentary behaviour and/or physical activity in the MS population.

Conclusion: This research provides preliminary support for the efficacy of a whole day physical
activity behaviour change intervention focused on reducing sitting and increasing light intensity

activity for improving outcomes in adults with MS.
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CHAPTER 1. Introduction and Literature Review

The introduction and literature review chapter is presented in sections focused on topics
related to multiple sclerosis (MS), activity behaviour of persons with MS and its association with
health outcomes, and methods for measurement of activity behaviour and their psychometric

properties. The information in this chapter provides rationale for the research questions.

1.1 Multiple sclerosis

Multiple sclerosis is a chronic autoimmune inflammatory disease of the central nervous
system (CNS), characterized by intermittent and recurrent episodes of inflammation that result in
demyelination and consequent damage of the axons in the brain, optic nerve, and spinal cord.!
The exact etiology and particular mechanisms of the MS disease are not known.> However, current
knowledge suggests that MS comprises an autoimmune process in which the immune system
attacks itself against the myelin sheath (i.e., the protective layer surrounding the neural cells) of
the CNS axons.* Existence of the myelin sheath is essential to carry the electrical signals through
a neuron and among neural cells.” When the myelin is damaged, it is replaced by hardened scar
tissue and the electrical impulses are not conveyed efficiently.’ The slow or altered conduction of
electrical signals has a disrupting influence on almost every physical, sensory, mental, and
emotional activity.’ Early in the disease process, remyelination may take place to repair the
damaged myelin sheath but as the disease progresses and the myelin sheath damage increases,

there is a significant reduction in the remyelination process.®



1.1.1 Epidemiology

MS is the largest cause of non-traumatic neurological disability in young adults.” Statistics
indicate that 2.5 million individuals live with MS worldwide.® The median prevalence of MS is 33
per 100,000 individuals globally with immense variance among different countries.” Canada has
one of the highest prevalence of MS in the world (260 per 100,000 individuals),
with approximately 77,000 Canadians (1 in every 385 Canadians) living with the disease.'!® On

average, 11 Canadians are diagnosed with MS every day.!°

Women are 3 times more likely than men to develop MS.!? The disease can occur at any
age; however, initial symptoms usually emerge during early adulthood, typically between the
ages of 20 and 49.'° The chronic progressive nature of the disease can lead to significant life
changes.!! The reported average survival following an MS diagnosis is 38 years.!! With the use of
disease-modifying therapies, lifespan has substantially increased over the past few decades among
individuals with MS.!? Indeed, approximately 90% of adults with MS live to 70 years of age or

older.'?

1.1.2 Etiology

Although the exact cause of MS is unknown, genetic and environmental factors both appear
to impact an individual’s susceptibility to developing the disease.!* MS is not considered a genetic
disorder, however, there are many genetic factors that appear to play a role to increase the risk of
developing the disease. Research shows that 15-20% of persons with MS have a family history of
MS. ! The risk of developing MS in the general population is about 0.1% while the risk for a child

with one parent who has MS is almost 2%.'> For identical twins, studies show that if one twin has
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MS, the risk of developing MS in the other is 30%.'® These findings support the role of genetics

in developing MS since relatives of the affected individuals are more likely to develop MS.

Evidence indicates that MS prevalence is strongly correlated with latitudinal gradient (i.e.,
farther north, greater prevalence). Latitude is significantly linked to ultraviolet light exposure,
which is the main stimulant of cutaneous vitamin D production.!”!® As expected, the prevalence
of MS is greater in more northern countries such as Canada, United States, Norway, Denmark,
Sweden and Finland'® presumably due to the lower ultraviolet radiation and low sun exposure.'*%°
Moving from one geographical region to another also appears to affect the risk of developing MS.?!
Migration studies demonstrate that immigrants tend to obtain the risk level of the region to which
they move, nevertheless, the risk is mediated by the age at the time of moving.?! People who move
in early childhood have the same risk level as the native population, however, for persons who
move later in life this change in risk level may not appear until the next generation.?! For example,

if an individual moves to Canada from a Middle Eastern country before puberty, they will adapt

the risk level of Canada for developing MS the same as a native Canadian.

In addition, higher levels of vitamin D probably have a protective role in susceptible
patients?® as lower rate of MS relapse has been reported in patients with higher serum levels of
vitamin D.!”?° These findings provide support for the theory that early exposure to an

environmental factor in genetically susceptible individuals affects the risk of developing MS.



1.1.3 Clinical course in MS

Prior to receiving a diagnosis of MS, individuals may experience Clinically Isolated
Syndrome (CIS), defined as one acute or subacute neurological episode that lasts at least 24 hours,
with or without recovery, and in the absence of fever or infection.?? CIS is caused by inflammation
or demyelination of the neural cells in CNS and can be either monofocal or multifocal.?? In a
monofocal episode, a single neurologic sign or symptom such as optic neuritis develops which is
caused by a single lesion. In a multifocal episode, more than one sign or symptom such as optic
neuritis and tingling in the legs is experienced by the individual which are caused by lesions in
more than one place.?? Therefore, CIS can be a single symptom or combination of a few symptoms
depending on the location of the lesion(s) but it is only one clinical episode.?? The conversion rate
of CIS to clinically definite MS which is characterised by 1 of the 3 courses (relapsing-remitting
MS (RRMS), secondary progressive MS (SPMS), and primary progressive MS (PPMS) is 48.1%

at 10 years.”

At diagnosis, eighty-five percent of individuals with MS have relapsing-remitting MS.>*2>
A relapse is described as new or recurrent neurologic symptoms which are not associated with
fever or infection lasting for at least 24 hours and accompanied by new neurologic signs confirmed
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by the neurologist.”” Relapses may last for weeks to months and be followed by relative or

complete remission for months to years without disease activity.”** The longer the duration of the

disease, it is more probable the relapses leave sequela during the remission phase. !>

Approximately 80% of individuals with RRMS transition into SPMS in 20 years*”-?® which

is described as progressive neurologic deterioration in the course of the disease between relapses



without any definite duration of remission.?®* Sometimes minor remissions can take place while

the occasional relapses exit.?*

Ten to 15% of individuals with MS are diagnosed with PPMS.?> There is no remission
after the first relapse and the progression of neurologic deficits from the beginning is the main
characteristic of PPMS.?**° However, very minimal and occasional remissions may occur.?**° The
common age for onset of the PPMS is older than RRMS and is more similar to SPMS (i.e., 40
years or older)*°. In the relapsing-remitting and secondary progressive forms, women are usually
affected two to three times more than men while in PPMS, the numbers of women and men are

almost equal.**

Awareness of the clinical course of MS provides the opportunity to predict the prognosis

and the future course of the disease. It also guides treatment decisions.

1.1.4 Clinical features of MS

Axonal demyelination, transection and loss of the neural cells in the brain and spinal cord
over time result in the clinical manifestations of MS.! The symptoms experienced by individuals
with MS vary significantly depending on the location and size of the CNS lesions.!**! For instance,
lesions in the frontal and parietal lobes of the brain usually lead to cognitive and emotional
impairments, while lesions in the cerebrum, brain stem, and spinal cord result in impairment of the
physical function of the extremities.?> Despite great variability in symptom presentation among
individuals with MS, some symptoms are considered hallmark symptoms and are seen more
frequently.>>* The most common symptoms independent of the clinical course of the disease are

fatigue, with a prevalence of 58%, spasticity (47.5%), voiding disorders (44%), ataxia/tremor



(36%), pain (34%), cognitive impairments (33%), and depression (32.5%).>* Fatigue is the most
frequently reported symptom in individuals with RRMS (58%) while spasticity is the most

prevalent symptom in persons with SPMS (82%) and PPMS (74%).*

The neurodegenerative and progressive nature of MS leads to the accumulation of
impairments and dysfunctions in a majority of patients with MS.3* Based on previous studies, 40%
to 50% of persons with MS require walking assistance after 15 years of disease onset due to
mobility impairments.?®3> The great range of impairments result in lower health-related quality of
life not only than healthy individuals, *® but also when compared with patients of other chronic
autoimmune and non-autoimmune disorders.’” The impairments and disabilities also limit daily

functioning and participation in physical activities.>®*!

1.2 Physical activity

Physical activity is defined as body movements produced by skeletal muscle contractions
resulting in an increase in energy expenditure of > 1.5 metabolic equivalents (METs).** One MET
is the oxygen consumed during rest and is equal to 3.5 ml Oz per kilogram body weight per minute

).# Physical activity is categorized according to the energy expenditure during the

(ml/kg/min
activity including light-intensity (1.6-2.9 METs), moderate-intensity (3-5.9 METs) and vigorous-
intensity (> 6 METs).***> Physical activity can be also subdivided into exercise activities (the
regular and structured performance of moderate-to-vigorous intensity physical activity) and non-

exercise activities (I.e. light-intensity activities include activities of daily living such as fidgeting,

or slow walking).*?



The 2020 World Health Organization Guidelines for Physical Activity recommend that
healthy adults participate in at least 150 to 300 minutes of moderate-intensity aerobic physical
activity, or 75 to 150 minutes of vigorous-intensity aerobic physical activity per week, or an
equivalent combination of moderate-and-vigorous intensity aerobic activity.*® Adults should also
perform muscle-strengthening activities of at least moderate-intensity two or more days per week
to gain optimal health benefits.*® These guidelines have been recognized as applicable in patients

with disability and chronic diseases, including patients with MS.*¢

1.2.1 Physical activity in adults with multiple sclerosis

Virtually every individual can benefit from regular physical activity participation as it leads
to the decreases in the risk of more than 25 chronic health conditions such as overweight and
obesity, depression, cancers, hypertension, hyperlipidemia, type 2 diabetes, cardiovascular
diseases, and premature mortality.*’ In addition to these benefits, physical activity is associated
with reduction in rates of MS relapses and worsening of MS symptoms and slowed disability
progression over time.*>! Physical activity, therefore, has been suggested as a symptomatic and
disease-modifying treatment at the early stages of the disease.’? Despite the evidence, physical
activity levels are significantly reduced in persons with MS.*>3 The symptoms of MS such as
fatigue, pain or depression in addition to disability accumulation represent the primary explanation
for low levels of physical activity in the MS population.>* These manifestations make it difficult
for patients with MS to achieve or maintain the recommended amount of moderate-to-vigorous

intensity physical activity.>>>’

Motl et al.,”® used a self-report measure of physical activity and reported that patients with

MS are 2.5 times more likely to report insufficient physical activity (defined by the score of less
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than 14 from the Godin-Shephard Leisure-Time Physical Activity Questionnaire®”) and 2.3 times
less likely to report sufficient physical activity levels for health benefits compared with the healthy
control group. They found that approximately 60% of individuals with MS are insufficiently active
compared to 23% of healthy controls.>® Another study by Klaren and colleagues with the use of
an activity monitor for measurement of physical activity levels reported a significant difference in
the rate of meeting physical activity health guidelines among the MS population and the healthy
controls.®’ Only 20% of the patients with MS met the physical activity guidelines while the rate of
meeting guidelines was 47% in the healthy controls.® Partly as a result of the low levels of reported
physical activity in those with MS, a set of physical activity recommendations specific to
individuals with MS has been developed.®! According to the Canadian physical activity guidelines
for special populations, adults with MS should engage in a minimum of 30 minutes of moderate-
intensity aerobic activity twice a week and resistance training activities including all major muscle

groups 2 days per week to gain optimal health benefits.®!

There is a strong association between levels of physical activity and level of disability in
people with MS.%? Individuals with more severe mobility impairment engage in less physical

activity and are less likely to meet physical activity guideline’ recommendations. %64

Moreover, the manifestations of MS® in addition to mobility disabling consequences® and
concurrent comorbidities such as hypertension, hypercholesterolemia, coronary heart disease, and
obesity, which are prevalent and troublesome in patients with MS,% may predispose sedentary

behaviour in the MS population.



1.3 Sedentary behaviour in adults with multiple sclerosis

Sedentary behaviour refers to any waking activity characterized by an energy expenditure
of < 1.5 METs in a sitting or reclining posture.®” Sedentary behaviour is usually described as a
total daily volume (e.g., min/day of sitting), but it can be additionally expressed based on its pattern
and distribution (i.e., number of sedentary breaks per day, number of daily prolonged sedentary
bouts and average duration of daily sedentary bouts).®® A break in sedentary behaviour is defined
as a point in time where there is a change from a sedentary behaviour to a non-sedentary
behaviour.®® A sedentary bout is a minimum uninterrupted period of sitting, reclining or lying.®

Furthermore, a prolonged sedentary bout is a sedentary bout with a duration > 30 minutes.®®

People with MS spend a large amount of time in sedentary behaviour.5>%%%° A study by
Sasaki et al. which assessed the self-reported daily sitting time illustrated that North American
adults with MS reported twice as much time sitting (8 hours/day) as the general population of
North Americans (4 hours/day).”® The results showed that participants with moderate or severe
disability but ambulatory, or severe disability but non-ambulatory were 1.57, 2.62, and 8.70 times
more likely, respectively, to sit excessively (above the 75th percentile of sitting time) than those

with mild disability.”

Ezeugwu and colleagues assessed objectively-derived patterns of sedentary and physical
activity behaviours in people with MS.® Patients without mobility disability (Patient Determined
Disease Steps score < 3) spent 60% of their daily waking hours (8.4 hours) sedentary while those
with mobility disability spent 65% of waking time (8.9 hours) sedentary.®® They found that higher
levels of disability are associated with greater sedentary time and a greater average number of

)_68

prolonged sedentary bouts (> 30 minutes).”® Their findings were consistent with a study by
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Hubbard et al., that included an objective measurement of sedentary behaviour and found a
significant correlation between the disability status and sedentary time in patients with MS.”! The

68,71

results of these 2 studies with use of devices for measurement of sedentary behaviour were in

agreement with the findings of Sasaki et al.”®

1.3.1 Sedentary behaviour and health outcomes

In general, there is a consistent link between high levels of sedentary behaviour and
increased morbidity and mortality in epidemiological studies.”””” A strong association between
high levels of sedentary time with larger waist circumference, greater probability of overweight or
obesity, higher triglycerides and lower HDL-cholesterol levels, higher amount of C-reactive
protein, fasting plasma glucose and insulin resistance have also been found.”>’* Decrease in
protective factors such as HDL-cholesterol and increase in the cardiometabolic risk factors (e.g.,
triglyceride and fasting plasma glucose) leads to higher prevalence of hypertension,
hyperlipidaemia, type 2 diabetes, cardiovascular diseases, cancers and cardiovascular mortality in

75,79 and

sedentary individuals.””~’® These associations are independent of physical activity levels
sedentary behaviour is considered an additional and separate detrimental factor to the negative

effects of low levels of physical activity on health.*

In addition to the negative effects of sedentary behaviour on cardiometabolic health,’881:2
a recent systematic review®! supporting the new Canadian 24-hour movement guidelines®?
demonstrates an association between high levels of sedentary time with cognitive function, fatigue,
disability, depression, physical activity levels and physical health-related quality of life in healthy
adults. Fatigue, depression and cognitive impairments are amongst the most common symptoms

of MS*? and, based on the results of the systematic review,! large amounts of sedentary time in
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people with MS worsens those symptoms over time in addition to all other negative health
consequences.®®718485 There is also some evidence regarding the detrimental effects of sedentary
behaviour on health outcomes among persons with MS such as increase in blood pressure.
Moreover, sedentary behaviour is negatively associated with disability status,’®7!% function,®
walking endurance and walking speed’! in the MS population. However, there is a lack of research
on the consequences of high sedentary time on the risk of cardiovascular disease, cancer, diabetes

and mortality in the MS population.®’

Despite the significant impact of the total amount of daily sedentary time on health, the
pattern of accumulation of sedentary behaviour throughout the day is also important.”>% Evidence
indicates that fewer breaks in daily sedentary time, longer durations of uninterrupted sedentary
bouts and more long sitting bouts (> 30 min) are negatively associated with several
cardiometabolic biomarkers including body mass index, waist circumference, HDL cholesterol,
triglycerides, blood pressure, 2-hour postprandial glucose and fasting plasma glucose in adults.®*~
1 Nevertheless, it is unknown whether the rates or patterns of sedentary behaviour predict the
physical or mental health outcomes and/or quality of life in the MS population. Putting all together,
a new approach focusing on reduction of sedentary time and promoting activity level in individuals

with MS is needed.

1.3.2 Light-intensity physical activity and its association with sedentary

behaviour

The results of the National Health and Nutrition Examination Survey showed that adults
spent an average of 7.7 hours daily in sedentary behaviour, 7.8 hours in light-intensity physical

activities, 0.2 hours in moderate-to-vigorous intensity physical activities and 8.3 hours in sleep.’?
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Moderate-to-vigorous intensity physical activities make up a very small portion of an individual’s

waking hours (3-6%)” and thus focus has broadened to light-intensity physical activities.

Sleep Sedentary Behaviour  Light Activity Moderate Activity Vigorous Activity
(£1.5 METs) (1.6-2.9METs)  (3-5.9METs) (= 6.0 METs)

Figure 1-1: Activity Continuum

Figure adapted from Canadian 24-Hour Movement Guidelines: Glossary of Terms at

https://csep.ca/CMFiles/Guidelines/24hrGlines/24HourGuidelinesGlossary 2017.pdf

METSs: Metabolic equivalent.

Light-intensity activities (non-exercise physical activity) include activities such as
standing, slow walking, washing dishes, and other routine domestic or occupational tasks.”*
Evidence indicates that when sedentary time is reduced, it is typically replaced by light-intensity
physical activity and not moderate-to-vigorous physical activity.”> These non-exercise physical
activities (light intensity activities), constitute a large portion (30%-40%) of an individual’s daily
activities’ and are the main determining factor of variability in total daily energy expenditure.”®

A recent systematic review which included 72 studies showed that higher levels of light-
intensity physical activity were associated with adults’ cardiometabolic health and decrease
mortality risk in non-disabled populations.”” Dunstan et al. reported that breaking up periods of
prolonged sitting with 2-min bouts of light-intensity activity each 20-minutes led to a 24%
reduction in postprandial glucose and a 23% decrease in insulin resistance in comparison with

uninterrupted sitting in obese and overweight individuals.’® Another study by Healy and colleagues
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illustrated that increased breaks in sedentary time lasting at least 1 minute, led to a significant
decrease in the levels of triglycerides and 2-hour plasma glucose, BMI, and waist circumference
independent of total sedentary time.?” These studies provide a better understanding of how adults’
metabolic health is related to the pattern of accumulation of physical activity behaviour throughout
the day.”®*'% Since the evidence suggests that interrupting sedentary time with light-intensity
activities such as walking with even a relatively short duration (e.g. 1 minute) is associated with

benefits to metabolic health, activity guidelines advise to regularly break up sedentary time.”*?%101-

103

It is therefore important to consider all activity behaviours across the energy expenditure
spectrum (Figure 1-1), and not only focus on the least frequently performed activity behaviour
(moderate-to-vigorous intensity physical activity) in spite of the greatest health benefits through
moderate-to-vigorous intensity physical activity.!® Based on previous research, sedentary
behaviour and light-intensity physical activity play an important role in maintaining health since
they make up 93-96 % of the total daily activity behaviours during waking hours.

Sedentary behaviour is considered a health-behaviour target on the non-exercise end of
the activity continuum for promoting activity level since it comprises a large volume of an
individual’s daily waking hours.!®> Consequently, reducing time spent in sedentary behaviour and
increasing light-intensity physical activity might be a more feasible and accessible behavioural
change approach to promote physical activity in patients with disability such as persons with MS.
It is probably more feasible to interrupt sedentary time with short breaks of light-intensity activity
such as standing or slow walking across various settings, including home or workplace. Strategies
to break up sitting include getting up during television advertisements or taking short breaks during

prolonged periods of sitting at work.”® Frequent breaks in the sitting time with activities as minimal
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as standing lead to significant increases in total daily energy expenditure and battle fat gain.!%!97

However, to date, no research has explored an approach that mainly incorporates decreasing
prolonged sitting, (i.e., breaking up sitting) and increasing light intensity activities (i.e., frequently

standing or walking) in the MS population.®’

1.3.3 Interventions to reduce sedentary behaviour in non-disabled

individuals

Older adults are one of the main groups with the greatest amount of time spent on sedentary

108-110

behaviour and therefore, are more predisposed to negative impacts of prolonged sitting on

their health.

One of the first sedentary behaviour interventions was conducted by Gardiner et al.'!! who
examined the feasibility of an acute 1-week intervention to reduce overall sedentary time in older
adults. The effect of the intervention on total daily sedentary time, light-intensity and moderate-
to-vigorous-intensity physical activities were evaluated using ActiGraph.'!! The main intervention
message was to stand up and move after 30 minutes of uninterrupted sitting.!'! There was a
significant reduction (- 3.2%) in total daily sedentary time and a significant increase in the number
of breaks in sedentary time (4 more breaks per day) and the time spent on light-intensity (2.2%)
and moderate-to-vigorous intensity physical activities (4.6%) at post-intervention.!'! The results
supported the feasibility, safety, and positive effects of an intervention mainly targeting reduction
in sedentary behaviour and this work provided the foundation for subsequent sedentary behaviour

interventions with longer duration and more complex research designs.
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A recent systematic review assessed the feasibility, safety and effectiveness of the
interventions focusing on reducing sedentary behaviour in non-working older adults.!'? A total of
6 studies were included, 3 of which incorporated control groups, whereas the other three were
repeated-measures pre-post designs.!'? There was no follow-up in the included studies indicating
lack of evidence regarding the sustainability of the intervention effect. Three of the included
studies used self-report measure of sedentary behavior and the other three studies used
accelerometers for measurement of sedentary time. The intervention duration varied from 2 to 8
weeks with a mean of 5.5 weeks.!!? The results demonstrated that those interventions were feasible
and safe and had the potential to decrease sitting time.!'? They found between 3.2 % to 5.3%
reduction (up to 53.9 minutes reduction per day) in objectively measured daily sedentary time
following the intervention.!'? A recent review also evaluated 15 sedentary behaviour intervention
studies in adults.!'> Most interventions (n = 12) were implemented in the workplace, two in the
neighbourhood environment and one in an education institution setting.'!® Nine out of 15 studies
included a randomised control trial design.!'®> Two studies used self-report, nine studies used
objective measures, and four used a combination of objective and self-report measures of sedentary
behaviour.!'® The results showed a significant reduction in total daily sedentary behaviour,
including total sitting time, work sitting time and leisure sitting time in more than 50% of the
included studies (n = 9) in adults.!'* On average, there was an 8 to 122 minutes per day reduction

in total sedentary behaviour across studies.!!?

In relation to the effects of sedentary behaviour on cardiometabolic health, a systematic
review by Saunders et al. which included 25 intervention studies, assessed the effect of long sitting
bouts on cardiometabolic risk in healthy adults.!® They found that uninterrupted sedentary

behaviour led to moderate and detrimental changes in insulin sensitivity, glucose tolerance, and
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plasma triglyceride levels and increases in metabolic risk.'%’ Another recent systematic review and
meta-analysis evaluated the effects of interventions targeting reductions in sedentary behaviour
only or combined with increases in physical activity on cardiometabolic biomarkers in adults and
the elderly.''* Small significant beneficial effects on weight, waist circumference, percentage body

fat, systolic blood pressure, insulin, and high-density lipoprotein cholesterol were reported.''*

All the above studies demonstrate the feasibility and effectiveness of interventions with a
primary focus on reducing sedentary behaviour on increasing daily activity levels and improving

health outcomes.

1.3.4 Interventions to measure and reduce sedentary behaviour in MS

population

To date, only one sedentary behaviour intervention study specific to patients with MS with
mild to moderate disability has been conducted.!!® Klaren et al. designed a 6-month internet-based
behavioural change intervention including startegies according to social cognitive theory
constructs for behaviour change and assessed sedentary behaviour by a self-reported questionnaire
before and after the intervention. No follow-up measurement was done to determine whether the
results are sustainable over time.!'* Participants who received the intervention showed a significant
reduction in total daily sitting time'!® which is promising. However, although sedentary behaviour
was the main outcome of the study'!’, the use of a self-report measure of sedentary time which is

116,117 and

limited by issues such as memory recall, social desirability and underestimation,
differences between the intervention and the control groups in reported sedentary time at baseline

limited the conclusions drawn from the study.!''®
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Education (i.e., providing information regarding the beneficial and/or detrimental effect of
a behaviour on health), behavioural change strategies using social cognitive theory and exercise
prescription are the most common methods used in the design of interventions with focus on
promoting physical activity levels in people with MS.!!8-120 In addition, social cognitive theory is
the most frequently used behavioural change strategy for understanding, modifying, and promoting

physical activity behaviour in person with MS'?

which might be the reason for use of this theory
in the design of the first sedentary behaviour intervention in people with MS.!'> Social cognitive
theory consists of four main constructs including self-efficacy, outcome expectations, goal setting,
and perceived barriers and facilitators.!?! Self-efficacy refers to the level of an individual’s
confidence in their ability to successfully perform or change a behavior.!?! Outcome expectations
refers to the expected costs and benefits and predicted consequences of an individual’s behavior
and may or may not be health-related.'?! Goal setting refers to setting realistic, measurable and
achievable goals to ensure success from beginning.'?! Understanding, perceived barriers and

facilitators, and how to overcome or utilize them to change behaviour is the final part of social

cognitive theory. %!

Social cognitive theory constructs have been studied in young, middle-aged and older
adults with MS, 227126 and significant associations between those constructs and physical activity
behaviour were observed. Furthermore, a recent study by Motl et al. showed that both self-reported
and device-measured sedentary behaviour is correlated with self-efficacy, goal setting, planning
and perceived barriers for reducing sedentary behavior.'?” All those constructs except goal setting
independently explained 33 % of variance in self-reported sedentary behaviour'?’ while only self-

efficacy independently explained 10% of variance in device-measured sedentary behavior.'?’
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Therefore, social cognitive theory constructs might be reasonable and modifiable targets for

decreasing sedentary behavior in people with MS following activity behavior interventions.

Another recent study'?®

examined the feasibility and initial efficacy of a 3-month behaviour
change intervention on activity behaviour outcomes and levels of fatigue and pain in adults with
MS. The intervention was comprised of a handbook and four one-on-one face-to-face physical
activity sessions with participants, along with the usual care services.!?’ The handbook included
effective methods for prompting physical activity levels that were draw from several behaviour
change theories and did not focus on a particular behaviour change theory.'” They used the
ActivPAL for the measurement of sedentary behaviour.'?® Despite the objective measurement of
sedentary behaviour, the intervention primarily focused on increasing physical activity levels and
largely did not focus on reducing sedentary behaviour. '?° There was a decrease in sedentary time
in both groups post-intervention, but no significant difference in the total daily sedentary time was

found between groups.'?® Moreover, fatigue and pain were the only MS symptoms that were tested

before and after the intervention.'?®

To date, no research has focused on the design and evaluation of an intervention that
primarily targets reduction of daily sedentary time and increasing light intensity activities during
the day in the MS population. There is also no research on the effectiveness of a sedentary
behaviour intervention on activity behaviour change, and on several common MS symptoms such
as fatigue, depression, anxiety, and cognitive impairment in persons with MS. Therefore, a new
activity behaviour change intervention with the main focus on reducing sedentary time and
evaluation of the changes in sedentary and activity behaviours, MS symptoms and physical

function is required. However, accurate measurement of sedentary behaviour and physical activity
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is essential to identify current activity levels and to allow assessment of the effectiveness of activity

interventions.

1.4 Measurement of physical activity behaviour

A first step to changing a behaviour is to understand that behaviour. In order to understand
an activity behaviour, it has to be measured accurately; self-report and/or observation. Self-report
assessment relies on the individuals’ ability to recall the activities that they were engaged in during
the last few days, few weeks or even a few months.!%!3! Questionnaires, surveys, diaries and
logbooks are self-reported tools that can be used to measure physical activity and sedentary
behaviour.!'13% Questionnaires are the most frequently used example of the self-report
assessment.!*?They contain a number of selected items with the intention to standardize the
collection of specific information about facts or opinions of an individual.'** For example,
sedentary behaviour consists of various activities in different domains.!** By self-report
measurement of sedentary time, categorization into particular behaviours such as TV viewing time
or specific domains including work, domestic or transportation is feasible.!** Furthermore, self-
report assessment is suitable for measuring the activity levels of a large sample size as it is
inexpensive and easy to use. Nevertheless, it may be influenced by overestimation and difficulties

with memory recall.!1¢!!7

On the other hand, objective measurement (observational measurement) relies on
information generated through direct observation or from activity monitors.'3>!3¢ Although self-
report assessment provides researchers useful information, observed measurement appears more
accurate.’®! Accelerometry and pedometry are the most commonly used measurement tools,

yielding outcomes such as activity counts, sitting time and steps taken. 3140 Accelerometers are
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typically consumer-grade such as Fitbi or research-grade such as ActivPAL
Research-grade accelerometers are generally more expensive, more accurate, and not utilised by
the public.!**!** However, consumer-grade accelerometers are increasingly used by people

because of their accessibility and lower price.'#!-14?

When researchers decide to measure sedentary behaviour, they have to consider the
measurement method with the ability to assess the frequency, duration, and volume of the exposure

131 and

with minimal bias.!*? Objective measurement of sedentary behaviour is more accurate
provides information regarding the overall sedentary time, the number of interruptions in sedentary

time known as breaks and the number of sedentary bouts across a day.!'**

1.4.1 Objective measurement of activity behaviour

Accelerometry is the most frequently used objective measurement tool.!3>13
Accelerometers are motion sensors that detect and measure the accelerations of body
movements.'> They have the ability to estimate the duration and intensity of movements.

Movement counts are the summation of accelerations during a specific period and demonstrate a

quantitative measurement related to the intensity of participants’ movements.'*>

1.4.1.1 Research-grade Accelerometers

There are many different research-grade accelerometers, but two of the most frequently

used ones are the ActiGraph and the ActivPAL.

ActiGraph

The ActiGraph activity monitor (ActiGraph, Pensacola, FL, USA) is a lightweight (27 g),
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compact (3.8%3.7x1.8 cm) triaxial accelerometer with a rechargeable lithium-polymer battery.!*’
It collects motion data on 3 axes and measures the frequency and amplitude of accelerations of the
body segment it is attached to.!*® The ActiGraph uses a proprietary filtering algorithm to convert
accelerations to activity counts per minute. They are then reported in specific time intervals or
epochs, usually 1-minute epochs.'#® Activity counts per minute are stored in the ActiGraph’s
memory and the data can be downloaded and processed using ActiLife software. The activity count
reflects the energy cost of physical activity.!* The device is able to provide information regarding
the different levels of activity including sedentary behaviour, light and moderate-to-vigorous
intensity physical activity levels, according to the specified cut points, with sedentary behaviour
being <100 counts per minute.'*® The device is worn on the hip attached by an elastic belt during
waking hours and is a valid and reliable measure of physical activity.**

Distinguishing between sitting and standing is an important component of understanding
and quantifying sedentary behaviour.'*” The ActiGraph does not distinguish postures (i.e. sitting
versus standing) and in case of the lack of movement, such as standing still (a stationary, non-
sedentary behaviour), counts may go below 100 counts per minute leading to misclassification of

behaviour.'*® This limits the use of the ActiGraph for the measurement of sedentary behaviour.

ActivPAL3™

The ActivPAL*™ (PAL Technologies Ltd, Glasgow, UK) is a light and small (3.5 cm x
53 cm x 0.7 cm; 15 gr) triaxial activity monitor that measures accelerations of the thigh at a
sampling frequency of 20 Hz.!*° The device has an in-built inclinometer to determine posture based

on the thigh inclination 4915

and summarizes data in 15-second intervals (epochs) over a 24-hour
period. The ActivPAL provides output for body postures (lying/sitting, standing, and stepping) by

use of the proprietary algorithm in the manufacturer-provided software. In general, the
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ActivPAL*™ measures time spent on sedentary behaviour (sitting or lying), upright positions
(standing and walking), numbers of sit-to-stand and stand-to-sit transitions, and step counts.'*’ The
ActivPAL*™ monitor is attached to the midline of the anterior aspect of the thigh by waterproof

non-allergic adhesive pads (3M Tegaderm ™).!47

Accelerometers worn on the thigh such as the ActivPAL3™ have a greater ability to
differentiate between standing (thigh vertical) and sitting (thigh horizontal) in comparison with the
waist- or wrist-worn accelerometers such as ActiGraphs.!*” The ActivPAL3™ monitor has
previously shown excellent ability to measure sitting and upright times, number of postural
transitions and step counts in healthy adults,!*!!>2 people with disability such as patients with
stroke,!> and the elderly.!>® There is also evidence regarding the validity of the ActivPAL3™ for
measuring upright time and step counts in people with MS with moderate disability in a laboratory-
setting.!>* Nevertheless, no research on the validity of the ActivPAL3™ for measurement of
upright time and step counts has been conducted in persons with MS with mild disability.

Sedentary behaviour has been measured in previous studies with the MS population.
However, self-report measurements that might lead to underestimation of total daily sedentary
time %7° and objective measurements including ActiGraph which is not able to differentiate
between standing and sitting have been utilized. %® Although evidence suggests that the ActivPAL
may be the gold standard for measuring sedentary time,"*!!*® to date, no study has examined the
validity of the ActivPAL3™ in assessing sedentary behaviour in individuals with MS. Therefore,
sedentary behaviour has not been accurately measured as currently defined in previous studies in

the MS pOPUIation_65,68,7O
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1.4.1.2 Consumer-grade Accelerometers

There are numerous consumer-grade wearable activity monitors on the market. Many of
which have been tested with those with disabilities, including those with MS. Fitbit devices are
amongst the most popular and user-friendly ones. Low cost, interface capabilities, ease of use, and
wide commercial availability of these activity trackers have attracted the attention of researchers
and clinicians to monitor their patients’ physical activity by providing remote access to patient-
generated data.!> The device provides the opportunity for the patients to monitor their daily
physical activity and can be synchronized to smartphones and computers to generate immediate
feedback. These activity trackers, thus, can encourage individuals to promote their activity levels

by increasing the daily number of steps taken as a surrogate for physical activity.

Recently, a secondary analysis of randomized controlled trials evaluated the influence of
using a consumer-grade activity tracker on daily sedentary time and prolonged sedentary bouts. !>
The changes in sedentary time and prolonged sedentary bouts were not significantly different
between the intervention and control groups. However, increases in step counts were associated
with decreases in sedentary time and prolonged sedentary bouts, regardless of intervention.!®
They reported that the use of a consumer-grade activity tracker on a daily basis may indirectly
prevent an increase in sedentary behaviour by increasing daily steps- a surrogate of light-intensity
physical activities. Another recent study found that using consumer-grade activity trackers
interrupts workplace sedentary behaviour.!3” Participants were asked to stand at least once every
30 minutes throughout the workday. The purpose of the study was to find out whether standing
;

once every 30 minutes was a feasible strategy for reducing workplace sedentary behaviour.!®

These results showed that using an activity tracker is effective for recording and tracking
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interruptions in sitting time.'>” These studies!**!>” confirm that using a consumer-grade activity
tracker for monitoring daily activity levels will help with increasing physical activity levels and

indirectly reducing sedentary behaviour.

Older individuals and people with mobility disability may especially benefit from the
utilization of activity monitors since they tend to be less physically active and more sedentary than
healthy younger populations.”!3%15 Many patients with MS have walking disability, and use

assistive devices 100162

and as a result, have slower walking speed than the non-disabled peers.
The majority of people who have MS do walk — and despite the use of walking aids or walking
slowly — walking is still the most likely way they will get physical activity. Therefore, an activity

tracker that can precisely record steps even at slower walking speeds!6%1%

may be beneficial for
both health professionals and patients with MS to monitor walking activity goals. A laboratory-
setting study by Balto et al.'® reported the Fitbit One (Fitbit Inc, San Francisco, CA, USA) as the
most accurate and precise device in comparison with other consumer-grade activity monitors for

measuring steps in ambulatory adults with MS. Nevertheless, there was no criterion measure used

in their study.

Fitbit

The Fitbit activity tracker (Fitbit One, Canada) is a small and light device (0.5 cm x 2.03
cm x 5.58 cm; 8.5 gr) that records the steps, stairs climbed, sleep, and calories expended. It has a
5-day battery life and is synchronized to computers and smartphones. It is a relatively affordable
device that can provide instant feedback on either the device itself or via simple software accessed
via the internet. The device summarizes data in 60-second intervals (epochs). The Fitbit activity

trackers are attached to the waistline and ankle with a clip and a flexible band, respectively. Waist
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attachment is in accordance with the manufacturers’ guidelines. Earlier studies demonstrated the
validity of the Fitbit One for measuring step counts in healthy adults'®, the elderly'®*'®” and

163

patients admitted in rehabilitation wards'® in a laboratory setting. Furthermore, there is evidence

regarding the validity of the Fitbit One for measurement of steps in healthy adults,'**!% female

adults,'®® men with prostate cancer!’’ and stroke survivors!’!

in free-living environments.
However, different gait patterns including frequent bilateral gait deficits and/or slower walking!”?
in individuals with MS as compared to non-disabled people or patients with stroke can impact the
activity tracker accuracy. Moreover, the use of walking aid (e.g., cane, or walker) is also prevalent
in people with MS which probably influences the accuracy of the activity tracker. Therefore, it
will be useful if the Fitbit be a valid instrument for self-monitoring of daily steps in both
laboratory-setting and the free-living environment in patients with MS. To date, no study has

assessed the criterion and/or convergent validity of the Fitbit One activity tracker in measuring

steps in the MS population.

1.4.1.3 Feasibility of the use of consumer-grade activity trackers in people with disability

Adherence to wearing an activity tracker is important in order to reap the potential benefits
of increasing awareness of activity behaviour through monitoring. For example, a systematic
review conducted by Bravata et al. found that consistent use of a pedometer activity tracker is
associated with 26.9 % higher levels of physical activity.!> The use of pedometers significantly
increased the physical activity levels by 2491 and 2183 steps per day in randomized control trials
and observational studies, respectively.!> Another study by Hartman et al. using the Fitbit One
activity tracker with breast cancer survivors illustrated a significant increase in the moderate-to-

vigorous physical activity level in favour of the intervention group.'”” Vandelanotte et al.
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conducted a study to examine the effect of a 12-week web-based physical activity intervention on
the physical activity behaviour recorded by a Fitbit activity tracker in Australian adults.!”* A

significant increase in the total weekly physical activity level recorded by the Fitbit was

d 174 1 175

reporte Hultquist et a reported that sedentary women who were given a pedometer and
were instructed to walk 10,000 steps a day, took approximately 2,000 more steps per day than
women who were only instructed to walk briskly for 30 minutes every day. Based on all these
studies,' 173175 the use of an activity tracker such as a Fitbit that constantly records and displays
the real-time physical activity level and provides instant feedback may increase awareness and

help to reduce inactivity.!”6177

A study conducted with 248 ambulatory adults with MS who were asked to wear the Fitbit
One over a 23-day study period showed an average of 20 days of wearing the device and a mean
of 4,393 steps per day.!”® At the end of the study, the adherence rate of the participants for using
the Fitbit One was 87%, and 68% of participants reported the device useful for self-management

of activity behaviour.!”® Therefore, their results'’®

showed that it is feasible to integrate these
technologies with the everyday life of individuals with MS in order to measure and increase
physical activity levels and improve MS symptoms and health-related quality of life. Nevertheless,
it is unknown whether it is feasible to use a consumer-grade activity monitor such as the Fitbit One
over a longer period such as a few months.

Feasibility studies are “an overarching concept for studies assessing whether a future study,
project or development can be done”.!” They also help researchers to find out whether some
components of the main study can and/or should be done, and, if so, how it could/should be

conducted.'® Feasibility studies play a significant role in the preliminary planning of a complex

intervention with a randomized clinical trial (RCT) design and are also used to help making
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decisions on the outcome measures (e.g., a consumer-grade activity tracker) used in the
intervention.'®! Conducting a feasibility study is, therefore, the first step with the purpose of
determining whether a full intervention will be feasible to perform and if all the essential
components of an intervention such as outcome measures will work properly together.'?!

The evidence indicates that four main feasibility metrics including process (e.g.,
recruitment), resources (e.g., monetary costs), management (e.g., personnel time requirements)
and scientific outcomes (e.g., clinical/participant objective or reported outcome measures) required
to be assessed before conducting an intervention.!®? A scoping systematic review showed that one
major limitation of prior research on activity interventions in MS is the lack of systematic
feasibility testing (i.e., of the processes, resources, management and scientific outcomes of clinical
trials) before conducting the intervention.!'®? It may lead to not achieving efficacy or effectiveness
for changing the target outcome and consequently, misinterpretation of the intervention results.'®?

Thus, researchers must conduct feasibility studies as the first step before designing an intervention

study and selecting the outcome measures.

1.5 Thesis Objectives and hypotheses

The main objectives of this project were to:

1) Explore the preliminary efficacy of an intervention targeting reducing daily sedentary
behaviour and increasing light-intensity activities on physical activity behaviour,
symptoms and physical performance outcomes in persons with MS. The related hypothesis
was that a new activity behaviour change intervention with focus on reducing daily

sedentary behaviour and increasing light-intensity activities decreases daily sedentary time,

27



2)

3)

increases light-intensity activities and improves symptoms and physical performance in
persons with MS;

Evaluate the concurrent criterion validity of the ActivPAL3™

activity monitor to measure
sedentary time and step counts against direct observation, and the concurrent criterion
validity of the Fitbit One activity tracker in detecting step counts against direct observation
in patients with MS in a laboratory setting. The related hypothesis was that a) the
ActivPAL3™ activity monitor is a valid tool to measure sedentary time and step counts
against direct observation in patients with MS in a laboratory setting and b) the Fitbit One
activity tracker is a valid tool in detecting step counts against direct observation in patients
with MS in a laboratory setting;

Examine the convergent validity of the Fitbit activity tracker and the ActivPAL3™ activity
monitor for measurement of step count in a free-living environment in patients with MS;
The related hypothesis was that there is a strong association (convergent validity) between

steps recorded by the Fitbit One activity tracker and the research-grade ActivPAL3™

activity monitor in a free-living environment in patients with MS.

4) Test the feasibility of the use of a Fitbit activity tracker in patients with MS over a long

period. The related hypothesis was that It is feasible to use a consumer-grade activity
tracker such as the Fitbit One to monitor daily activity behaviour over a few months in

patients with MS.
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1.6 Structure of the Dissertation

A comprehensive literature review on activity behaviour in individuals with MS and its
measurement, interventions to reduce daily sedentary behaviour in persons with MS and the gap
in the literature is provided in chapter 1. Chapter 2 addresses the primary objective of the
dissertation and evaluates the preliminary efficacy of a new activity behaviour change intervention
on reducing daily sedentary behaviour, increasing light intensity activities, and improving
symptoms and physical performance in adults with MS. Chapter 3 contains a concurrent criterion
validity study assessing the validity of the Fitbit One activity tracker and the ActivPAL3™ activity
monitor as compared to direct observation (reference standard) in a laboratory setting which
addresses the second objective of the dissertation. Chapter 4 addresses the third objective of the
dissertation, a study examining the convergent validity of the Fitbit One activity tracker and the
ActivPAL3™ activity monitor in a free-living environment in adults with MS. Chapter 5 addresses
the fourth objective and discusses the feasibility of the use of the Fitbit One activity tracker to
monitor daily activity behaviour over a few months in patients with MS. Chapter 6, the final

chapter, summarizes the contributions and clinical implications of this research and provides

recommendations for future research.
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Abstract

Background: People with multiple sclerosis (MS) engage in more sedentary
behaviour than healthy peers, and this might contribute towards worse symptoms,

function, and quality of life (QOL).

Purpose: We examined the preliminary efficacy of an intervention that focuses
on sitting less and moving more for changing sedentary behaviour outcomes,

symptoms, QOL, and physical performance in adults with MS.

Methods: Persons with mild-to-moderate MS disability took part in a 15-week
pre-post trial. Sedentary behaviour, symptoms, QOL, and physical performance
were measured pre-post intervention and at follow-up. An unstructured linear

mixed-effects model determined change over time per outcome.

Results: Forty-one persons with MS participated (age 50+10.3 years). There were
significant reductions in total sedentary time (d=0.34) and the number of long (>
30 minutes) bouts of sedentary time (d=0.39) post-intervention. Fatigue,
depression, anxiety, sleep quality, total pain, QOL, gait speed, walking endurance
and function improved significantly after the intervention (P < 0.05). There was
no significant change in cognition. Those changes were maintained during the 7-

week follow-up, except for sedentary behaviour and sleep quality.

Conclusions: This study provides preliminary support for the efficacy of an
intervention focused on reducing sitting and increasing light intensity activity for

improving outcomes in adults with MS.

Keywords: Multiple sclerosis, sedentary behaviour, MS-related symptoms,

physical performance, activity behaviour change, ActivPAL
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2.1 Introduction

The provision of exercise training is recognized as a symptomatic and disease-
modifying treatment during the early stages of MS [1]. Exercise training has yielded
improvements in function, symptoms, and quality of life (QOL) in persons with MS, and has
been associated with the reduction in rates of MS relapses and disability progression over time
[1,2]. To date, only 1 in 5 persons with MS participate in sufficient amounts of moderate-to-
vigorous intensity physical activity (MVPA) necessary for health benefits [3]. Current
interventions and programs focusing on exercise training as a form of physical activity are not

changing population levels of physical activity in MS [4].

There has been recent interest in sedentary behaviour among persons with MS, as
persons with this disease spend a large proportion of the day sitting [5,6]. There is consistent
evidence of a link between high levels of sedentary behaviour and increased morbidity (e.g.
obesity, cardiovascular disease, diabetes and colon, endometrium and lung cancers) and
mortality in epidemiological studies [7-9]. Recently, a comprehensive review of sedentary
behaviour literature by the United States Physical Activity Guidelines Advisory Committee
(PAGAC) [10] reported a strong dose-response relationship between sedentary behaviour and
both all-cause mortality and cardiovascular disease mortality in adults and the elderly. These
associations are independent of physical activity levels [11,12]. A recent systematic review
[13] supporting the new Canadian 24-hour movement guidelines [14] demonstrated an
association between high levels of sedentary time with cognitive function, disability,
depression, physical activity levels and physical health-related quality of life in healthy adults.
In addition, the evidence indicates the substantial association between sedentary behaviour and
disability status [5,15,16], walking endurance [15], walking speed [15], function [17] and

blood-pressure outcomes [18] in individuals with MS.
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The growing body of evidence documenting the negative outcomes of too much sitting
overall and in MS supports a new approach for activity promotion. A focus on decreasing
sedentary behaviour may be more feasible than focusing on increasing MVPA levels in those
with disability [9,19] such as persons with MS. Nevertheless, sedentary behaviour

interventions have been infrequently studied in the MS population [20].

To date, two studies have tested behavioural interventions for reducing sedentary
behaviour in people with MS. One study reported a significant reduction in self-reported
sedentary time following a 6-month internet-based behavioural intervention based on the social
cognitive theory [21]. The study was limited by the inclusion of a self-report measure of
sedentary time, and differences between the intervention and control group in reported
sedentary time at baseline [21]. Another study examined the feasibility and initial efficacy of
a 3-month behaviour change intervention on the levels of fatigue, pain and objectively
measured activity behaviour immediately and 6-months post-intervention [22]. No difference
in the total daily sedentary time was observed between the intervention and control groups
[22]. Not primarily and explicitly focusing on the reduction of sedentary behaviour and more
focus on the increase of physical activity levels in the intervention group might be responsible

for no difference in sedentary behaviour outcomes between groups following the intervention.

To date, there is little information on interventions that focus on reducing sedentary
behaviour and secondary improvements in symptoms and physical performance in the MS
population. Therefore, we evaluated the preliminary efficacy of a sedentary behaviour
intervention on sedentary behaviour, symptoms and physical performance outcomes

immediately post-intervention and 7-weeks post-intervention.
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2.2 Material and Methods

2.2.1 Study Design

The protocol for the “SitLess with MS” study has been published [23]. The study
involved a single group, repeated measures design, and was approved by the Health Research
Ethics Board of the University of Alberta (# Pro000667657), the Northern Alberta Clinical
Trials and Research Centre, and the Alberta Health Services Edmonton Zone (operational
approval for recruitment through the Northern Alberta MS Clinic). We have further published
a manuscript describing the feasibility outcomes (process and management, and progression

criteria) of the intervention [24]. This paper focuses on efficacy outcomes.

2.2.2 Intervention

Briefly, the 15-week intervention included behavioural change strategies based on
principles from social cognitive theory including self-monitoring, goal setting, and self-
efficacy for sedentary behaviour change [23]. The intervention encompassed two 7-week
stages (SitLess and MoveMore), with an interim week between stages which allowed for
interim activity measurement. The SitLess stage focused on interrupting prolonged sitting and
the MoveMore stage was focusing on maintaining reduction in overall sitting time and
replacing it with light-intensity physical activity during the day. The intervention was internet-
based and included weekly coaching sessions with an intervention coach and the participant
(excluding Weeks 0 and 15). The individual coaching sessions were used to expedite
knowledge translation and strategies for activity behaviour change and to help accountability
and compliance with the intervention [23]. A newsletter designed according to the core
determinants of social cognitive theory (i.e., self-efficacy, goal setting, facilitators, and

barriers) accompanied each coaching session [23].
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2.2.3 Participants and Recruitment

Participants were recruited through community programs and the Northern Alberta MS
Clinic at the University of Alberta as detailed in the protocol paper [23]. Participants were
included based on the following criteria: (1) diagnosis of MS confirmed by a neurologist; (2)
one-year post-diagnosis; (3) age > 18 years old; (4) mild or moderate neurological disability
(defined by Expanded Disability Status Scale (EDSS) score of 1-6.5) [25]; (5) relapse-free
within the previous 3 months; (6) stable use of disease-modifying drugs and rehabilitation over
the previous 6 months; (7) physically inactive (defined as insufficiently active by a score of
less than 14 from the Godin-Shephard Leisure-Time Physical Activity Questionnaire) [26]; (8)
able to walk 10 meters with or without a walking aid; and (9) mobile phone access. The sample
size target was in accordance with previous activity behaviour interventions with persons with

MS and stroke populations [27-30].

2.2.4 Study Procedures

There were 3 measurement points including pre-intervention (baseline), post-
intervention (Week 15) and follow-up (Week 22) (see figure 2-1 for the timeline of study
activities). At each measurement point, we assessed sedentary behaviour, symptoms (fatigue,
depression, anxiety, pain, sleep quality, cognitive impairment and QOL), and physical
performance based on gait speed, walking endurance, lower extremity strength and function.
Participants wore an ActivPAL3™ (PAL Technologies Ltd, Glasgow, UK) for 7 days without
removal at each measurement point. An ActivPAL log was given to each participant to record
wake and bedtimes, and any instances that they removed the device for any reason. After

completion of 7 full days of monitoring, participants mailed the monitor to the research team.
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A Fitbit One was given to each participant at the baseline measurement session and

they were asked to wear it daily during waking hours, throughout the 15-week intervention.

Baseline Stage 1 Interim Stage 2 Post-intervention 7 weeks post-interv ention
@ SitLess @ Mov eMore @ @
| ‘ I
| \ f \
— [T T T TTTO T T T T TT e=—————- >
Week 0 W1 W2 W3 W4 W5 Wée WT Wi W W10 W11 W12 W13 Wi4 W15 Week 22
® >
W=Wed:

Figure 2-1: Timeline of the “SitLess with MS” intervention program.

The figure is redrawn based on the figure from P.J. Manns, G. Mehrabani, S. Norton, S. Aminian, R W. Motl,
The SitLess With MS Program: Intervention Feasibility and Change in Sedentary Behavior, Arch. Rehabil. Res.
Clin. Transl. (2020) 100083.

2.2.5 Measures

Data on sociodemographic characteristics were collected at baseline. MS-related
characteristics (i.e., type and duration), anthropometric measures, and disability status were

collected at all 3-time points.

2.2.5.1 Symptoms and physical performance

Symptoms, QOL, and physical performance outcome measurements are provided in
table 2-1. The full description of each outcome measure and its psychometric properties is

provided in the protocol paper [23].
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Table 2-1: Measures of symptoms, quality of life, and physical performance in adults with MS

Variable

Measure

Score

Disability Status

Fatigue

Depression
Anxiety
Pain
Sleep problems

Cognition

Quality of Life

Gait-speed

Walking
Endurance

Function

Clinician-measured Expanded Disability Status Scale,
Self-reported Patient Determined Disease Steps Scale
Self-reported Fatigue Severity Scale

Self-reported Modified Fatigue Impact Scale

Self-reported Hospital Anxiety and Depression Scale

Self-reported Hospital Anxiety and Depression Scale

Self-reported Short-form McGill Pain Questionnaire

Self-reported Pittsburgh Sleep Quality Index
Performance-based Symbol Digit Modalities Test

Self-reported Medical Outcomes Study Short-Form Health Survey
Clinician-measured 10-meter Walk Test

Clinician-measured 6-minute Walk Test

Clinician-measured Short Physical Performance Battery Test

Total score: 0 - 10
Total score: 0 - 8

Total score: 1 -7

Total score: 0 - 84

Depression subscale total score: 0 - 21

Anxiety subscale total score: 0 - 21

Total pain score: 0 - 45

Total score: 0 - 21

Total score: Depending on age and education status

Subs cores and Total score

Total score: meters/seconds

Total score: meters

Total score: 0 - 12
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2.2.5.2 Sedentary Behaviour

Sedentary behaviour was objectively measured by the ActivPAL3™. The
ActivPAL3™ provides output about body postures (lying/sitting, standing, and stepping) by
use of the proprietary algorithm in the manufacturer-provided software [31,32]. It reports time
spent in sedentary behaviour (sitting or lying), time spent in upright positions (standing and
walking), numbers of sit-to-stand and stand-to-sit transitions, and step counts [31]. The
ActivPAL3™ monitor has excellent validity in measuring sedentary and upright time and the
number of postural transitions in healthy adults [33], people with disability, and the elderly
[34]. Three main sedentary behaviour outcomes were collected from the ActivPAL3™
including average total sedentary time per day (minutes), average number of daily breaks in
sedentary time (sit-to-stand transitions) and the average number of prolonged sedentary bouts
> 30 minutes per day. The ActivPAL3™ monitor was attached to the midline of the anterior

aspect of each participant’s stronger thigh by waterproof non-allergic adhesive pads (3M

Tegaderm™, 3M Company, Canada).

ActivPAL3™ data for each participant was downloaded to a computer for analysis in
Excel spreadsheet (Microsoft Corporation) in 15-second epochs during a 24-hour day, using
Professional Research Edition software (PAL Software Suite Version 8). Participants who
wore the ActivPAL3™ for at least 5 valid days at each time point were included in the analysis.
A valid day was defined as a day where the ActivPAL3™ reported movement (standing or
stepping) for at least 6 hours during wake time [35]. Wake and bedtimes were determined
using the Chastin method [36], with a few adjustments. Wake time was defined as the first
standing event after a long continuous period > 2.5 hours of non-upright posture. Bedtime was
defined by the last standing event before a long continuous period > 3 hours of non-upright

posture. Standing or stepping with a duration of > 15 minutes occurring before 1:00 AM and
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after a sedentary bout of > 2.5 hours was classified as waking time [37]. Wear time was
calculated as bedtime minus wake time. Logs were reviewed for verification after preliminary
wake and bedtimes were determined using the event files. Once event files were prepared with
documented wake and bedtimes, the R package version 3.6.1 (PAactivpal) [38] was used to

determine sedentary outcomes.

2.2.6 Data analysis

Descriptive statistics (mean, SD) were used to describe the participants, sedentary
behaviour outcomes, symptoms and physical performance at pre-intervention, immediate post-
intervention and follow-up. Linear mixed-effects models were used to determine whether
sedentary behaviour outcomes, symptoms and physical performance outcomes changed over
time (from pre-intervention (Week 0) vs immediate post-intervention (Week 15) vs follow-up
(Week 22)). An unstructured variance-covariance structure (ie., each time point was assumed
to have its variance) was used. Mixed-effects models were used because they are more rigorous
in the analysis of repeated measure designs compared to conventional methods such as repeated
measures analysis of variance [39]. The fixed-effect part of the model included the outcome
variable adjusted for the participants’ age and sex (known covariates of activity behaviour)
[40]. Pairwise comparisons with Bonferroni corrections were used to compare differences.
Effect sizes were calculated using Cohen’s d (d) and were interpreted as small (0.20), medium
(0.50) or large (0.80). All analysis was conducted in SPSS software version 24 (IBM SPSS
Statistics for Windows, Version 24.0; Armonk, NY: IBM Corp) at a significance level of P <

0.05.
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2.3 Results

Forty-one persons with MS participated. Participants had mild to moderate disability
and ranged in age from 31-72 years with a mean age of 50 + 10.3 years. Ninety percent of
participants were female. Twenty-six (63.4%) of participants had relapsing-remitting MS and
average disease duration was 14.3 + 11.3 years. Participant characteristics are provided in table
2-2. Of the 41 participants who were enrolled at baseline, 39 completed the program and post-
intervention assessment, and 36 completed the follow-up assessment. The flow of participants
and reasons for loss to post- intervention and follow-up has been displayed in the feasibility

paper [24].
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Table 2-2: Participant characteristics

Characteristics N (%) or Mean (SD) Range
Age (Years old) 31-72
<40
7 (17.07%)
ioé age < 65 28 (68.2%)
- 6 (14.6)
Clinician measured disability status 1.5-6.5
Mild disability (EDSS < 4) 18 (43.9%)
Moderate disability (4 < EDSS <6.5) 23 (56.1%)
Self-reported measure disability status 0-6
No disability (PDDS = 0) 2 (4.8%)
Mild disability (PDDS < 3) 10 (24.3%)
Moderate disability (3 < PDDS < 6) 29 (70.7%)
Disease duration (Years) 1-50
<5 8 (19.5%)
5-10 10 (24.4%)
11-20 15 (36.6%)
>20 8 (19.5%)
Use of 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%)
Weight (Kilograms) 77.5(19.1) 45-122
Height (Metres) 1.6 (0.07) 1.5-1.8
BMI (Kilograms/metres?) 17.2-44.3

BMI< 25 17 (41.4%)
25 <BMI < 30 7 (17.07%)
BMI > 30 17 (41.4%)
Education

High school or less 10 (24.4%)
College/Diploma 15 (36.6%)
Bachelors 11 (26.8%)
Masters 5 (12.2%)

EDSS: Expanded Disability Status Scale; PDDS: Patients Determined Disease Steps Scale; BMI: Body
Mass Index.
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Forty, 37 and 30 participants had valid ActivPAL data at baseline, post-intervention
and follow-up, respectively. The average total daily sedentary time, total number of breaks in
sedentary time and total number of long sedentary bouts (> 30 minutes) per day were 626.4
minutes (69% of daily wake time), 54.6 per day and 5.8 bouts at baseline, respectively. There
was a significant reduction in total daily sedentary time and total number of long sedentary
bouts > 30 minutes per day from baseline to immediate post-intervention (table 2-3). Levels of
fatigue, depression, anxiety, sleep quality, total pain, QOL, gait speed, walking endurance and
function improved from baseline to immediate post-intervention (tables 2-4 and 2-5). There
was no significant change in cognition and the total number of sedentary breaks per day (tables
2-3 and 2-4). The changes that occurred from baseline to immediate post-intervention were
sustained at follow-up (i.e., there was no change from immediate post to follow-up) for the
majority of the outcomes except for sleep quality and sedentary behaviour outcomes (tables 2-
3, 2-4 and 2-5). The effect sizes per outcome are provided in table 2-6. The largest effect size

was observed for depression (d=0.79), followed by fatigue (d=0.63) and anxiety (d=0.55).
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Table 2-3: Change in sedentary behaviour outcomes across three time points

B (Week 0) PI (Week 15) PI-B FU (Week 22) FU-B FU - PI
Variable N=40 N=37 N=37 N=30 N=30 N=30
MD MD
o,
Mean SD Mean SD MD (95%CI) p Mean SD (95%CI) p (95%CI) P
Total sedentary
) -38.11 -30.52 7.59
minutes perday  626.41 141.59 577.93 131.60 0.034 596.53 145.90 0.162 0.637
from “ActivPAL (-73.12, -3.10) (-73.88, 12.83) (-25.00,40.19)
Total number of
breaks per day 54.59 1931 55.84  20.58 -3 2’6304908) 0.869 5412 21.28 (-4-2;%256) 0.817 (_4_8&82137) 0.698
from *ActivPAL B T R
Total number of
sedentary bouts
> 30 minute per 5.81 2.13 4.98 1.86 1 _2%7?0214) 0.015 5.38 2.33 (_1_8;%)834) 0.324 -0 (1)536(;188) 0.161
day from .26, -0. .02, 0. .15, 0.
aActivPAL
Wake time -17.22 -1.02 16.02
(minutes per day) 907.80  79.20 887.40 75 (-40.62, 6.24) 0.145 913.80 53.40 (-24.66, 22.62) 0.931 (-5.82,38.16) 0.144

B: Baseline; PI: Post-intervention; FU: Follow-up; p: Level of significance, N: Number of participants; MD: Mean difference; CI: Confidence interval.
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Table 2-4: Change in symptoms and quality of life across three time points

B (Week 0) PI (Week 15) PI-B FU (Week 22) FU-B FU-PI
Variables N=39 N=36 N =36
Mean SD Mean SD (951\/["/?CI) P Mean SD MD (95%CI) P MD (95%CI) P
-0.84 -0.57 0.27
FSS Score 5.49 1.23 4.62 1.29 (-1.14. -0.55) 0.000 4.86 1.63 (-0.85. -0.29) 0.000 (-0.06, 0.61) 0.114
MFIS Total -9.33 -8.01 1.32
Score 47.66 15.43 38.03 15.17 (-13.56, -5.11) 0.000 38.17 | 1545 (-11.95, -4.06) 0.000 (-2.29. 4.94) 0.463
. -2.91 -2.23 0.68
Depression 7.07 4.20 4.08 3.00 (-4.13. -1.70) 0.000 4.64 3.25 (-3.41. -1.05) 0.000 (0.01, 1.35) 0.047
. -2.48 -1.74 0.73
Anxiety 8.32 4.75 5.77 4.22 (-3.64, -1.31) 0.000 6.50 4.45 (-2.90, -0.58) 0.004 (041, 1.88) 0.202
. -1.31 -1.09 0.22
Sleep quality 8.80 4.11 7.33 4.10 (-2.53.-0.10) 0.034 7.39 3.98 (234, 0.15) 0.085 (071, 1.15) 0.635
. -1.23 -2.93 -1.69
Sensory pain 10.86 7.28 9.59 6.88 (-2.99,0.52) 0.162 7.58 5.82 (430, -1.55) 0.000 (-331,-0.07) 0.041
. . -0.99 -0.94 0.04
Affective Pain 3.17 2.31 2.17 2.30 (-1.59. -0.39) 0.002 2.11 2.35 (-1.61.-028) 0.006 (-0.58, 0.68) 0.879
. -2.22 -3.87 -1.64
Total Pain 14.03 9.08 11.76 8.60 (-4.24, -0.20) 0.032 9.69 7.74 (-5.64, 2.10) 0.000 (-3.67,038) 0.108
.. 1.98 2.23 0.25
Cognition 44.20 10.40 45.90 11.82 (-0.01, 3.98) 0.051 46.47 | 11.66 *(:0.12, 4.59) 0.063 *(-1.78.2.28) 0.805
QoL 8.05 6.26 -1.78
(General health) 48.41 25.74 56.92 21.01 (3.17, 12.93) 0.002 56.52 = 20.76 (0.77, 11.75) 0.026 (-6.04, 2.47) 0.400
QoL 31.95 19.13 49.30 18.26 17.18 0.000 43.19 | 18.67 10.54 0.008 (l_gg; - 0.033
(Fatigue) ’ ’ ' ' (10.41, 23.96) ’ ' ’ (2.86, 18.22) ' 0 55)’ ’
QoL
. 8.24 6.37 -1.87
fu(rll)chgsrllc]ilg) 43.17 25.75 51.02 25.24 (3.69, 12.80) 0.001 51.38  24.74 (2.90.9.84) 0.001 (-6.57,2.81) 0.423
QoL
. 10.26 9.39 -0.86
(Emotlgnal 60.78 23.31 71.15 16.61 *(4.44, 16.07) 0.001 71.00  16.73 (2.89. 15.90) 0.006 (-5.12, 3.40) 0.684
wellbeing)
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B: Baseline; PI: Post-intervention; FU: Follow-up; p: Level of significance; FSS: Fatigue Severity Scale; MFIS: Modified Fatigue Impact scale; QoL: Quality of
Life; N: Number of participants; MD: Mean difference; CI: Confidence interval. * The number of participants was 34 for cognition and emotional wellbeing QoL

65



Table 2-5: Change in physical performance outcomes across three time points

B (Week 0) PI (Week 15) PI-B FU (Week 22) FU-B FU -PI
Variables
MD MD MD
Mean SD Mean SD N (95%CI) p Mean SD N (95%CI) p N (95%CT) p
Gait
Speed 0.077 0.096 0.019
(10-meter 0.99 0.42 1.04 0.43 39 (0.03,0.12) 0.002 1.12 0.38 33 (0.03,0.15) 0.002 33 (:0.03, 0.07) 0.45
walk test)
6-minute 31.37 43.34 11.96
walk 283.34 133.80 308.59 149.53 39 (17.91, 0.000 339.20 140.20 33 (24.76, 0.000 33 (-1.80, 0.086
distance 44.84) 61.92) 25.73)
SPPB-
-0.19 0.11 0.30
Balance 3.00 1.26 2.82 1.21 39 (:0.48, 0.09) 0.174 3.22 1.12 32 (:0.17,0.39) 0.431 32 (0.06,0.55) 0.015
score
SPPB-
Chair sit- 0.53 0.70 0.17
stand 1.76 1.46 2.29 1.55 38 (0.20, 0.85) 0.002 2.53 1.45 32 (0.31,1.08) 0.001 32 (:0.09, 0.43) 0.193
score
SPPB-
Gait 0.20 0.33 0.13
Speed 3.22 1.12 341 1.06 39 (0.07,0.33) 0.003 3.67 0.77 33 (0.15, 0.50) 0.000 33 (0.00, 0.26) 0.064
score
SPPB
0.54 1.13 0.58
total 7.98 343 8.50 3.43 38 (0.15, 0.94) 0.008 9.45 2.97 31 (0.60, 1.65) 0.000 31 (0.16, 0.99) 0.007
score

B: Baseline; PI: Post-intervention; FU: Follow-up; p: Level of significance; SPPB: Short Physical Performance Battery; N: Number participants; MD: Mean
difference; CI: Confidence interval.
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Table 2-6: Effect size of the “SitLess with MS” intervention on sedentary behaviour outcomes,
symptoms and physical performance outcomes

Variables Effect Size

PI-B Fu-B

Total sedentary minutes per day from the ActivPAL 0.34 0.21
Total number of breaks in sedentary time from the ActivPAL 0.06 0.02
Number of long sedentary bouts > 30 minutes per day from the ActivPAL 0.39 0.20
Fatigue (Fatigue Severity Scale) 0.61 0.44
Fatigue (Modified Fatigue Impact Scale) 0.60 0.59
Depression 0.79 0.64
Anxiety 0.55 0.39
Sleep Problems 0.35 0.34
Total Pain 0.26 0.50
Cognition 0.15 0.20
Quality of Life (General health) 0.37 0.35
Gait Speed 0.12 0.31
Walking endurance 0.17 0.39
Short Physical Performance Battery-Balance score 0.15 0.18
Short Physical Performance Battery-Chair sit-stand score 0.35 0.50
Short Physical Performance Battery-Total score 0.15 0.44

B: Baseline; PI: Post-intervention; FU: Follow-up.

2.4 Discussion

This study examined the preliminary efficacy of a sedentary behaviour change intervention
for improving symptoms and physical performance in adults with MS with mild to moderate
disability. Participants significantly reduced daily sedentary time and the number of long sedentary
bouts > 30 minutes per day pre-post intervention. This indicates that the intervention had the

intended impact of changing sedentary behaviour. There further were improvements in fatigue,

67



depression, anxiety, sleep quality, total pain, QoL, gait speed, walking endurance and function.
The significant change in sedentary behaviour outcomes was not sustained at follow-up, however,
the improvements were sustained for symptoms and physical performance measures, except for
sleep quality. Cognition, as measured by the SDMT, was the only outcome that did not change

from baseline to post-intervention or follow-up.

One previous study [22] tested the efficacy of a 6-month sedentary behaviour intervention
in adults with MS using a self-report measure of sedentary time and reported a 99-min reduction
in total daily sedentary time in favour of the intervention group with a small effect size (n?: 0.06)
[21]. The effect sizes of the present study on reducing total daily sedentary time and total daily
number of long sedentary bouts > 30 minutes were 0.34 and 0.39, respectively, and these effects
are small in magnitude. Nevertheless, the use of a device measure of sedentary behaviour (i.e.
ActivPAL3™) in the present study may provide more accurate data (less bias than self-report),
and better capture the complexity and various dimensions of sedentary behaviour with more

continuous assessment of free-living sedentary behaviour [41,42].

Another recent study [22] examined the feasibility and initial efficacy of a 3-month
behaviour change intervention on activity behaviour outcomes and levels of fatigue and pain in
adults with MS with use of the ActivPAL3p for measurement of sedentary behaviour. As described
in the study protocol, the intervention was comprised of a handbook and four one-on-one face-to-
face physical activity sessions with participants, along with the usual care services [29]. The
control group received usual care services [29]. The handbook primarily focused on increasing
physical activity levels and largely did not focus on reducing sedentary behaviour [29]. The

intervention and control groups reduced total daily sedentary time by 54 and 24 minutes,
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respectively, and there was no significant difference in the total daily sedentary time between
groups post-intervention [22]. The small number of participants in the trial likely resulted in
underpowered data analysis, and contributed to the lack of difference in sedentary behaviour
outcomes between groups [22]. More engagement of participants in the control group in some of
the usual care services (e.g., contact with MS nurse and occupational therapist) compared to the
intervention group [29], and not explicitly targeting reduction of sedentary behaviour may also
contribute to the absence of difference between groups [29], Nevertheless, the effect size of the
intervention on reducing daily sedentary time was 0.41 for the intervention group [22] which is
similar to the magnitude of change that we report in this study. They reported a significant
reduction in the level of fatigue between groups at post-intervention and follow-up and a

significant decrease in the level of pain at follow-up [22].

In regards to interventions, Spence and colleagues [43] suggested that interventions with a
focus on changing posture (e.g. sitting to standing) while maintaining the same activity (e.g.
standing while watching TV) may increase daily light-intensity physical activity. These
researchers further suggested that those interventions might have greater potential to reduce
sedentary behaviour than interventions that focus on substitution of daily sedentary behaviour with
another behaviour such as MVPA [43]. Accordingly, primarily targeting sedentary behaviour and
focus on increasing light intensity activities with our intervention rather than asking for MVPA
changes (i.e., occupy a small fraction of the day and may not substantially reduce sedentary time),
may explain the significant reduction in sedentary behaviour outcomes we report. This type of
intervention may be more feasible for people who have challenges with movement. However, to
date, there is not enough research on this type of intervention in people with mobility disability

such as individuals with MS. More research with larger samples including a control group is
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needed to determine the effect of those interventions on reducing sedentary behaviour.

Fatigue, depression and anxiety are three of the most commonly reported symptoms in the
MS population [44,45]. The observed effect sizes for those outcomes in the present study were
moderate in magnitude (table 2-6), while we report small effects on pain, sleep quality, and QOL
(table 2-6). Previous research allows comparison of the effect sizes reported from the “SitLess
with MS” intervention with those reported in a trial that focused on increasing lifestyle physical
activity, especially walking [46]. Researchers reported a significant improvement in the levels of
fatigue, depression and anxiety at post-intervention [46], and no significant improvements in pain,
sleep quality, and QOL with an intervention focusing only on lifestyle physical activity [46]. The
effect sizes of the intervention were moderate to large (0.82, 0.64, 0.64) for fatigue, depression
and anxiety, and small (0.45 and 0.42) for decrease in pain and improvement of sleep quality in
the intervention group [46]. The effect sizes are comparable with the effect sizes in the present
study thereby suggesting that an intervention targeting sedentary behaviour has a similar impact

on MS-related symptoms as an intervention focusing on increasing lifestyle physical activity.

The finding of a similar effect from a sedentary behaviour intervention as compared to one
focusing on increasing light intensity activity make sense. Sedentary behaviour and light-intensity
physical activity are usually almost perfectly correlated [47] such that increasing light-intensity
physical activity reduces sedentary time. A study by Kozey-Keadle et al. [48] tested the effect of
a 12-week trial with obese participants in 4 intervention foci (exercise; reduction of sedentary time
and increase non-exercise physical activity; exercise and reduce sedentary time; control) on
sedentary behaviour and non-exercise physical activity. They reported no significant changes in

sedentary time and non-exercise physical activity in the exercise group (exercised 5 days per week
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at a moderate intensity) [48]. However, they reported a reduction in free-living sedentary time and
an increase in non-exercise physical activity in the groups that included the reduction in sedentary
behaviour component [48]. Their results demonstrated the importance of targeting intervention for
the desired change. They concluded that Interventions targeting multiple behaviours (sedentary
behaviour and non-exercise physical activity) may be able to successfully increase daily activity
[48]. The results from the current and the above studies [46,48] indicate that clinicians might be

able to recommend either for the management of symptoms in MS.

Participants made gains in physical performance outcomes and continued to make gains
even after the intervention ended. Based on the obtained effect sizes, the greatest improvement
amongst physical performance outcomes was observed for the SPPB-Chair sit-stand test which is
an indicator of the lower-extremity strength. This improvement is in line with the focus of our
intervention on sitting less (i.e., promoting the action of moving from sitting to standing), which
is exactly what is tested with the chair sit to stand test. Our preliminary findings indicate that an

intervention that focuses on sitting less and moving more can affect physical performance.

Cognition, as measured by the SDMT, was unchanged from baseline to post-intervention
and 7-week post-intervention. Cognition is complex in nature and consists of different domains
such as memory, attention and information processing [49,50]. The use of the SDMT which
primarily measures information processing speed [51,52] may help to explain our findings related

to cognition.

Based on the evidence, frequency, duration and intensity of activity over time are
considered important factors when evaluating the effects of activity on cognition [53-55]. For

instance, research shows that moderate-intensity exercise is related to improvement in working
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memory and cognitive flexibility, while high-intensity exercise enhances the information
processing speed [56]. Peripheral brain-derived neurotrophic factors significantly increase after
high-intensity physical activity, but not after low-intensity activity [57] which might be responsible
for improvement in cognition following activities with higher intensity. A recent 3-week exercise
intervention that included 5 weekly moderate-to-vigorous training sessions reported a significant
improvement in cognitive performance as measured by the SDMT in adults with MS [58].
Although shorter in duration (i.e., 3 weeks), the exercise intensity (working out for 30 minutes
daily at lactate threshold) was higher than in the present study. Another study [59] which evaluated
the effectiveness of a 6-month internet-based physical activity intervention on cognitive
performance measured by oral SDMT also reported a clinically meaningful improvement in
cognition in patients with mild disability, but not in persons with moderate disability [59].
Therefore, the intensity may play a role in the potential for impact of an intervention on cognition.
Primarily targeting reduction in daily sitting time and increasing light-intensity activities such as
slow walking following the “SitLess with MS” intervention may not have enough intensity to
create a significant change in the level of cognition in a duration of 15 weeks [53—57]. Our results
are congruent with a recent systematic review on healthy adults [13] that reported replacing seated
with standing workstations (i.e. changing posture from sitting to standing as a light-intensity
physical activity) does not lead to improvements in cognitive function. Our findings are also in
agreement with another systematic review that showed interventions targeting reduction in
sedentary behaviour in adults at the workplace are not associated with changes in cognitive

performance [60].
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2.5 Study Limitations

The lack of a control group allowed evaluation of preliminary efficacy of the intervention
only. The follow-up period was 7 weeks and provides only an estimation of the long-term
sustainability of the intervention effects. The effect on the primary outcome (sedentary behaviour)
was not sustained over a short follow-up. Only patients with MS who had mild to moderate
disability were included, and the findings are not generalizable among non-ambulatory persons

with MS.

2.6 Conclusion

The present research provides support for a less intense whole-day activity behaviour
intervention in MS. Further research including randomized controlled trials focusing on sitting less
and moving more (i.e., changing behavioural topography from sitting to standing) in MS
populations is required to replicate the effect under conditions of high internal validity. Future
research may focus on the issue of adherence — is long term adherence actually better with a lower
intensity focus? That possibility is hypothesized but requires testing. A strategy to facilitate
improvement in light-intensity activities such as slow walking and a reduction in sitting time may
be a first step towards promoting activity levels and increasing energy expenditure in persons with

MS.
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ABSTRACT

Background: People with multiple sclerosis (MS!) sit more and are less active than peers,
despite public health recommendations. Accurate measurement of physical activity
behaviour helps patients to understand and change activity levels and can be used to
evaluate activity interventions. We examined the validity of ActivPAL3™ for measuring
sitting time, standing time, numbers of postural transitions and steps and the validity of

Fitbit One for measuring steps in ambulatory patients with MS.

Methods: Thirty-two ambulatory patients with MS aged 18 to 65 years old wore
ActivPAL3™ and Fitbit One (using both waist and ankle placement) monitors while
performing a series of postural and walking tasks in a laboratory setting. Recorded data
from the ActivPAL3™ and Fitbit Ones were compared against direct observation as the

criterion measure.

Results: The ActivPAL3™ demonstrated validity evidence as a measurement tool for
sedentary behaviour (sitting time), standing time and steps (ICC?: 0.98). The waist-worn
(ICC: 0.88) and ankle-worn (ICC: 0.72) Fitbit Ones demonstrated validity evidence for
measurement of steps. The ankle-worn Fitbit One performed better (ICC: 0.89) than the

waist-worn Fitbit One (ICC: 0.76) in people with walking aids.

! Multiple Sclerosis

2 Intraclass correlation coefficients
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Conclusions: Both ActivPAL3™ and Fitbit One can be used to accurately measure steps

in the MS population.

Keywords: Validity, Accelerometers, Measurement, ActivPAL3™, Fitbit, Steps,

Sedentary behaviour
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3.1 Introduction

Multiple sclerosis (MS) is a chronic progressive disease of the central nervous
system [1]. The consequences of MS include balance and walking disabilities [2,3] as
well as comorbidities such as hypertension, coronary heart disease, and obesity [4].
Together the sequelae and co-occurring conditions related to MS may lead to physical

inactivity [5] and large amounts of sedentary behaviour [6,7].

Accurate assessment of physical activity and sedentary behaviour is essential to
identify current activity levels and to allow evaluation of the effectiveness of activity
interventions. Activity behaviour can be measured by self-report and/or observation.
Questionnaires, surveys, diaries and logbooks are self-reported tools that can be used to
measure physical activity and sedentary behaviour [8,9]. Observed measurement relies
on information generated through direct observation or from activity monitors [10]. Even
though self-report assessment provides researchers useful information, observed
measurement appears more accurate [11]. Accelerometry and pedometry are the most
commonly used measurement tools, yielding outcomes such as activity counts, sitting
time and steps taken [12]. Accelerometers are typically consumer-grade such as Fitbit
(less expensive and accessible to the general public) [13,14] or research-grade such as
ActivPAL3™ (more expensive, shown to be more accurate, not used by the general

public) [15,16].

When we are deciding on the selection of the appropriate activity measurement
tools as part of an intervention, we need to consider that the most common way people

with MS are active is through walking.[17] Many patients with MS use walking aids or
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walk slowly [18]. Thus, a selected activity monitor must be accurate in people with MS

who walk at different speeds or with variable gait patterns.

People with MS may especially benefit from the utilization of consumer-grade
activity monitors since they provide an opportunity for individuals to monitor their daily
physical activity. These monitors can be synchronized to smartphones and computers to
generate immediate feedback and can encourage individuals to increase their activity

levels by monitoring daily steps taken as a surrogate for physical activity.

Balto et al. [19] evaluated the precision and accuracy of different consumer-grade
activity trackers for measuring steps in ambulatory adults with MS and reported the Fitbit
One (Fitbit Inc, San Francisco, CA, USA) as the most accurate and precise device.
However, there was no criterion measure used in their study. Activity trackers produced
by Fitbit are popular and widely utilized. Fitbit activity trackers (e.g. Fitbit One) record
steps, stairs climbed, distance travelled, sleep, and calories burned. The Fitbit One can be
attached to the hip, bra, or ankle. Earlier studies in healthy adults [20], and community-
dwelling elderly [21] showed the hip-worn Fitbit One accurately measured step counts.
Treacy et al. [22] and Simpson et al. [23] found the Fitbit One worn on the ankle had
excellent agreement with direct observation of steps in individuals who walk slowly such
as patients with stroke [22] and the elderly [23]. However, poor agreement was observed
at slower gait speeds when the Fitbit One was attached to the hip [22]. Patients with MS
may have slow or altered gait [24] with frequent bilateral gait deficits, as compared to
people with stroke who typically have hemiplegic gait patterns [25]. Use of walking aid
(e.g., cane, or walker), which is also common in people with MS, is also likely to
influence activity tracker accuracy. Therefore, the validity of the Fitbit One in both

locations (i.e., hip and ankle) must be determined with persons with MS.
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Measuring posture - a surrogate for sedentary behaviour - and distinguishing
between standing and sitting is an important component of understanding and quantifying
sedentary behaviour [26]. Accelerometers worn on the thigh, such as ActivPAL3™ (PAL
Technologies Ltd, Glasgow, UK), have the ability to differentiate between standing (thigh
vertical) and sitting (thigh horizontal) in comparison with the waist or the wrist-worn
accelerometers such as ActiGraph [26]. The research-grade activity monitor,
ActivPAL3™ measures sitting/lying and upright (standing and walking) times, numbers

3™ monitor has

of sit-to-stand and stand-to-sit transitions and step counts. The ActivPAL
previously shown excellent ability to measure sitting and upright times, number of
postural transitions and step counts in healthy adults [27], people with disability [28], and
the elderly [28]. Although evidence suggests that the ActivPAL may be the gold standard
for measuring sedentary time [11,29], to date, no study has examined the validity of the

ActivPAL3™ in assessing sedentary behaviour in individuals with MS. Therefore, this

study aimed to evaluate:

1) the concurrent criterion validity of the ActivPAL3™

activity monitor for
measuring time spent in sitting and standing, and number of postural transitions

against direct observation in ambulatory patients with MS;

2) the concurrent criterion validity of the ActivPAL3™ and the Fitbit One activity
monitors for measuring step counts against direct observation in ambulatory

patients with MS.
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3.2 Methods

3.2.1 Study Design

This methodological study utilized a concurrent criterion validity design. Ethical
approval was granted by the institutional Health Research Ethics committee of the

University of Alberta (Pro00067657 AME?2).

3.2.2 Participants

Participants were included if they met the following criteria: (1) aged > 18 years
old; (2) confirmed diagnosis of MS of at least one-year duration; (3) stable in terms of
disease-modifying drugs and rehabilitation over the previous 6 months; and (4) able to

walk 10 meters with or without a walking aid.

3.2.3 Recruitment

Thirty-two participants were recruited through the MS Clinic at the University of
Alberta via posters and flyers, as well as website announcements at the MS Society of
Alberta. Participants were screened on the phone to ensure they met the inclusion criteria
and received the study information letter by email. Participants who met inclusion criteria

and agreed to participate were enrolled.

3.2.4 Study Procedures and Data Collection

Prior to data collection, all included monitors were assessed for functionality by

the researcher (GM). First, all ActivPALs3™ and Fitbits were connected to the same

3TM

computer to synchronize the time on the devices. Each ActivPAL3 " was set up and worn
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by the researcher (GM) as per the manufacturer’s instructions (anterior mid-thigh). The
researcher then performed different activities including sitting, standing, stepping, sit-to-
stand, and stand-to-sit postural transitions for 30 minutes. Following that, all Fitbit
activity trackers were attached to the researcher’s waist for 30 minutes to record the
number of steps. The start and end time for each activity were directly recorded from the
computer by the researcher (direct observation). It was then compared with the
ActivPAL3™ and Fitbit monitors’ recorded start and end times to assess the accuracy of
each device against direct observation. The monitors were included in the study if the
accuracy of the devices was > 95 % (research-grade) [27] and > 90 % (consumer-grade)
[30] compared to direct observation by the researcher. This preliminary testing of the

activity monitors was done once prior to the start of data collection.

Participants were invited to a 1.5-hour data collection session. The research study
was explained to them and any questions and/or concerns were addressed. All participants
signed the consent form prior to taking part in the study. Demographic data and physical
characteristics of participants including age, sex, self-reported height and weight, and use
of assistive devices were obtained. Participants were categorized into two different groups

based on the use of walking aids.

The researcher examined the strength of participants’ legs with a manual muscle

test to determine the stronger leg. One ActivPAL3™

monitor and two Fitbit One activity
trackers were then initialized and positioned on the participant as follows. The
ActivPAL3™ monitor was attached to the midline of the anterior aspect of the
participant’s stronger thigh by waterproof non-allergic adhesive pads (Tegaderm, 3M

Company, Canada). Two Fitbit Ones were attached to the participants’ stronger side at

the following locations: (i) on the waistband, just above the greater trochanter (Fitbit —
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Waist) by a clip, and (ii) on the ankle, just above the lateral malleolus (Fitbit — Ankle) by
an elastic band. Waist attachment was in accordance with the manufacturers’ guidelines.
A video camera was set up and connected to the same computer as the monitors, to
synchronize the time on each of the devices. After synchronization, the video camera was

placed appropriately to capture the different movement activities during the session.

Participants performed a series of tasks (Table 3-1) including sitting, standing,
walking, sit-to-stand, and stand-to-sit transitions. Based on the ActivPAL3™
manufacturer’s settings, a minimum seated duration of 10 seconds and a minimum
upright duration of 10 seconds is required to register a sitting or standing event by the
ActivPAL3™ [31]. Therefore, the participants were asked to perform the 5-repeated chair
postural transition test, incorporating a hold of at least 10 seconds between transitions.
Instructions and the starting cue such as “Are you ready? 3, 2, 1, start,” was given before

each task. Participants were given adequate rest between each test.

Finally, participants completed a 6-minute walk test using a standard protocol [32]
on a 30-meter track. The researcher (GM) walked slightly behind and to the side of the
participant. Participants were instructed to stand still for 1-minute prior to and after the
6-minute walk, to mark the start and stop times accurately. The start and end time of the

walking test was also expressed verbally and recorded onto video.
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Table 3-1: Tasks performed by participants

Posture/Movement Activity and timing Measurement

Sitting Sitting on a chair for 5 ActivPAL3™; Direct observation
minutes

Standing Standing still for 5 ActivPAL3™,; Direct observation
minutes

Stepping 6-minute walk test ActivPAL3™; Direct observation;

Fitbit One
Sit-to-Stand and Stand- 5 repetitions of postural ~ ActivPAL3™; Direct observation
to-Sit Transitions transitions

3.2.5 Instruments

ActivPAL3™ is a small (3.5 cm x 5.3 cm x 0.7 cm), light-weight (15 grams),
triaxial, research-grade physical activity monitor. It measures accelerations of the thigh
at a sampling frequency of 20 Hertz with signal generation related to thigh inclination
[33]. The device summarizes data in 15-second intervals (epochs) over a 24-hour period
[34] and provides output for body postures (lying/sitting, standing, and stepping) using a
proprietary algorithm in the manufacturer-provided software. In general, the
ActivPAL3™ measures time spent in sedentary behaviour (sitting or lying), and upright
positions (standing and walking), numbers of sit-to-stand and stand-to-sit transitions, and

step counts [33].

The Fitbit One activity tracker is a light-weight (8 grams) and small (4.8 x 1.9 cm
x 1.0 cm), triaxial, consumer-grade accelerometer that records steps, stairs climbed,
distance travelled, sleep, and calories burned. It is a relatively affordable device that can
provide real time feedback on either the device itself, on a smartphone or via simple
software accessed by the internet. The device summarizes data in 60-second intervals

(epochs).
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Direct observation derived from a digital video camera (HDR-PJ270, Sony
Corporation, Japan) was used as a criterion measure for all the sedentary and physical
activities. Procedures related to direct observation were as follows. Two researchers
viewed the videos independently and timed sitting and standing, counted the number of
postural transitions, and calculated the step counts during the 6-minute walk test. A hand-
held step counter (H102-4, Keihoku Keiki Kogyo Co. Ltd., Tokyo, Japan) was used for
counting steps. There was no difference in recorded sitting and standing times, and
number of postural transitions between two researchers. The number of steps typically
differed by one or two steps and was mainly due to the classification of when a step
occurred at the end of the 6-minute walk test. The step counts were recounted until

consensus was achieved for cases of dissimilar counts.

3.2.6 Data Analysis

Data from the ActivPAL3™, the Fitbits, and the video camera were downloaded
to a computer for analysis using Professional Research Edition software (PAL Software
Suite Version 8), Fitabase (Small Steps Labs LLC), and VLC Media Player (version
2.2.6), respectively. All data from the activity monitors were downloaded to Excel and

exported to SPSS statistical package Version 24 (Armonk, New York, USA, IBM Corp).

Descriptive statistics were calculated including means and standard deviations for
each continuous variable (sitting time, standing time and number of postural transitions)

and percentage for categorical variables.

The ActivPAL3™ reports transitions and postural information (unlike Fitbit) thus
the wvalidity of transitions and time in certain postures is only reported for the

ActivPAL3™, Mean, standard deviation and proportion (percentage) were used to
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determine validity of the ActivPAL3™ for measuring sitting and standing times and
number of postural transitions against direct observation. Validity of the ActivPAL3™
and the Fitbit Ones (ankle and waist placement) for measuring step counts against direct

observation was tested in several ways including Intraclass correlation coefficients (ICC),

mean absolute percentage error (MAPE?), and Bland-Altman plots.

ICCs for continuous data were used to compare:

1) the total step counts recorded by the ActivPAL3™ with the steps derived from direct

observation during the 6-minute walk;

2) the total step counts recorded by the Fitbit Ones with the steps derived from direct

observation during the 6-minute walk;

3) the total number of steps recorded by the ActivPAL3™ with total step counts recorded

by the Fitbit Ones during the 6-minute walk.

ICC estimates and their 95% confidence intervals were calculated based on a
single rater (k = 1), absolute-agreement, 2-way mixed-effects model. An ICC value >
0.90 was defined as “excellent”, an ICC value between 0.75 and 0.90 (0.75 <ICC <£0.90)
was defined as “good”, an ICC value between 0.50 and 0.74 (0.50 < ICC < 0.74) was
defined as “moderate”, and an ICC value less than 0.50 (ICC < 0.50) was defined as

“poor” [35].

3 Mean absolute percentage error
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The mean absolute percentage error ([|activity monitor recorded steps - direct
observation|/direct observation] x 100) was also calculated for the number of steps from
the devices to show the magnitude of error for each device against direct observation.
Bland—Altman plots were used to provide a visual illustration of agreement between the
different measurements [36]. Small mean differences and narrow limits of agreement in

Bland—Altman plots indicated greater agreement.

Measured variables from the devices were reported in three groups; the full

sample, people who use walking aids and people without walking aids.

3.3 Results

Thirty-two (28 females and 4 males) ambulatory adults with MS participated. The
data for one participant did not match the time frame of direct observation, thus data from

thirty-one participants were analyzed. Participant characteristics are outlined in Table 3-

2.

Table 3-2: Participants’ characteristics (n = 31)

Characteristics Mean (SD) or n (%) Range
Age (years) 49 (9.6) 29-65
Sex (female) 28 (90.3 %)

Weight (kg) 74.7 (15.3) 45-109
Height (m) 1.6 (0.1) 1.5-1.8
Body Mass Index (kg/m?) 27.6 (5.1) 19-37
Uses Cane (unilateral or bilateral) 8 (25.8 %)

Uses Walker 5(16.1 %)

n: Number of participants, SD: Standard Deviation; kg: Kilogram; m: Meter
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The majority of participants (n = 25) were middle-aged and 22 out of 31 were
classified as overweight or obese as defined by a body mass index > 25. Eighteen

participants (58%) used no walking aids.

Sitting and standing times were accurately recorded by the ActivPAL3™ 100%
of the time for all participants (Table 3-3). Sit-to-stand (Up) and stand-to-sit (Down)

transitions were recorded accurately in 24 and 23 participants, respectively (Table 3-3).

Table 3-3: Averages for the duration of postures and number of transitions
recorded by the ActivPAL3TM and direct observation

Variables Direct observation ActivPAL3™
(n=31) (n=31)
Mean = (SD) Mean (SD) or n (%)
Sitting time (seconds) 300 = (0) 300 + (0)
Standing time (seconds) 300 = (0) 299.9 + (0.1)
Number of sit-to-stand *5 5 out of 5 24 (77%)
transitions 4 out of 5 4 (12.9%)
2 out of 5 1 (3.2%)
1 out of 5 2 (6.4%)
Number of stand-to-sit *5 Soutof5 23 (74.1%)
transitions 4 out of 5 4 (12.9%)
3 out of 5 2 (6.4%)
2 out of 5 1 (3.2%)
0 out of 5 1 (3.2%)

n: Number of participants; SD: Standard Deviation.

*All participants performed 5 postural transitions.

The number of transitions recorded by the ActivPAL3™ out of 5 directly observed transitions and the
number of participants for each recorded number of transitions is shown above.

The number of steps recorded during the 6-minute walk by each of the
measurement devices is summarized in Table 3-4. In comparison with direct observation,

the ActivPAL3™ underestimated the number of steps for all but 3 participants. The
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ActivPAL3™ underestimated steps by an average of 12 in people without walking aids
and 18 steps in people with walking aids (Table 3-4). The Fitbit Ones, regardless of
placement on the waist or ankle, underestimated the number of steps in all participants
during the 6-minute walk. On average, the waist-worn Fitbit One underestimated the
number of steps taken by 24 and 61 steps in individuals without and with walking aids,
respectively (Table 3-4). The ankle-worn Fitbit One underestimated step counts by 41
steps in those who used walking aids and 61 steps in those without walking aids (Table
3-4).

Table 3-4: Step count during the 6-minute walk as measured by direct observation,
the ActivPAL3TM and Fitbit One Locations

Variables Full sample No Walking aids Use of Walking aids
n=31 n=18 n=13
Mean (SD) Range Mean (SD) Range Mean (SD) Range
DO steps (Counts)  625.6 (117.5)  369-862 6843 (86.0)  551-862 544.2(1082)  369-728
AP steps (Counts) 611.2 (121.2) 354-848 672.6 (81.6) 550-848 526.1 (117.6) 354-722
FBw steps (Counts) 586.2 (146.2)  248-848 660.7(93.3)  513-848 483 (145.8) 248-721
FBa steps (Counts) 573.4 (105.1) 342-750 623.7 (80.2) 481-750 503.7 (97.4) 342-694

AP: ActivPAL3™; DO: Direct Observation; FBw: Waist-worn Fitbit; FBa: Ankle-worn Fitbit; SD:
Standard Deviation; n: Number of participants

The mean absolute percentage error (MAPE) for the steps recorded by the
ActivPAL3™ and the Fitbit Ones against direct observation is shown in Figure 3-1. The
ActivPAL had the smallest MAPE in all 3 groups (Figure 3-1). The waist-worn Fitbit One
had smaller MAPE than the ankle-worn Fitbit One in persons who didn’t use walking
aids. A smaller MAPE for the ankle-worn Fitbit One in comparison with the waist-worn

Fitbit One was observed in individuals with walking aids (Figure 3-1).
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Figure 3-1: Mean absolute percentage error for the steps from the ActivPAL3™
and the two Fitbit locations against direct observation.

AP: ActivPAL; FBw: Waist-worn Fitbit; FBa: Ankle-worn Fitbit; MAPE: Mean Absolute Percentage
Error; n: Number of participants

ICCs for the ActivPAL3™ and the Fitbit Ones against direct observation are
shown in Table 3-5. There was good agreement (ICC: 0.90, CI: 0.78-0.95) between the
ActivPAL3™ and the waist-worn Fitbit One and good agreement (ICC: 0.75, CI: 0.49-
0.88) between the ActivPAL3™ and the ankle-worn Fitbit One for step counts. The waist-
worn Fitbit One was also in good agreement (ICC: 0.76, CI: 0.56-0.87) with the ankle-

worn Fitbit One for measurement of steps.

98



Table 3-5: ICC for the ActivPAL3TM and the Fitbits against direct observation

Step counts against Whole sample No walking aids Use of walking aids
direct observation (n=31) (n=18) (n=13)
ICC 95% CI 1ICC 95% CI ICC 95% CI
ActivPAL 0.98 (0.90-0.99) 0.97 (0.87-0.99) 0.97 (0.79-0.99)
Fitbit-waist 0.88 (0.60-0.95) 0.94 (0.48-0.98) 0.76 (0.21-0.93)
Fitbit-ankle 0.72 (0.31-0.88) 0.33 (-0.07-0.66) 0.89 (0.08-0.97)

ICC: Intraclass Correlation Coefficient; CI: Confidence Interval; n: Number of participants

Bland-Altman plots which provide a visual illustration of the agreement between
the devices and direct observation for measuring steps in the whole sample are shown in
Figure 3-2. The mean difference between the steps recorded by direct observation and the
devices, as well as between devices, and their 95% limits of agreement are shown in Table
3-6. For the ActivPAL3™, the mean difference was smaller, and the limits of agreement
narrower than those for the Fitbit Ones (Figure 3-2 and Table 3-6). The waist-worn Fitbit
One had smaller mean difference and narrower limits of agreement than the ankle-worn
Fitbit One (Figure 3-2 and Table 3-6). The Bland-Altman plots were in agreement with

the ICCs and the MAPE for the full sample.

The mean difference between the ActivPAL3™ and the waist-worn Fitbit One
was smaller, and their limits of agreement were narrower than between the ActivPAL3™
and the ankle-worn Fitbit One (Figure 3-2 and Table 3-6). These findings were in

accordance with the ICC results.
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Figure 3-2: Bland-Altman plots comparing step counts over a 6-minute walk test
for the ActivPAL3TM and the two Fitbit One Locations.

(A) Comparison between the ActivPAL3TM and direct observation, (B) Comparison
between the waist-worn Fitbit One and direct observation, (C) Comparison between the
ankle-worn Fitbit One and direct observation, (D) Comparison between the ActivPAL3™
and the waist-worn Fitbit One, (E) Comparison between the ActivPAL3™ and the ankle-
worn Fitbit One, (F) Comparison between the waist-worn Fitbit One and the ankle-worn
Fitbit One. The middle line indicates the mean difference between the two measures,
upper and lower lines indicate the limits of agreement (+1.96 standard deviations of the
mean difference).

AP: ActivPAL3™; FBw: Waist-worn Fitbit One; FBa: Ankle-worn Fitbit One

Table 3-6: Bland—Altman mean differences and limits of agreement from the
devices against direct observation and the devices against each other for
measuring step counts during the 6-minute walk

ActivPAL3™ Fitbit-waist Fitbit-ankle
MD 95% LoA MD 95% LoA MD 95% LoA
Direct 14.3 (-19.3, 48.0) 393 (-61.6, 140.3) 52.1 (-87.1,191.4)
observation
ActiVPAL3™ 23.1 (-83.2,129.4) 36.5 (-109.3,182.4)
Fitbit-waist 25 (-81.6, 131.6) 12.8 (-160.4, 186)
Fitbit-ankle 37.8 (-106.2, 181.8) 12.8 (-160.4, 186)

MD: Mean Difference; LoA: Limits of Agreement

3.4 Discussion

The results of this study provide concurrent validity evidence supporting the use
of the ActivPAL3™ for measurement of sedentary behaviour (sitting time), standing time
and step counts in ambulatory patients with MS. Moreover, results support the use of the
waist- and the ankle-worn Fitbit Ones for the measurement of steps in the MS population.
However, the waist-worn Fitbit One provided more accurate results in people who did
not use walking aids while the ankle-worn Fitbit One performed better in individuals with

walking impairment and consequently, the use of assistive devices such as cane or walker.

103



Results of our study regarding the recorded sitting and standing times by the
ActivPAL are similar to Taraldsen et al. [28] who found that the ActivPAL accurately
recorded both sedentary and standing times in all participants (i.e. patients with stroke
and the elderly). The results were also in agreement with the results of Larkin et al. [37]
and Sellers et al. [27] who reported the ActivPAL as a valid measure of sedentary and
standing times in patients with rheumatoid arthritis (MAPE: 1.4% and 8.4% for sitting
and standing times, respectively) and adults and young people (percentage error within +

5% of direct observation), respectively.

The ActivPAL accurately recorded the number of postural transitions (5 out of 5)
in approximately 75% of the participants in the current study which is less than Taraldsen
et al. [28] who reported that the device accurately recorded postural transitions 100% of
the time. The accuracy of the ActivPAL for measurement of postural transitions we
observed was more similar to Larkin et al. [37] who reported the device underestimated
transition counts by 36%. The variability in the reported rates of postural transitions
across the studies may be related to the differences in the range of motion of leg joints
which can be caused by many factors such as muscle weakness, stiffness or spasticity and
reduced dynamic stability in patients with MS and rheumatoid arthritis. These factors
may influence the proper thigh inclination and therefore, the ability of the ActivPAL to
differentiate sitting from standing accurately leading to underestimation of the number of

postural transitions.

In regard to step counts, the MAPE for the ActivPAL3™ in our study was 2.3%.
This means that for 1000 steps the device misses approximately 23 steps on average,
which indicates high accuracy of the ActivPAL3™ for the measurement of steps in the

3TM

MS population. The magnitude of error for the ActivPAL3 "™ was higher in people who
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used walking aids. Our results are similar to the findings of Coulter et al. [38] who
reported that the ActivPAL3™ was valid for the measurement of upright time and step
count in patients with MS. However, our study extends the findings by Coulter and
colleagues [38] by the assessment of the validity of the ActivPAL3™ for all the recorded
parameters including sedentary time, standing time, numbers of postural transitions as
well as steps in patients with MS. Our results were also in agreement with the findings of

Seller et al. [27] who reported the MAPE of 3.4% in adults and 5.4% in young people.

Impaired knee and ankle control and reduced movements and range of motion in
both joints that affect gait are common in patients with MS [18,39]. Previous studies with
assessment of gait patterns in individuals with MS showed reduced step length and gait
speed [24,40-42]. This may contribute to the underestimation of step counts by the

ActivPAL and the Fitbit Ones in the majority of the participants in the current study.

In general, the MAPE for the waist-worn Fitbit One (6.2%) was smaller than the
ankle-worn Fitbit One (8.3%) which indicated higher accuracy of the waist-worn Fitbit
One in measuring steps in our sample. The results of our study regarding the ankle-worn
Fitbit One are similar to findings by Simpson et al. [23], Treacy et al. [22] and Klassen et
al. [43] who reported that the ankle-worn Fitbit One had significantly less error than the
waist-worn Fitbit One in measuring steps in slow-walking older adults [23], slow-walking
patients admitted to rehabilitation setting [22] and patients with stroke [43]. These
findings may be explained by the ability of the ankle-worn device to record small
accelerations compared to the waist-worn device. Accelerations at the ankle are perhaps
greater than the accelerations at the hip during leg swing in slow-walking individuals and
therefore, the ankle-worn device is more likely to record steps than the waist-worn Fitbit

One in people who walk slowly. On the other hand, our findings regarding the waist-worn
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Fitbit One were in agreement with the results reported by Takacs et al. [44], Paul et al.
[21], and Floegel et al. [45] who found that the waist-worn Fitbit One was valid for
measuring the number of steps in healthy adults, older adults without walking
impairment, and the elderly with varied ambulatory abilities who don’t use assistive
devices. Our results are also similar to a systematic review of all Fitbit devices [46] that
indicated a trend of underestimating steps in Fitbit studies in controlled settings. The
study [46] demonstrated a greater tendency of the Fitbit activity trackers to accurately
measure steps during normal walking speed with torso placement, and during slow

walking with ankle placement.

Based on our results, the ActivPAL3™ had the highest agreement for steps taken
compared with direct observation. In addition, the mean difference in Bland-Altman plots
for the ActivPAL3™ was smaller and the limits of agreement were narrower than the
plots for the Fitbit Ones. Treacy et al. [22] found a higher level of agreement between
direct observation and an ankle-worn Fitbit One than between the ActivPAL and directly-
observed steps in patients admitted in general and stroke rehabilitation wards, which is in
contrast with our findings. This could be due to the fact that patients with MS have
different walking patterns compared with the patients with stroke, which could affect the
accuracy of the ankle-worn Fitbit One and the ActivPAL for capturing steps. Storm et
al. [47] also reported higher agreement between the waist-worn Fitbit One and visually
counted steps than between the ActivPAL and steps counted by the researcher. These
different findings could be potentially explained by differences in the populations under
study which may be a function of walking speed, walking pattern, or device placement

and, therefore, the accuracy of the devices for recording steps. The results of our study
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cannot be generalized to other populations due to individual differences and

characteristics.

3.5 Limitations

There are limitations to this study. Our sample size was relatively small and most
of our participants were females with MS, therefore, the validity of the devices could be
different in a male-dominant sample [48]. However, the majority of the MS population is
female [49]. Our study was performed in a laboratory setting in which participants walked
through a straight line in a hall-way. Greater errors may have been observed if walking
had been assessed in a free-living environment. Additionally, our protocol encompassed
a short walking test, therefore it is possible that smaller errors would have been observed
over a longer walking distance. Lastly, we did not measure gait speed and cadence so in
the future validity of the Fitbit One in individuals with MS with various gait speeds should

be examined.

3.6 Conclusion

The ActivPAL3™ demonstrated adequate concurrent validity for the
measurement of sedentary behaviour in patients with MS. The device also appears
accurate for measuring step count, which is the main form of physical activity performed
by people with MS. The waist- and the ankle-worn Fitbit One positions were accurate for
measuring step count. However, the ankle-worn Fitbit One is recommended for patients
with MS who experience difficulty walking or use assistive devices as this placement
performed better in people who walk slowly. Furthermore, the waist-worn Fitbit One may

provide a more accurate daily record of steps in people with MS without the use of
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walking aids. Future studies are recommended within free-living environments with

larger samples of patients with MS, especially those with mobility impairments.

Acknowledgments

The authors would like to thank Jacqueline Rowley and Sarah Norton for their

help with data collection in this project.

Conflict of Interest

The authors declare that there is no conflict of interest.

Funding

This work was supported by the Alberta Innovates Novartis Translational

Research Fund.

108



[4]

[7]

References:

Marrie RA, Reider N, Cohen J, Stuve O, Trojano M, Cutter G, et al. A systematic
review of the incidence and prevalence of cardiac, cerebrovascular, and peripheral

vascular disease in multiple sclerosis. Mult Scler 2015;21:318-31.

Sutliff MH. Contribution of impaired mobility to patient burden in multiple

sclerosis. Curr Med Res Opin 2010;26:109-19.

Myhr KM, Vedeler C, Grenning M, Nyland HI, Riise T, Midgard R. Disability and
prognosis in multiple sclerosis: Demographic and clinical variables important for

the ability to walk and awarding of disability pension. Mult Scler 2001;7:59-65.

Marrie RA, Reider N, Cohen J, Stuve O, Trojano M, Cutter G, et al. A systematic
review of the incidence and prevalence of cardiac, cerebrovascular, and peripheral

vascular disease in multiple sclerosis. Mult Scler 2015;21:318-31.

Motl RW, McAuley E, Sandroff BM, Hubbard EA. Descriptive epidemiology of

physical activity rates in multiple sclerosis. Acta Neurol Scand 2015;131:422-5.

Ezeugwu V, Klaren RE, A Hubbard E, Manns PT, Motl RW. Mobility disability
and the pattern of accelerometer-derived sedentary and physical activity behaviors

in people with multiple sclerosis. Prev Med Reports 2015;2:241-6.

Sasaki J, Motl R, Cutter G, Marrie R, Tyry T, Salter A. National estimates of self-
reported sitting time in adults with multiple sclerosis. Mult Scler J - Exp Transl

Clin 2018;4:205521731875436.

109



[10]

[11]

[12]

[13]

[14]

[15]

[16]

LaPorte RE, Montoye HJ, Caspersen CJ. Assessment of physical activity in
epidemiologic research: problems and prospects. Public Health Rep

1985;100:131-46.

Bussmann JBJ, Ebner-Priemer UW, Fahrenberg J. Ambulatory activity

monitoring. Eur Psychol 2009;14:142-52.

Hills AP, Mokhtar N, Byrne NM. Assessment of physical activity and energy

expenditure: An overview of objective measures. Front Nutr 2014;1:5.

Hart TL, Ainsworth BE, Tudor-Locke C. Objective and subjective measures of

sedentary behavior and physical activity. Med Sci Sports Exerc 2011;43:449-56.

Motl RW, Snook EM, Agiovlasitis S, Suh Y. Calibration of accelerometer output
for ambulatory adults with multiple sclerosis. Arch Phys Med Rehabil

2009;90:1778-84.

Fanning J, Mullen SP, McAuley E. Increasing Physical Activity With Mobile

Devices: A Meta-Analysis. J] Med Internet Res 2012;14:e161.

Muntaner A, Vidal-Conti J, Palou P. Increasing physical activity through mobile

device interventions: A systematic review. Health Informatics J 2016;22:451-69.

Napolitano MA, Borradaile KE, Lewis BA, Whiteley JA, Longval JL, Parisi AF,
et al. Accelerometer use in a physical activity intervention trial. Contemp Clin

Trials 2010;31:514-23.

Ferguson T, Rowlands A V, Olds T, Maher C. The validity of consumer-level,

activity monitors in healthy adults worn in free-living conditions: a cross-sectional

110



[17]

[18]

[19]

[20]

[21]

[22]

[23]

study. Int J Behav Nutr Phys Act 2015;12:42.

Weikert M, Dlugonski D, Balantrapu S, Motl RW. Most common types of physical
activity self-selected by people with multiple sclerosis. Int J MS Care.

2011;13(1):16-20.

Kelleher KJ, Spence W, Solomonidis S, Apatsidis D. The characterisation of gait

patterns of people with multiple sclerosis. Disabil Rehabil 2010;32:1242-50.

Balto JM, Kinnett-Hopkins DL, Motl RW. Accuracy and precision of smartphone
applications and commercially available motion sensors in multiple sclerosis. Mult

Scler J - Exp Transl Clin 2016;2:2055217316634754.

Diaz KM, Krupka DJ, Chang MJ, Peacock J, Ma Y, Goldsmith J, et al. Fitbit(R):
An accurate and reliable device for wireless physical activity tracking. Int J Cardiol

2015;185:138-40.

Paul SS, Tiedemann A, Hassett LM, Ramsay E, Kirkham C, Chagpar S, et al.
Validity of the Fitbit activity tracker for measuring steps in community-dwelling

older adults. BMJ Open Sport Exerc Med 2015;1:¢000013.

Treacy D, Hassett L, Schurr K, Chagpar S, Paul SS, Sherrington C. Validity of
different activity monitors to count steps in an inpatient rehabilitation setting. Phys

Ther 2017;97:581-8.

Simpson L, Eng J, Klassen T, Lim S, Louie D, Parappilly B, et al. Capturing step
counts at slow walking speeds in older adults: Comparison of ankle and waist

placement of measuring device. J Rehabil Med 2015;47:830-5.

111



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Filli L, Sutter T, Easthope CS, Killeen T, Meyer C, Reuter K, et al. Profiling
walking dysfunction in multiple sclerosis: Characterisation, classification and

progression over time. Sci Rep 2018;8.

Balaban B, Tok F. Gait disturbances in patients with stroke. PM R 2014;6:635-42.

Byrom B, Stratton G, Mc Carthy M, Muehlhausen W. Objective measurement of

sedentary behaviour using accelerometers. Int J Obes 2016;40:1809—12.

Sellers C, Dall P, Grant M, Stansfield B. Validity and reliability of the activPAL3
for measuring posture and stepping in adults and young people. Gait Posture

2016;43:42-7.

Taraldsen K, Askim T, Sletvold O, Einarsen EK, Bjastad KG, Indredavik B, et al.
Evaluation of a body-worn sensor system to measure physical activity in older

people with impaired function. Phys Ther 2011;91:277-85.

Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. Validation
of wearable monitors for assessing sedentary behavior. Med Sci Sports Exerc

2011;43:1561-7.

Battenberg AK, Donohoe S, Robertson N, Schmalzried TP. The accuracy of

personal activity monitoring devices. Sem Arthroplasty 2017;28:71-5.

PAL Technologies Ltd. ActivPAL*™ operating guide. Glas PAL Technol Ltd;

2010.

Goldman MD, Marrie RA, Cohen JA. Evaluation of the six-minute walk in

multiple sclerosis subjects and healthy controls. Mult Scler J 2008;14:383-90.

112



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Kim Y, Barry VW, Kang M. Validation of the ActiGraph GT3X and activPAL
accelerometers for the assessment of sedentary behavior. Meas Phys Educ Exerc

Sci 2015;19:125-37.

Ryan CG, Grant PM, Tigbe WW, Granat MH. The validity and reliability of a
novel activity monitor as a measure of walking. Br J Sports Med 2006;40:779 LP

—784.

Koo TK, Li MY. A Guideline of selecting and reporting Intraclass Correlation

Coefficients for reliability research. J Chiropr Med 2016;15:155-63.

Bland JM, Altman DG. Statistical methods for assessing agreement between two

methods of clinical measurement. Lancet (London, England) 1986;1:307—-10.

Larkin L, Nordgren B, Purtill H, Brand C, Fraser A, Kennedy N. Criterion validity
of the activPAL activity monitor for sedentary and physical activity patterns in

people who have Rheumatoid Arthritis. Phys Ther 2016;96:1093—101.

Coulter EH, Miller L, McCorkell S, McGuire C, Algie K, Freeman J, et al. Validity
of the activPAL3 activity monitor in people moderately affected by Multiple

Sclerosis. Med Eng Phys 2017;45:78-82.

Van der Linden ML, Scott SM, Hooper JE, Cowan P, Mercer TH. Gait kinematics
of people with Multiple Sclerosis and the acute application of Functional Electrical

Stimulation. Gait Posture 2014;39:1092—-6.

Kelleher KJ, Spence W, Solomonidis S, Apatsidis D. The characterisation of gait

patterns of people with multiple sclerosis. Disabil Rehabil 2010;32:1242-50.

113



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Benedetti MG, Piperno R, Simoncini L, Bonato P, Tonini A, Giannini’ S. Gait
abnormalities in minimally impaired multiple sclerosis patients. Mult Scler

1999;5:363-8.

Lizrova Preiningerova J, Novotna K, Rusz J, Sucha L, Ruzicka E, Havrdova E.
Spatial and temporal characteristics of gait as outcome measures in multiple

sclerosis (EDSS 0 to 6.5). J Neuroeng Rehabil 2015;12:14.

Klassen TD, Semrau JA, Dukelow SP, Bayley MT, Hill MD, Eng JJ. Consumer-
Based physical activity monitor as a practical way to measure walking intensity

during inpatient stroke rehabilitation. Stroke 2017;48:2614—7.

Takacs J, Pollock CL, Guenther JR, Bahar M, Napier C, Hunt MA. Validation of
the Fitbit One activity monitor device during treadmill walking. J Sci Med Sport

2014;17:496-500.

Floegel TA, Florez-Pregonero A, Hekler EB, Buman MP. Validation of consumer-
based hip and wrist activity monitors in older adults with varied ambulatory

abilities. J Gerontol A Biol Sci Med Sci 2017;72:229-36.

Feehan LM, Geldman J, Sayre EC, Park C, Ezzat AM, Young Yoo J, et al.
Accuracy of fitbit devices: Systematic review and narrative syntheses of

quantitative data. JMIR MHealth UHealth 2018;6.

Storm FA, Heller BW, Mazza C. Step detection and activity recognition accuracy

of seven physical activity monitors. PLoS One 2015;10:e0118723.

Van Domelen DR, Caserotti P, Brychta RJ, Harris TB, Patel K V, Chen KY, et al.

114



Is there a sex difference in accelerometer counts during walking in older adults? J

Phys Act Health 2014;11:626-37.

[49] Harbo HF, Gold R, Tintora M. Sex and gender issues in multiple sclerosis. Ther

Adv Neurol Disord 2013;6:237-48.

115



CHAPTER 4. Comparison of Fitbit One and
ActivPAL3™ in adults with multiple sclerosis in a free-

living environment

Golnoush Mehrabani, Douglas P. Gross, Saeideh Aminian, Patricia J. Manns

Submitted to Journal for the Measurement of Physical Behaviour on November 27, 2020
and received minor revisions after the first review. The revised manuscript was submitted
on March 31%, 2021 and was accepted on May 13, 2021. This Chapter is formatted

according to the specifications of Journal for the Measurement of Physical Behaviour.

116



Abstract

Walking is the most common and preferred way for people with multiple sclerosis (MS)
to be active. Consumer-grade wearable activity monitors may be used as a tool to assist
people with MS to track their walking by counting the number of steps. We evaluated the
validity of Fitbit One activity tracker in individuals with MS by comparing step counts
measured over a 7-day period against ActivPAL3™., Twenty-five ambulatory adults with
MS with an average age 51.7 (10.2) years and gait speed 0.98 (0.47) metres/seconds,
median EDSS 5.5 (2.5-6.5), and 15 years post-MS diagnosis wore Fitbit One (using both
waist and ankle placement) and ActivPAL3™ for 7 consecutive days. Validity of Fitbit
One for measuring step counts against ActivPAL3™ was assessed using Intraclass
correlation coefficients (ICC), Bland-Altman plots and t-tests. Regardless of wearing
location (waist or ankle), there was good agreement between steps recorded by Fitbit One
and ActivPAL3™ [ICC: 0.86 (0.82, 0.90)]. The ankle-worn Fitbit measured steps more
accurately [ICC: 0.91 (0.81, 0.95)] than the waist-worn Fitbit [ICC: 0.81 (0.62, 0.85)]
especially in individuals (n = 12) who walked slowly (gait speed = 0.74 m/s). Fitbit One
as a user-friendly, inexpensive, consumer-grade activity tracker can accurately record

steps in persons with MS in a free-living environment.

Keywords: Validity, Step counts, Physical activity, Activity monitor

117



4.1 Introduction

Regular physical activity leads to decreased risk of more than 25 chronic health
conditions including obesity, cancers and hypertension (Warburton & Bredin, 2017). In
people with multiple sclerosis (MS), physical activity is associated with reduction in rates
of MS relapses, improvement of MS symptoms, and slowed disability progression over
time (Dalgas & Stenager, 2012; Doring et al., 2011; Motl et al., 2008; Sandroff et al.,
2012). However, physical activity levels are significantly reduced in persons with MS
(Beckerman et al., 2010; Motl et al., 2005). The symptoms of MS such as fatigue, pain or
depression in addition to disability accumulation represent the primary explanation for
low levels of physical activity in the MS population (Crayton et al., 2004). These
manifestations make it difficult for patients with MS to achieve or maintain the
recommended amount of moderate-to-vigorous intensity physical activity (Motl, 2008;

Motl et al., 2011; Motl et al., 2010).

Precise measurement of physical activity is essential to identify current activity
levels, to assess changes in populations over time, and to evaluate the effectiveness of
interventions aimed at increasing activity levels. When considering the measurement of
physical activity in a population, it is important to identify the context in which the
majority of activity takes place. Walking is the most common mode of activity in the
context of a free-living environment and the preferred way to achieve physical activity
throughout the day in individuals with MS (Weikert et al., 2011). Thus, consumer-grade
wearable activity monitors may be an effective way of assisting individuals with MS to
track their walking activities by counting the number of steps, a surrogate for physical

activity levels (Balto et al., 2016). A valid consumer-grade activity tracker in a free-living
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condition has the potential to provide valuable information as it is easy to use and may be
beneficial for documenting individuals’ status in clinical care over time (Arvidsson et al.,
2019).

There are numerous consumer-grade wearable activity monitors on the market.
Many have been tested in people with disabilities, including those with MS. Fitbit devices
(Fitbit Inc, San Francisco, CA, USA) are amongst the most popular and user-friendly
ones. Balto et al. (2016) conducted a study in a laboratory-setting and reported the Fitbit
One as the most accurate and precise device in comparison with other consumer-grade
activity monitors for measuring steps in ambulatory adults with MS. Earlier studies
demonstrated the validity of the Fitbit One for measuring step counts in laboratory
settings in healthy adults (Diaz et al., 2015), the elderly (Paul et al., 2015; L. A. Simpson
et al., 2015) and patients admitted to rehabilitation wards (Treacy et al., 2017).
Furthermore, there is evidence regarding the validity of the Fitbit One for measurement
of steps in free-living environments in healthy adults (Ferguson et al., 2015; Middelweerd
etal., 2017), female adults (Reid et al., 2017), men with prostate cancer (Van Blarigan et
al.,, 2017), and stroke survivors (Hui et al., 2018). However, different gait patterns
including frequent bilateral gait deficits and/or slower walking (Filli et al., 2018) in
individuals with MS can impact activity tracker accuracy in a free-living environment.
Moreover, use of walking aids (e.g., cane or walker) which is also prevalent in people

with MS may influence the accuracy of the activity tracker.

Research-grade activity monitors provide more accurate activity data in
comparison to consumer-grade devices (Napolitano et al., 2010). However, they are more
expensive, less user-friendly and not accessible to the general public (Ferguson et al.,

2015; Napolitano et al., 2010), which limits their daily use outside the research context.

119



Some of the research-grade monitors such as ActivPAL3™ (PAL Technologies Ltd,
Glasgow, UK) are considered accurate for measuring the daily number of steps and have
been previously validated in adults (Sellers et al., 2016), young people (Sellers et al.,
2016), the elderly with impaired function (Taraldsen et al., 2011) and patients with stroke
(Taraldsen et al., 2011). There is also evidence regarding the validity of the ActivPAL3™
for measuring step counts in patients with MS with moderate disability in a laboratory-
setting depending on cadence and EDSS levels. (Coulter et al., 2017) It is unknown
whether the Fitbit One provides similar information to that gained from a research-based
monitor such as ActivPAL3™., Therefore, this study assessed the validity of the Fitbit
One activity tracker in persons with MS within a free-living environment by comparing

step counts measured over a 7-day period against ActivPAL3™,

4.2 Material and Methods

4.2.1 Study Design

We used a convergent validity design to compare step count measurement of a
consumer-grade activity monitor (i.e., Fitbit One) to a previously validated research-
grade accelerometer (i.e., ActivPAL3™). This study was part of a larger study called the
“SitLess with MS” intervention program, which focused on interrupting prolonged sitting
and replacing it with light-intensity physical activity during the day in ambulatory adults
with MS (Aminian et al., 2019). This project was approved by the Health Research Ethics
Board of the University of Alberta (# Pro000667657), the Northern Alberta Clinical
Trials and Research Centre, and the Alberta Health Services Edmonton Zone (operational

approval for recruitment through the Northern Alberta MS Clinic).
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4.2.2 Study Context

This study used data collected during the interim time point (Week 8) of the
“SitLess with MS” intervention. This was a 15-week activity promotion program where
individual weekly coaching sessions were provided to participants with MS (excluding
Weeks 0 and 15) to facilitate activity behaviour change and increase accountability and
compliance with the program. The intervention was 15 weeks in length and included
activity measurement (with a research-grade monitor) at baseline (Week 0), intervention
mid-point (Week 8) and post-intervention (Week 15) (Aminian et al., 2019). The activity
measurement at the interim time point, when the ActivPAL3™ and the Fitbit One were
worn simultaneously for a 7-day period, is the focus of this study. The 7-day interim
activity measurement period started at midnight after the first coaching session of the
“MoveMore” stage of the program and lasted until midnight before the second coaching
session of the “MoveMore” stage, which included 7 consecutive days (Week 8) (Aminian

et al., 2019).

4.2.3 Participants and Recruitment

Participants in the “SitLess with MS” program were recruited through community
programs and the Northern Alberta MS Clinic at the University of Alberta as detailed in
the protocol paper (Aminian et al., 2019). Participants were eligible for inclusion if they
were: 1) diagnosed with MS by a neurologist for at least one year; 2) aged 18 years or
over; 3) mild or moderately disabled (defined by Expanded Disability Status Scale
(EDSS) score of 1-6.5) (Kurtzke, 1983); 4) relapse-free within the previous 3 months;
and 5) able to walk 10 meters with or without a walking aid. Recruitment was done

through community programs and the Northern Alberta MS Clinic at the University of
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Alberta as described in the protocol paper (Aminian et al., 2019). All participants

provided written informed consent for participation in the “SitLess with MS” program.

4.2.4 Study Procedures and Data Collection

4.2.4.1 Procedure for activity data collection at baseline time point

Participant characteristics including age, sex, body mass index (BMI), MS-related
characteristics (i.e., type and duration), and disability status (defined by EDSS score)
were collected at the baseline measurement session of the “SitLess with MS”
intervention.

The Fitbit One was provided to each participant at the baseline measurement
session of the program. At that time, the Fitbit application was installed on their phone,
iPad, or laptop. The monitor was configured based on age, sex, height, and weight.
Participants received basic instructions at this baseline session including log-in
information as well as information about how to use the device and synchronize the Fitbit
to the computer. Written instructions were provided to supplement the teaching at the
baseline measurement session. Participants were asked to wear the Fitbit during all
waking hours throughout the full intervention (15 weeks) and to remove it during water-
based activities such as showering or swimming. A Fitbit log was given to each
participant and they were asked to record wake and bedtimes and any time they removed
the device for any reason. The intervention coach was able to view the participants' Fitbit
data and reminded them to wear it (if needed) during their weekly sessions. Participants

retained the Fitbit after intervention completion.

The Fitbit was worn either on the waist or the ankle, and placement was recorded.

Evidence indicates that the Fitbit One performs better when worn on the ankle if walking
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more slowly (Hui et al., 2018; Klassen et al., 2017; Treacy et al., 2017). Gait speed 0.80
meters/seconds appears to be the threshold where the accuracy of the Fitbit starts to
decrease. Thus, participants who walked at a gait speed < 0.80 meters/ seconds during the
10-meter walk test at the baseline measurement session of the “SitLess with MS” program

were directed to wear the device on a band around their ankle.

4.2.4.2 Procedure for activity data collection at interim time point

Participants wore the Fitbit, as described above, during the 7 days of data
collection at the interim time point. They also wore the ActivPAL3™, which was
initialized and mailed to them. An ActivPAL log was given to each participant to record
wake and bedtimes, and any instances that they removed the device for any reason. They
were instructed to attach the ActivPAL3™ to the midline of the anterior aspect of the
stronger thigh by waterproof non-allergic adhesive pads (Tegaderm, 3M Company,
Canada) and wear it at all times during the 7-day period. After completion of 7 full days
of activity monitoring, participants mailed the ActivPAL monitor along with the
ActivPAL log to the research team. The Fitbit was worn on the same side as the ActivPAL

(on either the waist or ankle).

4.2.5 Instruments

Fitbit One activity tracker is a small (4.8 x 1.9 cm x 1.0 cm) and lightweight (8 g)
triaxial accelerometer that uses proprietary algorithms to count steps, distance travelled,
stairs climbed, sleep, and calories burned. The Fitbit One can provide real-time feedback
on either the device itself, on a smartphone or through simple software accessed by the
internet (Fitbit website). The device collects data in 60-second intervals (epochs) and can

be attached to the hip, bra, or ankle.
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ActivPAL3™ activity monitor is a small (3.5 cm x 5.3 cm x 0.7 cm) and
lightweight (15 grams) triaxial accelerometer. The device measures thigh accelerations at
a sampling frequency of 20 Hertz (Kim et al., 2015). It summarizes data in 15-second
intervals (epochs) over a 24-hour period with the battery capacity allowing continuous
recording for 7-10 days (Ryan et al., 2006). The monitor uses proprietary analysis
algorithms in the manufacturer-provided software to determine posture (sitting time and

upright time) and stepping (stepping time and step counts).

4.2.6 Data Management and Analysis

Steps data from the Fitbit One and the ActivPAL3™ activity monitors were
downloaded to a computer for analysis, using Fitabase (Small Steps Labs LLC) and
Professional Research Edition software (PAL Software Suite Version 8), respectively.

The number of valid days for the Fitbit One and the ActivPAL3™ activity
monitors throughout the 7 day-period were determined for each participant with the main
goal of determining the number of days where valid days from the two monitors matched.
A valid day for the Fitbit One was defined as one in which the Fitbit was worn for at least
10 hours (Gomersall et al., 2016; Middelweerd et al., 2017; Van Blarigan et al., 2017;
Wang et al., 2015) during the 24-hour period from 12 AM to 12 AM. We considered a
measurement day as “valid” when there was at least a 10-hour window between the time
when the first two steps were taken in the morning (wake time) and the time when the
last few steps were taken at night (bedtime). The participant’s log was reviewed after

preliminary analysis for confirmation of findings from the excel output.

A valid day for the ActivPAL3™ was defined as a day where the device reported

movement (standing or stepping) for at least 6 hours during wake time (Winkler et al.,
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2016). The Chastin method (Chastin et al., 2014) with a few adjustments was used to
determine wake and bedtimes. Wake time was defined as the first standing event after a
long continuous period > 2.5 hours of non-upright posture. Bedtime was defined by the
last standing event before a long continuous period > 3 hours of non-upright posture.
Standing or stepping with a duration of > 15 minutes occurring before 1:00 AM and after
a sedentary bout of > 2.5 hours was classified as waking time (van der Berg et al., 2016).
To verify wake and bedtimes, the log was also checked. The R package version 3.6.1.

(PAactivpal) (Lyden et al., 2017) was used to determine total daily step counts.

Participants who wore the Fitbit One for at least 3 valid days throughout the 7-day
period with 3 matching valid days for the ActivPAL were included in the analysis. Valid
days did not have to be consecutive. All analyzed data from the devices in the Excel
spreadsheets were exported to SPSS statistical package Version 24 (Armonk, New York,

USA, IBM Corp).

The total number of steps from the Fitbit One and the ActivPAL3™ during each
valid day was calculated for each participant. Descriptive statistics were presented as
mean per day and standard deviation for the number of steps recorded by the Fitbit One

activity tracker and the ActivPAL3™ during the 7-day free-living condition.

Validity of the Fitbit One for measuring step counts against the ActivPAL3™

was
examined in several ways including Intraclass correlation coefficients (ICC), Bland-
Altman plots and paired sample t-test. Intraclass correlation coefficients (ICC) for
continuous data and their 95% confidence intervals (95% CI) were used to determine the

level of correlation and agreement between the Fitbit One and the ActivPAL3™. A 2-

way mixed-effects model, absolute-agreement definition, and single rater type (k = 1)
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were used to determine convergent validity between the Fitbit One and the ActivPAL3™
for matched valid days of the 7-day time period. An ICC value > 0.90 was defined as
excellent, an ICC value between 0.75 and 0.90 (0.75 < ICC < 0.90) was defined as good,
an ICC value between 0.50 and 0.74 (0.50 < ICC < 0.74) was defined as moderate, and
an ICC value less than 0.50 (ICC < 0.50) was defined as poor (Koo & Li, 2016).
Bland-Altman plots were used to provide a visual representation of the
differences between the steps recorded by the Fitbit and the ActivPAL against the means
of the differences between the steps recorded by two devices in order to identify
systematic differences between the devices (Bland & Altman, 1986). A paired sample t-
test was also used to determine whether there is a statistically non-significant difference

between the number of steps recorded by the two devices.

The number of steps on matched valid days was compared. Then, the average
number of steps per valid day was calculated for each participant for the two devices and
was compared. All analyses were conducted in SPSS software version 24 at a significance

level of P < 0.05.

As discussed in the methods section, participants wore the Fitbit on either the
waist or the ankle, allowing a sub-group analysis according to monitor placement. In
addition, participants were divided into two groups based on their gait-speed: 1) Higher
gait-speed group (> 0.80 m/s) and 2) Lower gait-speed group (< 0.80 m/s) (Bohannon &
Williams Andrews, 2011). All analyses described above were repeated for both monitor

placement and both gait-speed groups.
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4.3 Results

Twenty-five participants (23 females and 2 males) out of the 41 ambulatory adults
with MS who participated in the “SitLess with MS” program had at least 3 matching valid
days between the two monitors. The other 16 participants in the “SitLess with MS”
program either didn’t have ActivPAL data (ActivPAL3™ didn’t record any data due to
malfunction) or 3 matching valid days between the two devices. Participant

characteristics are provided in Table 4-1.

Table 4-1: Participants’ characteristics (N = 25)

Characteristics Mean (SD) or n (%) Min/Max
Values
Age (years) 51.7 (10.2) 33-72
Sex (female) 23 (92%)
Weight (kilogram) 76.9 (16.5) 45-109
Height (metre) 1.6 (0.06) 1.5-1.8
Body Mass Index (kilograms /metre?) 28.6 (6.2) 17.2-44.3
Type of MS
Relapsing-remitting 16 (64%)
Secondary progressive 6 (24%)
Primary progressive 3 (12%)
MS Duration (years) 15.4 (12.4) 2-50
EDSS
Mild disability (EDSS < 4) 12 (48%) 2-3.5
Moderate disability (4 < EDSS<6.5) 13 (52%) 5.5-6.5
Median (IQR) 5.5 (2.5-6.5)
Uses Cane (unilateral, bilateral, or quad) 8 (32%)
Uses Walker 5 (20%)
Gait Speed (metres/second) * 0.98 (0.47) 0.03-1.71
Higher gait-speed group (n = 16) 1.28 (0.24) 0.83-1.71
Lower gait-speed group (n=9) 0.44 (0.25) 0.03-0.72

Note. N: Number; SD: Standard Deviation; IQR: Interquartile Range.
* The gait speed that was measured at the baseline session of the “SitLess with MS” program is reported.
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The majority of participants (n = 22) were middle-aged, diagnosed with relapsing-
remitting MS (n = 16) and had reported moderate levels of disability (n = 13). Sixteen out
of 25 were classified as overweight or obese as defined by a body mass index > 25.
Twelve participants (48%) used no walking aids.

The average number of steps recorded by the Fitbit One and the ActivPAL3™ for
participants with matched valid data and the average number of steps during valid days
are summarized in Table 4-2. The overall mean (SD), minimum and maximum absolute
differences between the ActivPAL3™ and the Fitbit One were 1237.3 (1182.4), 3, and

7002 steps, respectively (Table 4-2).
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Table 4-2: Daily and average step counts for each device and absolute differences between the devices during valid days

ActivPAL3™ step counts Fitbit One step counts Absolute Difference between the
devices
Mean (SD) Min Max  Mean (SD) Min Max
Mean (SD) Min Max
Day 1 (n=21)" 5005.3 (3141.6) 82 11708 4707.9 (3461.6) 72 11586 1301.1 (1221.8) 4 3747
Day 2 (n=24)" 4969.1 (2918.2) 60 10884 4770 (3051.7) 225 11116 1358.8 (1453.4) 105 7002
Day 3 (n=23)" 4746 (3057.2) 58 11778 4510.7 (3142.2) 160 10717 1115.1 (1044.3) 87 3891
Day 4 (n=23)" 4326.1 2671.7) 36 11674 4181.8(3146.3) 83 10311 1197.2 (1097.7) 23 4323
Day 5 (n=25)" 4991.6 (4087) 28 13718 4880.8 (4365.5) 65 13864 1260.2 (1272.3) 3 4465
Day 6 (n=21)" 4711.9 (3049) 34 12394 4331.7(3578.1) 126 12211 1333.6 (1190.5) 19 3972
Day 7 (n=18)" 4437.6 (2996.9) 66 11936 4194 (3316.4) 146 11593 1082 (1029.8) 8 3409
Average over valid days (n=25)  4752.5 (3126.5) 28 13718 4527.4(3418.7) 65 13864 12373 (1182.4) 3 7002

Note. n: Number of participants with valid data, SD: Standard Deviation

*The number of individuals who participated in the study was 25. However, the number of individuals with valid Fitbit data on each day was different from the number of
individuals with valid ActivPAL data on the same day. Therefore, n reflects the number of participants with both valid ActivPAL and Fitbit data on each day of the 7-day
period and is thus less than 25.
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The comparison (ICCs and t-test results) between the Fitbit One and the
ActivPAL3™ is shown in Table 4-3. In general, there was good agreement between the
Fitbit One and the ActivPAL3™ [overall average ICC = 0.86 (95% CI: 0.82, 0.90)] (Table
4-3). T-test results showed a statistically non-significant difference between the devices

(Table 4-3).

Table 4-3: Intraclass Correlation Coefficients and paired sample t-test between the
devices for daily stepcounts and the average step counts during valid days

Association between AP and FB ICC (95% CI) p-value tvalue p-value

Dayl (n=21)" 0.85(0.68,0.93) <0.001 -0.76 0.45
Day 2 (n=24)" 0.78 (0.55,0.89) <0.001 -0.48 0.63
Day 3 (n=23)" 0.88(0.74,0.94) <0.001 -0.73 0.46
Day 4 (n=23)" 0.84 (0.67,0.93) <0.001 -0.42 0.67
Day 5 (n=25)" 091 (0.85,0.96) <0.001 -0.32 0.75
Day 6 (n=21)" 0.86 (0.69,0.94) <0.001 0.99 0.33
Day 7 (n=18)" 0.89(0.73,0.95) <0.001 -0.69 0.49
Average over valid days 0.86 (0.82,0.90) <0.001 -1.65 0.10

Note. AP: ActivPAL3™; FB: Fitbit One; n: Number of participants with valid Fitbit and ActivPAL data;
ICC: Intraclass Correlation Coefficients; CI: Confidence Interval, P: level of significance (< 0.05)

*The number of individuals who participated in the study was 25. However, the number of individuals with
valid Fitbit data on each day was different from the number of individuals with valid ActivPAL data on the
same day. Therefore, n reflects the number of participants with both valid ActivPAL and Fitbit data on each
day of the 7-day period.

Bland-Altman plots providing a visual representation of the systematic differences
and agreement between the devices for measuring steps are shown in Figure 4-1. The
difference between the average step counts over valid days for the two devices was plotted
against the mean of the average recorded steps over valid days for those devices for all
25 participants. For the majority of participants (n = 23), data (black round points) are
placed around the mean and between the lower and upper limits of agreement. The

outliers (black triangles) are related to only 2 participants with waist-worn Fitbits.

130



5,000

A

o 4000
£ R s S e L LR PR
S 3,000 ] &
o [ ]
< [ ]
£ 2,000 o0 © %o i .
o
£ A °
2 1,000 “’03 .%:% °® cow °®
b ooq & .' ) ° "
2 o
c ‘ [
§ 1,000 ® 4 *% o .
£ [ S o °
© .2,000 % Y
8 o ‘o °
© 3,000 momccmmccm—cm——ee———e—e S __
S 4,000 N .

-5,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000
Mean of the steps from AP and FB

Figure 4-1: Bland-Altman plot comparing the average step counts over valid days
from the Fitbit One and the ActivPAL3TM for all participants

Note. The solid line indicates the mean difference (205.4) between the two measures. The dashed lines
indicate the upper (3541.33) and lower (-3130.53) limits of agreement (£1.96 standard

deviations of the mean difference).

Each black point is the difference between the average step counts over valid days by two devices against
the mean of the average recorded steps over valid days for those devices for each participant. The outliers
are shown with triangles.

After analysis of the data for all participants, data were examined using stratified
groups according to Fitbit placement and gait speed. Seventy-five % of those who chose
to wear the Fitbit on their ankle (n = 9) used walking aids such as a cane or walker,
whereas 70% of participants with the waist-worn Fitbit (n = 9) did not use any walking
aids. The average gait speed in those who chose to wear the Fitbit on their ankle was 0.74
m/s while it was 1.20 m/s in those who wore the Fitbit on their waist. The average number
of steps for participants for both Fitbit locations (waist and ankle), for the matched
ActivPAL, the absolute difference between each Fitbit location and the matched

ActivPAL, and the association between the Fitbit One and the ActivPAL (ICC) are shown
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in Table 4-4. In general, there was good to excellent agreement between steps as recorded

by the waist- and the ankle-worn Fitbit Ones and the ActivPAL3™ (Table 4-4).

Table 4-4: Average step counts, absolute differences, and Intraclass Correlation
Coefficients for two Fitbit locations

Waist-worn Fitbit  ActivPAL3™  Ankle-worn Fitbit ActivPAL3™

(n=13) (n=13) (n=12) (n=12)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Min-Max Min-Max Min-Max Min-Max
Average step counts 4800.7 (3130.2) 5742.2 (2956.3) 4415.2 (3726.1) 3745.8 (2995.5)
during valid days
491-13864 1098-13718 65-13205 28-10444
Absolute difference Mean (SD) Min Max Mean (SD) Min Max
between the devices
over valid days™ 1524.8 (1139.3) 51 4465 895.6 (1148.7) 3 7002
ICC (95% CI) 0.81 (0.62-0.89)** 0.91 (0.81-0.95) ***

Note. n: Number of participants with valid data; SD: Standard Deviation; ICC: Intraclass Correlation
Coefficients; CI: Confidence Interval

*The mean (SD), minimum and maximum absolute differences between the Waist-worn Fitbit and the
ActivPAL3™ and between the Ankle-worn Fitbit and the ActivPAL3™.

**The ICC between the waist-worn Fitbit One and the ActivPAL3™; ***The ICC between the Ankle-worn
Fitbit One and the ActivPAL3™.

The average step counts for two activity monitors, the absolute differences
between the devices, and the association between the two devices (ICC) at each gait-
speed group are shown in Table 4-5. Overall, there was moderate to good agreement
between steps recorded by the Fitbit One and the ActivPAL3™ at both gait-speed

groups (Table 4-5).
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Table 4-5: Average step counts, absolute differences, and Intraclass Correlation
Coefficients for both gait-speed groups

Gait speed > 0.80 metres/second Gait speed < 0.80 metres/second
Fitbit One ActivPAL3™ Fitbit One ActivPAL3™
(n=16) (n=16) n=9) n=9)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Min/Max Min/Max Min/Max Min/Max
Average step 5924 (3223.8) 6170 (2802.7) 1999.7 (1964) 2123.1 (1654.9)
counts during valid
days 749-13864 1098-13718 65-7198 28-6434
Absolute
Difference between Mean (SD) Min Max Mean (SD) Min Max
the devices over
valid days 1392.4 (1155.6) 4 4465 924 (1185.2) 3 7002
ICC (95% CI) 0.82(0.74-0.87) 0.66 (0.47-0.79)

Note. n: Number of participants with valid data; SD: Standard Deviation; ICC: Intraclass Correlation
Coefficients; CI: Confidence Interval

4.4 Discussion

To our knowledge, this is the first study testing the convergent validity of the
Fitbit One in ambulatory adults with MS through comparison with a research-grade
activity monitor (ActivPAL3™) in a free-living environment. In general, we found a good
agreement between steps recorded by the commercially available Fitbit One and the
research-grade ActivPAL3™. The devices were comparable for quantifying the number
of daily steps, however, the ICC confidence intervals for each day of the 7-day period
were wide (Table 3) and the Bland Altman plot had wide limits of agreement with some
outliers (Figure 1). Therefore, although the Fitbit One might be an accurate device for
reporting steps in individuals with MS in a free-living environment over multiple days,

the results should be interpreted with caution.
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The level of agreement between the Ankle-worn Fitbit and the ActivPAL3™ was
higher (ICC =0.91) and the 95% CI was narrower (CI: 0.81, 0.95) than between the waist-
worn Fitbit and the ActivPAL3™. This indicates that the ankle-placement may be more
accurate in slow-walking individuals such as patients with MS.

Coulter et al. (2017) demonstrated the ability of the ActivPAL3™ to accurately
measure walking activity in patients with MS with moderate disability (EDSS scores 4 -
6.5) within a laboratory setting. They found that the validity of the device for measuring
the number of steps varied depending on cadence and EDSS levels with underestimating
steps in those with slow cadences and higher EDSS levels (Coulter et al., 2017). They

reported that steps measured by the ActivPAL3™

in people moderately affected with MS
with slow cadences should be interpreted with caution (Coulter et al,
2017). Misclassifying walking periods as standing by the ActivPAL3™ and the lower
acceleration of the thigh during the swing phase of gait in people with slow cadences
which does not exceed the required threshold by the ActivPAL3™ to record a step taken
were mentioned as the main factors for underestimating steps (Coulter et al., 2017). Since
the median EDSS in our sample was 5.5 which indicates moderate level of disability, the
ActivPAL3™ likely underestimated step counts especially in those with slower gait
speed. Therefore, ActivPAL3™ is not valid in measuring steps for everyone with MS as
slow walking in those with a greater disability is where it starts to fail. Even though the
Fitbit was comparable with the ActivPAL3™ for recording the number of daily steps, the
ActivPAL3™ is not the gold standard as it underestimates steps in those with slow
cadences.

Although there are no studies to allow direct comparison of our findings (i.e.,

Fitbit vs ActivPAL), several researchers have tested the validity of the waist-worn Fitbit

One against the ActiGraph (ActiGraph, Pensacola, FL, USA) in different populations.
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Our results are similar to the results of Reid et al., (2017), Middelweerd et al. (2017) and
Van Blarigan et al. (2017) who reported the Fitbit One as a valid tool for measurement of
steps in comparison with the ActiGraph GT3X in a free-living environment in women,
healthy young adults and men with prostate cancer, respectively. In these studies, the
Fitbit One slightly overestimated daily step counts by an average of 1100 (Reid et al.,
2017), 677 (Middelweerd et al., 2017), and 700 (Van Blarigan et al., 2017) steps
compared to the ActiGraph GT3X while we observed the Fitbit One to slightly
underestimate daily steps counts by an average 1273 steps in comparison to the
ActivPAL3™., Although the ActiGraph GT3X and the ActivPAL3™ are both triaxial
accelerometers, the differences in the device structure, placement, and algorithm for
measuring steps might be responsible for the underestimation or overestimation of steps
in comparison with the Fitbit One. Our findings are also in agreement with the findings
of Hui et al. (2018) who found that the ankle-worn Fitbit One was in agreement with the
ankle-worn Actical (Philips Respironics, Baltimore, MD, USA) for measuring the
number of steps in adults with stroke in a free-living environment. They found that the
Fitbit One underestimated step counts by an average of 220 steps per day (Hui et al.,
2018) which is less than the current study. Accelerations at the ankle recorded by the
Actical are possibly greater than the accelerations at the thigh throughout leg swing
particularly in people who walk slowly and as a result, the ankle-worn device is more
likely to capture more steps in slow-walking individuals such as patients with stroke
and/or MS. It might be the reason that in our study, the waist-worn Fitbit slightly
underestimated the number of steps compared to the thigh-worn ActivPAL3™ while the
ankle-worn Fitbit slightly overestimated steps. Considering research conducted to date, it

appears the Fitbit One is comparable to some of the most accurate research-grade devices
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for measurement of steps in a free-living environment. It may be a good choice in clinical
practice and everyday wear.

Our findings regarding the ankle placement of the Fitbit One are in agreement
with the results of Simpson et al. (2015), Treacy et al. (2017) and Klassen et al. (2017),
who found that an ankle-worn device could accurately measure steps in slow-walking
older adults (Simpson et al., 2015), slow-walking patients admitted to rehabilitation
settings (Treacy et al., 2017), and patients with stroke (Klassen et al., 2017), respectively.
The results of our study are also similar to the findings of Feehan et al. (2018) who
reported that the step count accuracy was higher when the Fitbit Device was worn on the
waist during normal-speed walking and when it was worn on the ankle during slow
walking activities.

Even though we had more participants with bilateral gait deficits (as would be
expected with MS) than previous studies in persons with stroke, gait speed continues to
be one of the central determinants of accuracy. Regardless of the Fitbit placement, when
participants were split into 2 groups based on their gait speed the ICC between the Fitbit
One and the ActivPAL3™ was less (ICC = 0.66 (0.47-0.79)) in the lower gait-speed
group (< 0.80 m/s) which indicated a lower accuracy of the Fitbit One in individuals with
very slow walking speed. This finding is in agreement with the results of Treacy et al.
(2017) and Hui et al. (2018) who reported less accuracy of the Fitbit One in lower gait
speeds in slow-walking patients admitted to rehabilitation settings and patients with

stroke, respectively.
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4.5 Limitations

The study involved a modestly sized sample of adults with MS with mild to
moderate disability, reducing statistical power for some of the subgroup analyses
undertaken. The number of participants for both the waist- and the ankle- placement and
high and low gait-speed groups is relatively small and the majority of our sample were
females and the association between the devices could be different in a male-dominant
sample. Studies including more participants for each wearing location with various gait
speeds (e.g., at least 30 participants at each group) and incorporating more male
participants should be conducted in the future. Since only the validity of the Fitbit One
device was assessed in the current study, the findings should not be generalized to other

Fitbit devices.

4.6 Conclusion

Commercially available, relatively inexpensive devices, such as the Fitbit One,
have the ability to measure step count reasonably well in a free-living environment. The
device can encourage users to set specific activity goals (e.g., daily step counts) and to
monitor progress throughout the day, week or month. In clinical situations, when the use
of a research-grade activity monitor is not feasible and/or when patients with MS are keen
to monitor their daily steps, the Fitbit One is an appropriate choice to be recommended

by clinicians.

The ability of wearing the Fitbit One in different locations allows for a more
comfortable wearing experience. Although the waist placement appears to be accurate in

healthy populations, the ankle placement seems to capture steps more accurately in slow-
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walking individuals such as patients with MS. Our findings of the ankle placement of the
Fitbit activity tracker were novel in the MS population which highlights the importance
of activity monitor placement on the validity of the measurements by the activity monitor

in research settings or/and clinical practice.

Overall, the Fitbit One appears to be a useful and attractive tool for measuring
step counts in the MS population given its user-friendly interface, low price, and ability
to provide real-time monitoring. However, there are errors in using the Fitbit One in

people with MS and data should be interpreted with caution.
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CHAPTER 5. Feasibility of use of a Fitbit activity

tracker in adults with multiple sclerosis over 15 weeks

This chapter has not been submitted yet and the format is similar to Chapter 1.
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5.1 Introduction

According to the According to the Canadian physical activity guidelines for
special populations, adults with multiple sclerosis (MS) should engage in a minimum of
30 minutes of moderate-intensity aerobic activity twice a week and resistance training
activities including all major muscle groups 2 days per week to gain optimal health
benefits.! This is in line with the current evidence that exercise (physical activity) is a
symptomatic and disease-modifying treatment in MS>® and it is considered “medicine”
for 26 chronic health conditions including MS.* Despite the benefits, physical activity
levels are significantly reduced in persons with MS.> Less than 20% of patients with MS
meet recommended physical activity guidelines’ and there is a linear decline in their
physical activity levels over time.® Inactivity increases the risk of comorbidities (e.g.,
hypercholesterolemia, hypertension, obesity, and type 2 diabetes)’ and has detrimental

effects on mobility, balance, muscle strength, disability progression and quality of life.”!°

A study by Ronda et al. with 2,600 men showed that inactive people are frequently
not aware they are insufficiently active.!! The use of an activity monitor that constantly
records and displays the real-time physical activity level and provides instant feedback
may increase awareness and help to reduce inactivity.'>!* Hultquist et al.'* reported that
sedentary women who were given a pedometer and were instructed to walk 10,000 steps
a day, took approximately 2,000 more steps per day than women who were only instructed
to walk briskly for 30 minutes every day. Two systematic reviews also found that
consistent use of wearable activity trackers is associated with higher levels of physical

activity over time.!>!
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Walking is the most common way to achieve physical activity in patients with M'S
and can be considered an ideal behaviour to target since both intensity and frequency can
be gradually increased over time. Based on the evidence, the number of steps per day
represents a reliable and valid measure of daily walking behaviour in MS.!”"!8 Consumer-
grade wearable activity monitors may be used as a beneficial tool to help individuals with
MS track their walking activities by counting the daily number of steps, a surrogate for
daily physical activity levels.!” However, adherence to wearing an activity tracker is
important in order to reap the potential benefits of increasing awareness of activity
behaviour through monitoring. For instance, a study on 248 ambulatory adults with MS
who were asked to wear the Fitbit One (Fitbit, Inc., San Francisco, CA, USA) over a 23-
day study period showed an average of 20 days of wearing the device and a mean of 4,393
steps per day.?’ At the end of the study, the adherence rate of the participants for using
the Fitbit One was 87%, and 68% of participants reported the device useful for self-
management of activity behaviour.?® Therefore, their results?’ showed that it is feasible
to integrate these technologies with the everyday life of individuals with MS in order to
measure and increase physical activity levels and improve MS-related symptoms and
health-related quality of life. Nevertheless, it is unknown whether it is feasible to use a
consumer-grade activity monitor such as the Fitbit One over a longer period such as a few
months. Therefore, we assessed the feasibility of the use of a consumer-grade activity
monitor (i.e. Fitbit One) over 15 weeks in ambulatory adults with MS.

The efficacy of the “SitLess with MS” intervention, a behaviour change

intervention focused on sitting less and moving more,*!

on the step counts recorded by
the Fitbit One and by the research-grade activity monitor (i.e. ActivPAL3™ (PAL

Technologies Ltd, Glasgow, UK)) will also be evaluated.
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5.2 Material and Methods

5.2.1 Study Design

This study was part of a larger study called the “SitLess with MS” program, which
used a single group repeated measures design. The “SitLess with MS program” focused
on interrupting prolonged sitting and replacing it with light-intensity physical activity in
ambulatory adults with MS. The intervention and study methods are described in detail
in the protocol paper 2. This project was approved by the Health Research Ethics Board
of the University of Alberta (# Pro000667657), the Northern Alberta Clinical Trials and
Research Centre, and the Alberta Health Services Edmonton Zone (operational approval

for recruitment through the Northern Alberta MS Clinic).

5.2.2 Study Context

This study reports on the physical activity data (from Fitbit and ActivPAL
monitors) collected during the “SitLess with MS” intervention. The intervention was a
15-week activity promotion program including two stages: SitLess stage (Weeks 1-7) and
MoveMore stage (Weeks 8-15). Weekly coaching sessions (excluding Weeks 0 and 15)
between an intervention coach and a participant were used to facilitate activity behaviour
change and enhance accountability and compliance with the program. There were 4
measurement points including pre-intervention or baseline (Week 0), intervention mid-
point or interim (Week 8), post-intervention (Week 15) and follow-up (Week 22) (see

figure 1 for the timeline of study activities).
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SitLess Stage ( Weeks 1-7) MoveMore Stage (VlVeeks 8-15)
1

Baseline Post-intervention 7 weeks

&
Week (0) l i

R
W9 WI0 WII WI2 WI3 WI4 WIS Week22

[ [ [
Week0 WL W2 W3 W4 W5 W6 W]

Fitbit worn during all waking hours in Weeks 1-15

W =Week

Week 0: One week of ActivPAL monitor

@ ‘Week 8: One week of ActivPAL monitor

l Week 15: One Week of ActivPAL monitor

Figure 5-1: Timeline of the “SitLess with MS” intervention program.

The figure is redrawn based on the figure from Aminian S, Motl RW, Rowley J, Manns
PJ. Management of multiple sclerosis symptoms through reductions in sedentary
behaviour: protocol for a feasibility study. BMJ Open. 2019;9(4):¢026622. Participants
were seen in person at baseline, post-intervention, and 7 weeks post-intervention only.
Participants wore the Fitbit during the 15-week intervention. They wore the ActivPAL
for 7 consecutive days at baseline (Week 0), interim (Week 8), Post-intervention (week

15) and 7-weeks post-intervention (Week 22) for measurement of activity behaviour
change over time.

5.2.3 Participants and Recruitment

Inclusion criteria for this study were as follows: 1) diagnosis of MS by a
neurologist for at least one year; 2) age 18 years or over; 3) mild or moderately disability
(defined by Expanded Disability Status Scale (EDSS)?? score of 1-6.5); 4) relapse-free
within the previous 3 months; 5) able to walk 10 meters with or without a walking aid;
6) physically inactive (defined as insufficiently active by a score of less than 14 on
the Godin-Shephard Leisure-Time Physical Activity Questionnaire)®*; and 7) mobile
phone access. Recruitment was done through community programs and the Northern

Alberta MS Clinic at the University of Alberta as explained in the protocol paper.?! All
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participants provided a written consent form before the baseline measurement.

5.2.4 Study Procedures and Data Collection

Participant demographic and clinical characteristics including age, sex, body mass
index (BMI), MS-related characteristics (i.e., type and duration), and disability status
(defined by EDSS score) were collected at the baseline assessment of the “SitLess with
MS” intervention.

Participants attended the baseline measurement session and were set up with an
ActivPAL3™ activity monitor to wear for 7 days (Week 0) (See Figure 5-1). They were
also instructed how to attach the ActivPAL3™ to the midline of the anterior aspect of the
stronger thigh by waterproof non-allergic adhesive pads (Tegaderm, 3M Company,
Canada) in case they had to remove it for any reason and wear it again. Participants were

given a log to write down any time they removed the device for any reason.

A Fitbit One was given to each participant by researcher as a self-monitoring tool
at the baseline measurement session. The Fitbit application was installed on their phone,
iPad or laptop and was initialized based on age, sex, height, and weight. Written
instructions were provided to supplement the teaching at the baseline measurement

session.

On day 1 of the intervention, participants had the first one-on-one coaching
session of the SitLess stage. At that time, they removed the ActivPAL3™ and started
wearing the Fitbit One activity tracker (Week 1) (See Figure 5-1). They were instructed
to wear the Fitbit during all waking hours throughout the 15-week intervention period
and to only remove it during water-based activities such as showering or swimming.

Participants attached the Fitbit One to the same side as the ActivPAL3™ on one of the
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following locations: (i) on the waistband, just above the greater trochanter by a clip, or
(ii) on the ankle, just above the lateral malleolus by an elastic band. Based on the research
evidence, the Fitbit One performs better for people who walk slowly, when worn on the
ankle.?*2° For the most part participants who walked more slowly wore the device on a
band around their ankle, but Fitbit placement was the choice of participants. Participants
received a Fitbit log (i.e., different from the ActivPAL log) at the baseline measurement

session to write down any time they removed the device for any reason.

During the weekly coaching sessions (excluding Weeks 0 and 15), the participants
and coaches reviewed and discussed the Fitbit activity graphs together to interpret
participants’ activity behaviours. The following strategies were used to facilitate Fitbit
wear for the participants. A researcher (GM) viewed the participants' Fitbit data on a
weekly basis, and if participants were not wearing the monitor, the intervention coach
was alerted. In the next coaching session, the intervention coach discussed Fitbit wear
with the participant and encouraged them to wear it daily. Participants were contacted
directly if there were apparent or reported technical issues with the Fitbit. Participants
received a new Fitbit if the technical difficulties were not solvable, or if the monitor was

lost.

The follow-up time point (Week 22) is not the focus of the current study as we
didn’t follow the participants’ Fitbit wear after the post-intervention measurement

session.

On the day of the first one-on-one coaching session of the MoveMore stage (First
day of Week 8), participants put on the ActivPAL3™, which was initialized and mailed

to them. Participants wore the ActivPAL3™ for 7 days (see Figure 5-1). The
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ActivPAL3™ was worn for the assessment of activity-related behaviour change at the
end of the SitLess stage compared to pre-intervention. The ActivPAL3™ was removed
on the day of the second one-on-one coaching session of the MoveMore stage (The first
day of Week 9). An ActivPAL3™ was again initialized and given to each participant to
wear at the post-intervention measurement session, extending for the 7 days after
intervention completion (See Figure 5-1). The ActivPAL3™ was worn for the assessment
of activity-related behaviour change at the end of the MoveMore stage compared to pre-
intervention and the end of the SitLess stage. The ActivPAL3™ was mailed to the
research team by each participant after completion of the 7-full day monitoring at each

measurement time point.

5.2.5 Instruments

ActivPAL3™ is a small (3.5 cm x 5.3 cm x 0.7 cm), light-weight (15 grams),
triaxial, research-grade physical activity monitor. It measures accelerations of the thigh
at a sampling frequency of 20 Hertz with signal generation related to thigh inclination 2’.
The device summarizes data in 15-second intervals (epochs) over a 24-hour period *® and
provides output for body postures (lying/sitting, standing, and stepping) using a
proprietary algorithm in the manufacturer-provided software. In general, the
ActivPAL3™ measures time spent in sedentary behaviour (sitting or lying), and upright
positions (standing and walking), numbers of sit-to-stand and stand-to-sit transitions, and
step counts. 27 For this study, we focus on the measurement of stepping. Sedentary

behaviour outcomes have been reported previously.?

The Fitbit One activity tracker is a light-weight (8 grams) and small (4.8 cm x 1.9

cm x 1.0 cm), triaxial consumer-grade accelerometer that records steps, stairs climbed,
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distance travelled, sleep, and calories burned. It is a relatively affordable device that can
provide real-time feedback on either the device itself, on a smartphone or via simple
software accessed by the internet. The device summarizes data in 60-second intervals
(epochs). A study in ambulatory adults with MS reported the Fitbit One as the most
accurate and precise device in comparison with other consumer-grade activity monitors
for measuring steps in a laboratory-setting.!” The evidence indicates validity of the Fitbit
One for measurement of steps in free-living environments in healthy adults,?**!' female
adults,* men with prostate cancer* and stroke survivors.?® Therefore, the Fitbit One was

selected to be used in the “SitLess with MS” program.

A Fitbit Zip (Fitbit, Inc., San Francisco, CA, USA) was given to participants if
they lost their Fitbit One during the 15-week intervention and the Fitbit One was not
available. The Fitbit Zip is a small (3.5 cmx 2.9 cmx 0.9 cm) and light-weight (8 g) tri-
axial consumer-grade accelerometer. The device records step count, distance, and energy
expenditure (kcal) with 4 to 6 months of battery life. Evidence indicates high accuracy of

31,34,35

the Fitbit Zip for measuring step counts in healthy adults and patients with Stroke?®.

In addition, it can be attached to either the hip or ankle as with the Fitbit One.

5.2.6 Data Management and Analysis

Steps data from the Fitbit One for each participant were downloaded weekly to an
Excel spreadsheet, using Fitabase (Small Steps Labs LLC). Steps data from the
ActivPAL3™ for each participant were downloaded to a computer for analysis, using
Professional Research Edition software (PAL Software Suite Version §). The
ActivPAL3™ data were downloaded in the Excel spreadsheet as the number of steps

taken every 15-seconds during a 24-hour day.
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Fitbit feasibility

The total number of Fitbit valid days during 15 weeks of the intervention was

calculated for each participant, using the rules below:

A valid day for the Fitbit One was defined as one in which the Fitbit was worn for
at least 10 hours****3738 during the 24-hour period from 12 AM to 12 AM. We considered
a measurement day as ‘valid’ when there was at least a 10-hour window between the time
when the first two steps were taken in the morning (wake time) and the time when the
last few steps were taken at night (bedtime). The participant’s log was reviewed after

preliminary analysis for confirmation of findings from the excel output.

The mean number of valid days over the 15-week intervention was computed for
the full sample. The number of valid days the Fitbit was worn during each of the SitLess
and the MoveMore stages for each participant were also calculated, allowing
determination of any differences in valid days between stages. The percentage of the total
number of valid days at each stage in relation to the total number of valid days for the full

intervention was calculated for each participant.

Preliminary efficacy of the “SitLess with MS” intervention on steps data recorded by

the activity monitors

The preliminary efficacy of the “SitLess with MS” intervention on the number of
steps recorded by the Fitbit and the ActivPAL were evaluated at 3 different time points.
The Fitbit time points were different from the ActivPAL time points. Each time point is

defined below (See Table 5-1).
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Table 5-1: Three-time points for the measurement of activity behaviour by Fitbit

and ActivPAL
Timeline Start End Timeline duration
Baseline ActivPAL Midnight after the Midnight before the Seven consecutive
time point (Week 0) baseline measurement first coaching session days
session of the SitLess stage
Baseline Fitbit Midnight after the first Midnight before the Seven consecutive
time point (Week 1) coaching session of the second coaching days
SitLess stage session of the Sit-Less
stage
Interim Fitbit and Midnight after the first Midnight before the Seven consecutive
ActivPAL coaching session of the second coaching days*
time point MoveMore stage session of the
(Week 8) MoveMore stage
Post-Intervention Midnight after the final Midnight before the Seven consecutive
Fitbit time point coaching session of the day of post- days
(Week 14) MoveMore stage intervention
assessment
Post-Intervention Midnight after the Seven consecutive
ActivPAL time point post-intervention days
(Week 15) measurement session

* As Week 8 is the end of the SitLess stage and the beginning of the MoveMore stage, it was considered as
the interim time point and was included in the analysis.

Participants who wore the Fitbit for at least 3 valid days throughout the three 7-
day time points (Week 1, Week 8, and Week 14) and the ActivPAL3™ for at least 3 valid
days throughout the three 7-day time points (Week 0, Week 8 and Week 15) were

included in the analysis. Valid days did not have to be consecutive.*®

A valid day for the ActivPAL3™ was defined as a day where the device reported
movement (standing or stepping) for at least 6 hours during wake time.>° The Chastin
method*® with a few adjustments was used to determine wake and bedtimes. Wake time
was defined as the first standing event after a long continuous period > 2.5 hours of non-

upright posture. Bedtime was defined by the last standing event before a long continuous
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period > 3 hours of non-upright posture. Standing or stepping with a duration of > 15
minutes occurring before 1:00 AM and after a sedentary bout of > 2.5 hours was classified
as waking time.*! To verify wake and bedtimes, the log was also checked. The R package

version 3.6.1. (PAactivpal)*? was used to determine total daily step counts.

As the preliminary efficacy of the “SitLess with MS” intervention program on the
number of steps recorded by the Fitbit One and the ActivPAL3™ were evaluated
separately, the valid days for the Fitbit One were not necessarily the same as the valid
days for the ActivPAL3™., The total number of steps from the Fitbit One during each
valid day throughout the three 7-day time points (Week 1, Week 8 and Week 14) and the
total number of steps from the ActivPAL during each valid day throughout the three 7-
day time points (Week 0, Week 8 and Week 15) were determined for each participant.
Then, the total number of steps per the number of valid days and the average step counts

during those valid days were computed at each time point for each participant.

All data from the Fitbits and the ActivPAL3™ activity monitors in the excel
spreadsheets were exported to SPSS software version 24 (IBM SPSS Statistics for
Windows, Version 24.0; Armonk, NY: IBM Corp). Descriptive statistics were presented
as mean and standard deviation (SD) and percentage to describe the study participants,
daily step counts from the Fitbit and the ActivPAL?*™, and the Fitbit feasibility outcomes.
A linear mixed effect model respecting the independence of measures over time was used
to determine whether the average number of steps from the Fitbit and the ActivPAL
changed over time from Week 0 or 1 vs Week 8 vs Week 14 or 15. The effect size was
calculated using Cohen’s d for the average number of steps at Week 8 and Week 14 or
15 for both devices and was interpreted as small, medium, or large. All the analyses were

conducted in SPSS software version 24 (IBM SPSS Statistics for Windows, Version 24.0;
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Armonk, NY: IBM Corp) at a significance level of p <0.05.

5.3 Results

Forty-one participants were enrolled in the “SitLess with MS” program at baseline
and 41 and 39 participants completed the interim and post-intervention assessments,
respectively. Participants were primarily female (n = 37) and had moderate levels of
disability (n=23) as demonstrated by the EDSS scores. The majority of participants (n =
31) were middle-aged, diagnosed with relapsing-remitting MS (n=26) and classified as
overweight or obese as defined by a body mass index > 25 (n=24). Twenty-three out of
41 participants used walking aids. Participants’ characteristics are presented in Table 5-

2.
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Table 5-2: Participants’ characteristics (n = 41)

Characteristics Mean (SD) or n (%) Min/Max
Values

Age (years) 50.5(10.2) 31-72
Sex (female) 37 (90 %)
Weight (kilograms) 77.5(19.1) 45-122
Height (metres) 1.6 (0.07) 1.5-1.8
Body Mass Index (kilograms /metre?) 28.4 (6.2) 17.2-44.3
Type of MS

Relapsing-remitting 26 (63%)

Secondary progressive 11 (27%)

Primary progressive 4 (10%)
MS Duration (years) 143 (11.2) 1-50
EDSS o 18 (44%) 1.5-3.5

ﬁgﬁfﬁﬁb&fﬁ? S(2<<Fj‘1;ss< 6.5) 23 (56%) 465

, YUESEEES=D2) 0 55(2.5-6.5)

Median (IQR)
Walking Aids

Cane (unilateral, bilateral, or quad) 14 (34%)

Walker 9 (22%)
Education

High school or less 10 (24%)

College/Diploma 15 (37%)

Bachelors 11 (27%)

Masters 5 (12%)

MS: Multiple sclerosis; n: Number; SD: Standard Deviation; IQR: Interquartile Range.

For 2 participants, the Fitbit Zip was used to replace a lost Fitbit One and 3
participants also started the intervention with the Fitbit Zip, because the Fitbit One was

no longer available.

Feasibility of Fitbit Use

According to the rules for determination of a Fitbit valid day (i.e., the Fitbit was
worn for at least 10 hours during the 24-hour period from 12 AM to 12 AM), 34, 33 and

34 participants met the Fitbit wear criteria at baseline, interim and post-intervention,
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respectively. These participants were included in the feasibility analysis. The average
number of Fitbit steps per valid day during each week of the “SitLess with MS” program
is summarised in Table 5-3. The last weekly coaching session between a participant and
an intervention coach was done on Week 14 and there was no coaching session at Week
15. Some participants therefore might forget to wear the Fitbit from the time they woke
up in the morning at Week 15 since there was no reminder and as a result, the number of

participants with valid Fitbit data at Week 15 was fewer (Table 5-3).

Table 5-3: Number of Fitbit steps per valid day at each week of the “SitLess with
MS” Intervention

Week Number of Number of steps per valid day
participants with valid

Fitbit data Mean (Standard Deviation) Min-Max
Week 1 34 4767.5 (4021) 231-15705
Week 2 35 4148 (3378) 98-12052
Week 3 36 4219.4 (3633.2) 130-14035
Week 4 35 4312.9 (3250.4) 153-11691
Week 5 34 4251.1 (3228.1) 215-11187
Week 6 35 4203.3 (2887.7) 59-9983
Week 7 35 4745.7 (3347.3) 139-12091
Week 8 33 5103.6 (3592.4) 317-16460
Week 9 33 4866.5 (3657) 213-16326
Week 10 34 4900.6 (3231.5) 144-11376
Week 11 34 5092 (3361.7) 184-12667
Week 12 34 4963.3 (3482) 306-12394
Week 13 34 5199.3 (3347.6) 203-12666
Week 14 34 5291.2 (3553.6) 171-14544
Week 15 26 4479.7 (3036) 152-13366

The average number of Fitbit valid days during the SitLess stage, the MoveMore
stage and the Full intervention are shown in Table 5-4. In general, the average length of

the intervention was 100.2 (7.7) days and on average there were 85 Fitbit valid days
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(85%) throughout the full intervention period (Table 5-4). The average number of Fitbit
valid days at the SitLess stage composes 49.6% of the Full intervention valid days, which

is almost similar to the MoveMore stage.

Table 5-4: Number of Fitbit valid days at each stage and full intervention

Intervention Number of Fitbit valid days

Mean (Standard Deviation) Min-Max
SitLess stage 42.5 (8.8) 6-49
MoveMore stage 42.8 (11.7) 0-49
Full intervention 85.6 (19.7) 6-98

Preliminary efficacy of the intervention on Fitbit and ActivPAL recorded steps

Analysis of the preliminary efficacy of the “SitLess with MS” intervention on
Fitbit steps data was limited to 33 and 34 participants at interim and post-intervention
time points, respectively. This was due to the number of participants with valid Fitbit data
at those time points. (Table 5-5). There was no significant change in the average number
of Fitbit steps per valid day from baseline to interim and post-intervention (See Table 5-

5).

Analysis of the preliminary efficacy of the “SitLess with MS” intervention on
ActivPAL steps data was limited to 27 and 37 participants at interim and post-intervention
time points, respectively. This was the number of participants with valid ActivPAL data
at those time points. (See Table 5-5). There was a significant increase in average step

counts per valid day recorded by the ActivPAL from baseline to post-intervention (see
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Table 5-5). However, no significant change from baseline to the interim time point was

observed (See Table 5-5).

Table 5-5: Change in number of steps per valid days across three-time points

Time points n Steps per valid days n Steps per valid days from
from Fitbit ActivPAI3™

Baseline

Mean SD 34 4767.5 4021 40 4668.9 2993.6

Interim

Mean SD 33 4925 3317.7 27 4405.3 2935.7

Post-intervention

Mean SD 34 5291.2 3553.6 37 5563.6 32393

Interim-Baseline
Mean difference p 291.6 1.00 304 0.29

(95% CI) (-648, 1231.4) (-148.7, 756.8)

Postintervention-Baseline
Mean difference P 523.7 0.59 639 0.02

(95% CI) (-484.5, 1532.1) (77.7, 1200.3)

Postintervention-interim
Mean difference P 232 0.90 335 0.69

(95% CI) (-327.2,791.4) (-356.5, 1026.5)

SD: Standard Deviation; p: Level of significance, n: Number of participants; CI: Confidence interval

The effect size of the intervention on the number of steps recorded by the activity
monitors is shown in Table 5-6. The ActivPAL showed larger effect sizes at all 3-time

points.
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Table 5-6: Effect size of the intervention on the number of steps recorded by the
activity monitors

Cohen’s d Effect size

PI-B interim-B PI-interim
Steps from Fitbit One 0.14 0.04 0.10
Steps from ActivPAI3™ 0.29 0.08 0.37

B: Baseline; PI: Post-intervention

5.4 Discussion

To our knowledge, this is the first study testing the feasibility of using a consumer-
grade activity tracker such as the Fitbit over a few months (i.e., 15 weeks) in adults with
MS. The current study expands the published literature on the feasibility of the use of a
consumer-grade activity monitor to record free-living activity behaviour over a longer
period in individuals with MS. The average number of Fitbit valid days was 85 (i.e., 85%
of the full intervention period) showing that participants were willing to monitor their
activity behaviour over a long period of time. The number of Fitbit valid days (i.e., days
with wearing the Fitbit for at least 10 hours) was not different during both the SitLess and
the MoveMore stages which means that the focus of the stage did not affect wear.
Although the Fitbit application only provides real-time feedback on the number of daily
steps (i.e., the primary focus of the MoveMore stage), it didn’t make any difference in
Fitbit wear at both stages. The results, therefore, indicate the feasibility of wearing the
Fitbit activity tracker in interventions that focus on sedentary behaviour and/or physical

activity in the MS population.
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No significant change was observed in the average number of Fitbit steps per valid
day from baseline to interim and post-intervention time points. The intervention showed
a non-significant small effect on the steps recorded by the Fitbit (d: 0.14). However,
measurements from the ActivPAL showed a statistically significant increase in average
step counts per valid day from baseline to post-intervention (Table 5-5). The effect of the
intervention on recorded steps from the ActivPAL was also small (effect size of d: 0.29,

see Table 5-6) but statistically significant.

The ActivPAL3™ is a research-grade accelerometer and is more accurate® than
a consumer-grade activity tracker such as the Fitbit One for measuring daily step counts.
Therefore, it might be able to record more steps especially at slower gait speeds than the
Fitbit activity tracker. Moreover, participants were asked to wear the ActivPAL for 24
hours while they were instructed to only wear the Fitbit during waking hours and to
remove it before going to bed (maximum 16 hours per day). Sometimes participants might
not have worn the Fitbit from the time they woke up in the morning and as a result, the
Fitbit was worn for fewer hours. All the above reasons may cause the Fitbit to miss
recording some activity (1.e., fewer steps) comparing to the ActivPAL and as a result, the
interventions didn’t show a non-significant effect on the number of steps recorded by the

Fitbit.

The average number of Fitbit steps per valid day at baseline (Week 1), interim
(Week 8) and post-intervention (Week 14) time points were 4,767.5, 5,103.6, and 5,291.2,
respectively which demonstrates a greater change from baseline to interim than from
interim (beginning of the MoveMore Stage) to post-intervention. The results show that
although participants took more steps in the MoveMore stage as the main focus of the

MoveMore stage was on increasing daily step counts, the magnitude of change from
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interim to post-intervention was less. It is possible that the participants were more
motivated at the beginning of the “Sitless with MS” intervention to change their activity
behaviour or/and wore the Fitbit for more hours daily. Furthermore, although the program
had separated focusing on the reduction of sedentary behaviour and increasing light-
intensity physical activity in 2 different stages, our intervention might be more suitable
for motivating people to decrease sedentary time than encouraging them to take more
steps. Therefore, more change in the number of steps from baseline to interim than interim
to post-intervention might be a result of the overall reduction in total daily sedentary time
rather than trying to take more steps. In addition, seasonality may play a role in the non-
significant change in the average number of steps from baseline to interim and to post-
intervention time points since our data were collected from 2017 to 2019 and data
collection was done in Fall and Winter for some participants when physical activity is
lower.** The variability in the course of the disease may also contribute to less change in
the step counts for some participants as their symptoms are worse sometimes and they

take probably fewer steps on those days.

The average number of daily steps at the SitLess stage (i.e., average of steps from
Weeks 1-7) was 4,378.2 + 3,392.2 which is less than the average daily steps at the
MoveMore stage (i.e., average of steps from Weeks 8-14) (5,059 + 3,460.8). This is likely
explained by the fact the main focus of the SitLess stage was interrupting prolonged
sitting while the MoveMore stage primarily focused on increasing the daily number of
steps, an overall increase in daily light-intensity physical activity and maintaining

reduction in total daily sedentary time.

The average daily number of steps during 15 weeks was 4,702.94 (3,400.5) which

is similar to a study using the Fitbit One for measurement of daily steps over 23 days (i.e.,
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4,393 +2,603) in 114 ambulatory adults with MS.?° They reported an average of 20 days
of wearing the device over the 23-day study period (i.e. 86% of the full intervention
period)®® which is the same as the current study. The mean age of participants in the
current study was 50 years old with a mean disease duration of 14 years and the majority
were females with relapsing-remitting MS, which is very similar to the aforementioned
study.?’ Furthermore, participants in our study received weekly coaching sessions to
accelerate accountability and compliance with the program and participants in that study
also received regular email reminders throughout the study period containing information
on how to use the activity monitor and contact information for study personnel.?’ It
demonstrates the effect of coaching and being in contact with participants on facilitating
wear and adherence and compliance with wearing the activity tracker. Thus, adherence
with wear might be different in a study with no coaching or communication with
participants (e.g., sending email reminders). The reported step counts in our study at
baseline are less than another study measuring 7-day activity behaviour of 645 adults with
MS using either Yamax SW-200a pedometers or ActiGraph accelerometers.*® They
reported an average of 5,903 + 3,185 daily steps in their sample.* The majority of their
participants had mild disability (PDDS score < 2) and shorter disease duration (i.e., 9.3 &+
7.8 years).*® The average age of the sample was 46.3 years, which is younger than our
sample.* In addition, the steps were measured by ActiGraph accelerometer for 58% of
participants*> which is more accurate than a consumer-grade activity tracker* and might

be able to record more daily steps. All those differences might explain the higher number

of daily steps in their study comparing to the current study.

The average daily step count (i.e., the average of steps during the entire 15-week

intervention) for persons with MS from the current sample (4,702.94 £ 3,400.5) is less
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than the mean daily step count observed in persons with other neuromuscular diseases
(i.e., 5,769 steps).* It is also significantly less than the average step counts from previous
studies of 3,744 healthy adults in the United States (9,676 + 1,079)*” and 1,853 healthy
adults in Finland (7,499 + 2,908).*® These findings indicate that individuals with MS are
less physically active than the general population.>* Nevertheless, different physical
activity monitors were used in both studies and the duration of wearing the activity
monitors was 7 days. Thus, the difference in daily steps might be due to differences in

the study population or/and measurement devices.

The results of our study regarding the step count recorded by the ActivPAL are
different from a randomized controlled trial by Ryan et. al. which evaluated the
effectiveness of a 3-month behaviour change intervention on the levels of objectively
measured activity behaviour immediately and 6-months post-intervention in adults with
MS.* The average number of steps recorded by the ActiGraph GT3X in the intervention
group at baseline, post-intervention and follow-up were 3,334.7 + 2,384.7, 3,560.1 +
2,506.1 and 3,798.2 £ 2,988.8,°" respectively. This indicates less change from baseline to
3 months and 9 months in comparison to our study from baseline to interim and post-
intervention. Even though they primarily focused on increasing daily physical activity
levels and less focus was on reduction of sedentary behaviour®! in the intervention group,
the magnitude of change in average step counts from baseline to post-intervention and
follow-up was less than our study. The differences in study design and type of research-
grade activity monitor and the longer period of the follow-up (9 months) might be

responsible for the lower change in average number of steps in Ryan’s study.

167



5.5 Limitations

A limitation of this study was the small sample size; however, the “SitLess with
MS” intervention was a pilot feasibility study and the number of participants was in line
with other feasibility studies. ™% The majority of our sample were White females with
relapsing-remitting MS, and the results may be different in a sample including persons
with progressive MS and various ethnicities. The lack of a control group didn’t allow the
evaluation of the effectiveness of the intervention and the preliminary efficacy was thus
tested. Only patients with MS who had mild to moderate disability were included, and
the findings are not generalizable among non-ambulatory persons with MS. Since the
Fitbit One and the Fitbit Zip have been used in the current study and they are mainly worn

on the waist (54%), the findings should not be generalized to other Fitbit devices.

5.6 Conclusion

The present research provides evidence that participants with MS will wear a
Fitbit over the 15-week period of an intervention. In general, wearing a Fitbit activity
monitor is convenient and is compatible with most daily activities, making it a practical
choice for everyday use. The device encourages users to set specific activity goals (e.g.,
daily step counts) and to monitor progress throughout the day, week or month. It also
provides instant feedback on goal achievement, either on the device or through a user-
friendly web-based interface, which may make it a useful tool for documenting persons’
activity status in clinical care over time.” In regard to evaluating the efficacy of an
intervention on the step counts recorded by activity monitors, the research-grade devices
might be a better choice as they are more accurate. Nevertheless, if a consumer-grade

activity tracker is worn 24 hours, the findings from the study may be more accurate and
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the chance of missing activity data and lack of intervention effect may be less. Lastly,
testing activity behaviour interventions with randomized controlled trial design in
individuals with MS is suggested to compare the effectiveness of the intervention on

activity behaviour outcomes with other research in the MS population.
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CHAPTER 6. GENERAL DISCUSSION AND

CONCLUSIONS

6.1 Discussion of research findings

The main purpose of this project was to test the preliminary efficacy of the “SitLess with
MS” program- a new activity behaviour change intervention- on reducing daily sedentary
behaviour and improving symptoms and physical performance outcomes in adults with MS. My
work complements and enhances the work related to the “SitLess with MS” program, which
included the publication of the protocol,! and the feasibility findings.?> Prior to this thesis, no
intervention with the primary focus on reduction of daily sedentary time in adults with MS and
comprehensive assessment of MS symptoms and physical performance outcomes was conducted.
We used validated activity and symptom measures and reported that the 15-week intervention led
to a 38-min reduction in daily sedentary behaviour on average, increased step counts by 639 as
measured by ActivPAL, and an improvement in most of the common symptoms experienced by

those with MS.

The first step began with a review of the literature for the prevalence of sedentary behaviour
and existing interventions on reducing sedentary behaviour in the MS population. The evidence
from the literature indicates that adults with MS spend over 60% of their daily waking hours in
sedentary behaviours.>* In addition, replacing sedentary behaviour with standing and/or stepping
(light-intensity physical activities) is associated with beneficial health outcomes in community
dwelling adults.” Every 2-hour spent standing and/or stepping per day is beneficially associated

with lower fasting blood glucose, cholesterol, triglycerides, body mass index and waist
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circumference.’ A gap in the literature regarding the interventions with the main focus on reducing
daily sedentary behaviour in MS was identified. The first study in this thesis (Chapter 2) entitled,
“Preliminary efficacy of the SitLess with MS intervention for changing sedentary behaviour,
symptoms, and physical performance in multiple sclerosis” addressed that gap.

The “SitLess with MS” program was a 15-week telerehabilitation intervention (i.e., internet
based intervention) which included objective monitoring of activity behaviour by ActivPAL3™
and Fitbit One activity monitors.! The validity of the activity monitors used in the intervention was
tested in both laboratory-setting and free-living environments. The validity work enhanced
confidence in the results of the “SitLess with MS” intervention on activity behaviour outcomes
and was presented in Chapters 3 and 4. As this research program progressed, it also became clear
that an additional gap in the literature was related to the feasibility of the long-term use of the
consumer-grade activity trackers for daily monitoring of activity behaviour in adults with MS.
Therefore, the fourth study (chapter 5) entitled “Feasibility of the use of Fitbit One activity tracker
over 15 weeks in adults with multiple sclerosis” was performed.

The findings from these interrelated studies demonstrated support for a less intense whole-
day activity behaviour intervention in individuals with MS in order to maximize health benefits,
particularly in those with mobility impairments. A strategy to expedite reduction in daily sitting
time and increase in light-intensity activities such as slow walking may be more feasible,
acceptable, less challenging, and a first step towards promoting activity levels and increasing
energy expenditure in people with MS especially those with mobility disability. The findings from
the validity studies confirmed that the monitors were providing valid information in the “SitLess
with MS” intervention. We found that the validity of the ActivPAL3™ for measuring sedentary

behaviour was not different from what has been reported in other populations with disabilities®®
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It showed that using the device in a different population (i.e., patients with MS) did not change the
validity of the ActivPAL3™. Our results were also similar to the findings of Coulter et al.” who
reported that the ActivPAL3™ was valid for the measurement of upright time and step counts in
patients with MS. Moreover, our findings demonstrated that wearing the Fitbit One over a long

period in real life and/or research settings is feasible and acceptable by individuals with MS.

6.2 Strengths and limitations of the thesis

The “SitLess with MS” intervention was a novel activity behaviour change program in
adults with MS that focused on whole day activity behaviour rather than targeting moderate to
vigorous-intensity physical activity only and primarily targeted reduction in daily sedentary
behaviour. The intervention was accessible as it was delivered within the home environment and
included strategies such as breaking up sitting with standing up or/and walking around at frequent
intervals throughout the day which makes it possible and easy for most to do in any setting. In
addition, the intervention program involved objective monitoring of total daily activity behaviour

which provided more accurate data than self-report measures.

Weekly coaching sessions between an intervention coach and a participant were a key
strength of the “SitLess with MS” program. The individual coaching sessions were used to
expedite knowledge translation and strategies for activity behaviour change and to help
accountability and compliance with the intervention. Weekly coaching sessions helped
participants to understand that some physical activity even at light-intensity is better than none and
they should not necessarily perform moderate-to-vigorous intensity physical activities in order to
gain health benefits. Participants also learnt about the detrimental effects of sedentary behaviour

on their health and the possible ways to reduce daily sedentary time and to increase total activity
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levels and energy expenditure during the day. The sample size (n = 41) was adequate and
acceptable for a feasibility study, in accordance with previous activity behaviour interventions

with persons with MS and stroke populations. 113

The findings of the free-living validity study added more evidence to the findings of the
laboratory-setting validity study and strengthened the evidence regarding the accuracy of the
consumer-grade Fitbit One for measuring steps in the MS population. Our findings of the ankle
placement of the Fitbit activity tracker were novel in the MS population which highlights the
importance of activity monitor placement on the validity of the measurements by the activity
monitor in research settings or/and clinical practice. The findings from the validity studies also
help clinicians and researchers in the selection of an appropriate tool for measurement of activity

behaviour in clinical practice or/and research interventions in patients with MS.

The main limitation of the “SitLess with MS” intervention was the single-group design and
lack of a control group which allowed evaluation of preliminary efficacy of the intervention only.
Patients with MS who were physically inactive and had mild to moderate disability were only
included, and the findings are not generalizable among non-ambulatory persons with MS. The
follow-up period was 7 weeks and provided only an estimation of the long-term sustainability of
the intervention effects. In addition, the laboratory-setting validity study included a small sample
size (n = 32) and patients with mild to moderate disability only, which limits the generalization of
the findings to a free-living environment and non-ambulatory individuals with MS. Moreover,
many commercially available activity monitors such as the Fitbit One activity tracker do not report
sedentary time and we could not examine the convergent validity of the Fitbit One against the

research-grade ActivPAL3™ for measurement of sedentary behaviour in the MS population.
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6.3 Practical implications and recommendations

Our research suggests that ambulatory people with MS spent approximately 10 hours on
sedentary behaviour every day. There should be a good balance between total daily physical
activity, rest period or sitting and sleep (7-8 hours per day is normal). A gradual reduction in daily
sedentary time might be the first step for reducing daily sedentary behaviour and indirectly
increasing the daily light-intensity physical activity levels such as moving around the house. For
individuals with MS, an initial target might be no more than 7-8 hours of sitting or/and lying down
in order to make a balance between 24-hour activity behaviour components (i.e., physical activity,
sleep and sedentary behaviour). It is a reasonable goal and may be more feasible and sustainable
over time to increase total daily activity levels. If they could achieve the goal of no more than 7
hours of sedentary time per day, they could be more encouraged to set new goals and work towards
more reduction in sedentary time throughout the day which is in accordance with principals of
social cognitive theory.!* In addition to the total sedentary time per day, the number of breaks in
sedentary time and step counts during the day are also important. Persons with MS can gradually
increase the number of daily steps by moving more often around the house, in the backyard or

neighborhood and may use an activity tracker for encouragement and monitor of their daily levels.

Furthermore, it may be important for clinicians to provide information and education on
the health consequences of prolonged sedentary behaviour for patients with MS. This
recommendation is in line with recent activity guidelines for general population and people with
disability.!>!¢ They can describe that a reduction in sedentary behaviour may improve patients’

physical and mental health, which is supported by the findings from this thesis. When patients
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understand how their behaviours might influence their health, they may be more motivated to
change such detrimental habits.

Clinicians can also educate patients on strategies to break up sitting regularly at home
or/and workplace and to avoid prolonged periods of uninterrupted sitting. Evidence indicates that
interrupting sedentary time every 30 minutes could decrease the negative health risks associated
with prolonged sedentary behaviour.!” When the patients experience improvements in their
physical and mental health by sitting less and moving more (taking more steps), it increases
confidence and motivation to engage in more activities.

There are a few practical strategies for reducing daily sedentary behaviour that was
discussed by intervention coaches in the coaching sessions and can be recommended by
health care professionals:

Planning to regularly stand or take steps after 30 minutes of uninterrupted sitting for

at least one minute at home or/and workplace

e Standing or walking around during TV advertisements, working with a computer or reading

e Using a high table or counter for support in standing while talking on the phone or reading

¢ Doing light-intensity activities such as washing the dishes or sweeping more often

e Setting an alarm on the phone or an activity tracker as a reminder to frequently break up
sitting with standing or walking

e Using an activity tracker to monitor changes in the number of daily steps and total activity
levels over time

e Lifestyle changes such as walking instead of using a car, bus or train, parking farther from
a shopping center, workplace or grocery store to increase the walking distance, use of stairs

instead of elevators, standing in the bus or train, moving on the chair while sitting
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e Environmental changes such as height-adjustable desks for sit-to-stand transitions,
standing computer desks at home and/or workplace, removing chairs from the TV area and
use of kitchen counter in order to eat meals in a standing position
In clinical situations, when the use of a research-grade activity monitor is not feasible

and/or when patients with MS are keen to monitor their daily steps, the Fitbit One is an appropriate

choice to be recommended by clinicians.

6.4 Future research directions

The final section of this thesis identifies future research directions that may improve our

knowledge of sedentary behaviour, and the importance of changing it, in those with MS.

There is limited research on the psychometric properties of measurement tools used to
measure sedentary behaviour in the MS population. Inadequate research on the psychometrics of
sedentary behaviour measures might explain less research on sedentary behaviour in MS. In
addition, the majority of small research on the rate of sedentary behaviour in patients with MS (7.5
to 8 hours per day)'®!° has come from the self-report measures. Therefore, more research on
sedentary behaviour using objective measures (i.e., activity monitors) and evaluation of the
psychometric properties of those measures are needed in the MS population. Validity studies with
a larger sample size, including adults with mild, moderate and severe mobility impairments (i.e.,
wheelchair users) and in a free-living environment are required to strengthen the evidence

regarding the validity of the objective measures of sedentary behaviour in the MS population.

In addition, as it is not possible to use a research-grade activity monitor (e.g., ActivPAL)

out of a research context and during daily life in healthy population and people with disability, a

184



valid consumer-grade activity tracker will be a useful tool for monitoring total daily sedentary time
or the number of breaks in sedentary time per day. Two recent studies examined the concurrent
validity of two consumer-grade activity trackers (i.e., Fitbit Flex and Fitbit Charge 2) for
measuring sedentary behaviour against the ActiGraph GT3X in healthy adults.?*?! The results
demonstrated a strong correlation between the Fitbits and the research-grade ActiGraph GT3X for

measuring sedentary behaviour?*2!

and indicated that a wrist-worn consumer-grade activity
tracker might be a useful tool for measurement of daily sedentary behaviour in healthy individuals.
However, the accuracy of waist-worn and/or ankle-worn commercially available activity trackers
for measurement of sedentary behaviour might be different in healthy adults and/or individuals
with disability such as people with MS which might underscore the importance of wearing location
for more accuracy of sedentary behaviour measurement. Therefore, more studies evaluating the
validity of the user-friendly popular consumer-grade activity trackers worn at different locations

(e.g., wrist, waist and ankle) for measurement of sedentary behaviour against the valid research-

grade activity monitors (e.g., ActivPAL3™) must be conducted in the MS population.

Moreover, our findings regarding the ankle placement of the Fitbit One for measuring step
count was novel in people with MS. Nevertheless, the Fitbit One is not available in the market
anymore which demonstrates the necessity of future research on ankle placement of the currently
existing consumer-grade activity trackers such as Fitbit Inspire and/or Fitbit Charge 4 for
measurement of steps in people with higher levels of disability who walk slowly (gait speed < 0.80

m/s) such as persons with MS with moderate disability.

In addition, no study has assessed the correlation between the recorded activity outcomes

by a consumer-grade activity tracker (e.g., daily sedentary time or step counts) and common MS-
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related symptoms and/or physical performance outcomes over a few weeks or a few months in the
MS population. It could provide a better understanding of the association between activity level
and accumulation patten with clinical features of the disease. Such research is also needed to be

conducted in the future.

Most activity behaviour interventions in MS have merely focused on increasing moderate-
to-vigorous physical activities and very few?>? targeted reductions in sedentary behaviour as the
main or secondary outcome of the intervention that was explained in detail in chapter 1. Future
research on interventions targeting reduction in sedentary behaviour as the main outcome with
accurate measurement of sedentary behaviour with valid activity monitors, a randomized
controlled design, a larger sample size, a longer follow-up period and evaluating the effect of the
intervention on most common MS symptoms and physical function outcomes in adults with

different levels of disability is needed.

A systematic review and meta-analysis evaluated the effectiveness of using computer,
mobile or/and wearable technology in interventions with randomized controlled design aimed at
reducing sedentary behaviour in healthy adults.* They reported that use of computer, mobile and
wearable technology tools is effective for reducing total daily sedentary time as it led to an average
41.28 minutes per day reduction in sitting time in favour of the intervention group.?* The pooled
effects indicated mean reductions of 42.42 minutes/day, 37.23 minutes/day and1.65 minutes/day
at short (< 3 months), medium (>3 to 6 months), and long-term follow-up (>6 months),
respectively.?* Thus, more research on effectiveness of utilisation of such technologies on reducing
daily sedentary time in interventions with main focus on decreasing sedentary behaviour is

required in people with disability such as individuals with MS.
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There is also a lack of research on the consequences of high sedentary time on the risk of
cardiovascular diseases, cancers, diabetes and mortality in the MS population. Furthermore, it is
unknown whether the rates or patterns of sedentary behaviour predict the physical or mental health
outcomes and/or quality of life in the MS population. The effect of a sedentary behaviour
intervention on health outcomes such as biomarkers of cardiovascular disease in the MS population
has not been examined yet. Therefore, future research on the effects of sedentary behaviour and
its reduction on health outcomes such as cardiometabolic risk biomarkers are needed in the MS
population. More research on the independent or cumulative role of physical activity and sedentary

behaviour on the health and function of people with MS is also required.

Furthermore, no research regarding the adherence of people with MS to sedentary
behaviour interventions and/or whether it is more feasible to reduce sedentary behaviour than to
engaging in moderate-to-vigorous intensity physical activity exists. Future research comparing the
effectiveness of interventions with focus on only moderate-to-vigorous intensity physical activity
with interventions with main focus on reducing daily sedentary time and comparison of the

adherence of people to those interventions in the MS population is needed.

6.5 Conclusions

Accurate measurement of volume and pattern of accumulation of sedentary time in MS is
essential to determine current levels and to design interventions and strategies to decrease daily
sedentary behaviour in order to maximize health and quality of life. Research on the validity of
the research-grade activity monitors and the commercially available activity trackers measuring
sedentary behaviour and physical activity is required as it helps researchers, clinicians and patients

with MS to make decisions on how best to monitor and modify activity behaviour.
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Using research-grade activity monitor to measure sedentary behaviour, the findings of this
thesis showed that patients with MS spend approximately 62% of their daily waking hours on
sedentary behaviour. Breaking up sedentary behaviour with short periods of standing or slow
walking at home and/or workplace and increasing the daily number of steps is a feasible way to
modify activity behaviour during the day. This strategy can also improve MS symptoms and
physical performance over time. It is probably the time for a paradigm shift from moderate-to-
vigorous intensity physical activity to sitting less and moving more in order to promote activity in
the MS population and the message “sit less and move more” may be more acceptable for the

majority of patients with MS.
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Appendix A: Northern Alberta Clinical Trial Research Centre

NACTRC

Merthearn dlberta Tlinical

|Iif5"| ¥ ”.-"\--:'.1 || '.:- T

Suite 507, 8215 112 Strest NW
Edmonton, AB T&G 2C8
EM: HNACTRCE@MNACTRC.CA
www.nactrc.ca

EDMONTON Z0ONE
ADMIMISTRATIVE APPROVAL FOR CLIMICAL RESEARCH
All clinical research being conducted within the Edmonton Zone requires operational approval o access
AHS areas and ethics approval by a recognized Alberta Research Ethics Board.
Other related documents may be required depending on the scope of the study.
Research in the Edmonton Zone cannot begin until Administrative Approval has been issued.

Protocol Title:  Reducing sedentary behaviour: A novel opportunity for managing comarbidity in MS7? Phase |1

Principal Investigator: Funding Agency: Alberta Innowates - Health Solutions (AIHS)
Patricia Manns Funding Type: Investigator-Initiated/Grant

Rehahilitation Medicine Owerhead Rate: 0%

Related Documents: D= Submitted Status Effective

Research Ethics: ProD00E7857 Approved Apr 06, 2017

AHS HIA Resesarch Agreement RABITTS May 15, 2017 Mot Required

AHS Operational Approval: The following AHS areas have agreed to support your research. To gain access,
you must have Edmonton Zone Administrative Approval.

35ETE: Kaye Edmonfon Clinic - Multiple Sclerosis Clinic

Edmionton Zone Administrative Approval for Project (PR.J) #34545

Approved: May 15, 2017
Approved By: Ron Welch
Director of Operations, NACTRC
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Appendix B: Application for Operational Approval

APPLICATION FOR
l'l Alberta Health OPERATIONAL APPROVAL .N‘P“C.'TRC
Services to Conduct Research at Alberta Health Services Trials + Research Centre
KAYE EDMONTON CLINIC

MULTIPLE SCLEROSIS CLINIC

RESEARCH TITLE: Expected Start Date: 2017-05-01

Reducing sedentary behaviour: A novel opportunity for managing . REE

comorbidity in MSI.-'?)I Expected End Date: 2018-12-31
Expected Number of 45
Research Subjects:

Research Category: Interventional
Research Type: Procedure
REB | REB #: HREE [ Pro000G7857

Pl INFORMATION: S5TUDY Study Coordinator

) COORDINATOR:
Name: Trish Manns ) o
Fone: Edmanton Name: Saeideh Aminian
Zone: Ed ton
Faculty: Rehabiitation Medicine ® men
Phone: 7804027774 Phone: ESB7T-B36-1180
. . Email: saeidehi@ualberta.ca
Email: trish.mannsi@ualberta.ca —

AREA IMPACT:

1) Wil AHS staff from this area be expected to participate and'or carry out any duties related to this study??

YES 2 -3 Neurologists - After the study is briefly infroduced to potential participants by the neurclogists, those who express
interest will be asked to provide consent to be contacted E',l the research team {rtwll be one-fime; § minutes for each
potential participant).

2) Will AHS staff from this area require any training or education??
NO

3) Are you expecting this AHS area to provide you with supplies andor equipment? 7
NO

4) Funding Type: Investigator-Initiated Grant

NOTE: K the area being impacted determines that there are costs associated with your research, they will contact you prior to
issuing Dperational Approval.

GUESTIONS SPECIFIC TO THE AREA:

SUBMITTED BY / ASSESSORS / APPROVERS:

Requested By: Saeideh Aminian Date Requested: 2017-04-21
Assessed By:  Susan Larson Date Assessed:  2017-05-01
Assessed By:  Elizabeth S=ib Date Assessed:  2017-05-D4
Page 1 of 1 OfA #35876 Status: Approved
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Appendix C: Approval From

A2E2NT

Diate:

Study 1D:
Principal
Investigator,
Study Title:

Approwval Expiry
Diate:

Approved Consent

Fomn:

SponsonFunding
Agency:

RSO-Managed
Funding:

hitpes2iremo.ual berta caR EM 0D ocVEPJ SVLAR LS 0K JEIEEC ILWVETE1 &from String.him

Approval Form
April B, 2017
Pro000G6TE57

Patricia Mannz
Reducing sedentary behaviour: A novel cpportunity for managing comorbidity in MS7?

Thursday, April 5, 2018

Approval Diate Approved Document

HB201T Phase ll-information Letter Updated

HB201T Phase llldnformation Letter Updated

HB201T Phases |l & lll-Consent Form Updated

Alberta Innovates Health Solutions AIHS Canada

Project ID  Project Title gﬁ"_f af”“ o
View RESO027529 Reducing sedentary behaviour: A novel cpportunity for
managing comorbidity in MS7?

Thank you for submitting the above study to the Health Research Ethics Board - Health Panel . Your application, including
the following, has been reviewed and approved on behalf of the committes;

Consent to Contact Information (3M10V2017)

Phases |l & Il Participant Data Sheet (3M2017)

Phase Il Recruitment Poster (31002017}

Phase 1l Quick Reference Guide Study Information and Inclusion Criteria (31002017
Phase Il Quick Reference Guide Study Information and Inclusion Criteria (310/2017)
Phase Ill Recruitment Poster Updated (4/4/20147)
Peoatdntervention Interview Indicative Questions (3M02017)
Fatigue Severity Scale Guide & Scoring (3MV2017)

Functional Capacity (6 Min Walk) Score Sheets (3M1002017)

Gait Speed (10m Walk) Score Sheets (310V2017)

Gedin Leisure-Time Questionnaire (31002017)

Hespital Anxiety and Depression Scale (3M1002017)

Kurizke EDSS & FSS (¥1002017)

Pittsburgh Sleep Quality Index & Scoring (310/2017)

Modified Fatigue Impact Scale (¥1002017)

PDDS Performance Scales (3MO02017)

Culity of Life (SF-38) Questionnaire (3M1002017)

Shart Physica Performance Battery Guide & Scoring (3M1002017)
Symbol Digit Medality Test (31002017)

Pittsburgh Sleep Quality Cuestionnaire (¥ 1002017)

Sheart Form MeGill Pain Questionnaire Guide & Scoring (310/2017)
Phase Il Post Intervention Interview Indicative Cuestions (4/4/2017)

hiftpes fremo.uaiberta caR EM O DocVEPJ VLR LS OKJEISEC ANVETS 16 rom String. him
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A2ERT hitpes2tirem o.ual berta ca'R EM 0D oo/ IVER VILAR LS OKJEDSEC LWVETE 1 6from Siring him

Phases || & Il Ethics Research Proposal (3M102017)
ActivPAL Instruction and Compliance Log (3102017)
Sit Less with MS Program Manual Mar 9 (3M02017)
Stage | Mewsletter 1 (F102017)

Stage || Newsletter 1 (31M10V2017)

Skype Chat 1 Seript (¥10/2017)

Skype Chat 2 Script (¥10/2017)

The Health Research Ethics Board assessed all matters required by section S0{1)a) of the Health Information Act. Subject
consent for access to identifiable health information ks required for the research described in the ethics application, and
appropriate procedures for such consent have been approved by the HREB Health Panel. In order to comply with the
gea]th_lnf_ormatim Act, a copy of the approval fiorm is being sent to the Office of the Information and Privacy

onmiSsionser.

A renawal report must be submitted next year prior to the expiry of this approva if your study still requires ethics

approval. If you do not renew on or before the renewal expiry date | Thursday, Aprl 5, 2018 ), you will have to re-submit an
ethics spplication.

Approwval by the Health Research Ethics Board does not encompass authorzation to access the patients, staff or resources
of Alberta Health Services or other loca hedth care institutions for the purposes of the research. Enguiries regarding Alberta
Health approval should be directed to (780) 407-8041. Enquiries regarding Covenant Health approvals should be directed to
(780) 735-2274.

Sinceraly,

Anthony 5. Joyee, PhD.
Chair, Health Research Ethics Board - Health Pangl

Note: This camespondence includes an electronic signafure (validation and approval via an onling system).

hifpes iremo.uaiberta ca/R EM O/Doc/VEPJSVLAR LS OKJEDSEC ANWETS 16from String hém i 22
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Appendix D: Notification of Approval — Amendment

BMS207

Date:
Amendment ID:

Primcipal
Investigator:

Study 1D:
Study Title:

SponsorFunding
Agency:

R5-Managed

Funding:

Approved
Consent Fommn:

Approval Expiry
Diate:

hips.fremoualberta caREMODoc 4P VBSAVRGO 145445 T G0Q080NT AMromSinng himes

Notification of Approval - Amendment
June 14, 2017
Prol0DGTEST_AMEZ
Patricia Manns

MS1_ProD00G7857
Reducing sedentary behaviour: A nowel opportunity for managing comorbidity in M57?

Alberta Innovates Health Sclutions AIHS Canada

Project I Project Tite SPeed  Giher

View RES0027829 Reducing sedentary behaviour. A nowvel opportunity for
managing comorbidity in M37

Approval Date Approved Document
BFI201T Phases |I-Consent Form Updated
BT20T Phase ll-Hnformation Letter Updated

Thursday, April 5, 2018

Thank you for submitting an amendment request to the Health Research Ethics Board - Health Panel . The following has
been reviewed and approved on behalf of the committee:

« Additional baseline testing of the validity of the ActivePAL3 and Fitbit activity tracker against video observation.
= Validity Study Protocol (S2802017)

Mote: Approval for an amendment does not change the onginal approval date.

Sincerely,

Anthony 5. Joyce, PhD.
Chair, Health Research Ethics Board - Health Panel

Nofe: Thiz correspondence inciudes an eleclronic signafure (validafion and approval via an online sysfem).

hips.iremo.ualberia caREMO Do DM FYB S RGO 145403 TE0Q080NT 4fromS ring himE
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Appendix E: Sit Less with MS Poster

DEPARTMENT OF PHYSICAL THERAFY
FACULTY OF REHABILITATION MEDICIME

2-50 Corbett Hall

Edmanton, Alberta, Canada TEG 264
Tel: 780,402 5883

Fax: 780402 4420

ptrehabmed ualberta.ca

Sit Less with MS:

We want to test a program to help you manage
the symptoms of MS

Sit Less

with - :

Wheo: People who have M5 for one year or more.

Where: University of Alberta campus - Corbett Hall.

When: By appointment - we can accommeodate most schedules including weekends.
Cost: There is NO COST. We'll give you a gift as a sign of our appreciation at the end
of the project.

If vou are interested or would like more information about this project. titled “Reducing
sedentary behaviour: A novel opportunity for managing comorbidity in MS?" please
contact:

Saeideh Aminian at (780) 492-8968 or by email: saeideh@ualberta ca
Or Trish Manns @ trish manns@ualberta.ca

Follow us on Twitter @ SitLesswithh S

i

Find vs on Facebook SitLesswithMS
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Appendix F: Information Letter (I)

Title: Reducing sedentary behaviour: A novel opportunity for managing comorbidity in MS?

Research Investigator: Co-Investigator

Trish Manns Robert Mot

ADDRESS 3-48 Corbett Hall 1705 University Blvd. SHPB 336
Department of Physical Therapy Department of Physical Therapy
University of Alberta University of Alabama at Birmingham
Edmonton, AB, T6G 2G4 Urbana Alabama 35233-1212

EMAIL trish.manns@ualberta EMAIL robmotl@uab.edu

PHONE NUMBER 780-492-7274 PHONE NUMBER 205-934-7787

Background
We invite you to participate in a research project. We are developing and testing a program for

adults with multiple sclerosis (MS). The program is designed to help you to interrupt and reduce
your sitting time and replace it with light activities. Increasing activity may help you to manage
your MS symptoms such as fatigue or pain.

Purpose
The purpose of this project is to determine the feasibility of a sedentary behaviour program for
improving sedentary behaviour outcomes and co-morbidities such as walking disability and
fatigue.

Program Procedures

If you decide to participate, we will ask you to come to the University of Alberta campus (Corbett
Hall, 8205 114 Street) four times. If you come with your car we will provide you a parking pass.
Your involvement in this project will be 24 weeks in total. The diagram below provides
information about what we’ll be doing.

Diagram
¢ '
Baseline Interim Final
Measurement Measurement Measurement
‘ Sit Less Move More
«-2es
Week | | | | | | | | | | | | | | |
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14
Please wear your Fitbit at all times during the day. 8-Week
Follow-up

lﬁ= Weeks 0, 16 & 24 — Questionnaires, Functional Tests, and One-week of ActivPAL monitor

‘i === Week 8 - One-week of ActivPAL monitor
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The actual intervention duration will be 16 weeks which is divided into two stages: Stage | (Sit
Less), and Stage Il (Move more). The first time we’ll see you is called baseline measurement
(called Week 0 on the diagram). Before we start, you will be asked to sign a consent form. After
that, we will measure your weight and height and ask you to answer a few questions about
yourself (e.g., age), your MS (e.g., how long since you were diagnosed), and your medications.
You will then complete several questionnaires including ones about fatigue, pain and reasoning,
sleep, and physical activity. There are also some functional walking tests. These measurements
will take about two hours. We repeat all these measurements two more times; at final (Week
16), and follow-up (Week 24).

You will also wear the small device below (ActivPAL monitor) at four measurement points:
baseline (Week 0), interim (Week 8), final (Week 16), and follow-up (Week 24). At each
measurement point, it should be worn at all times for 7 days. The ActivPAL (see picture below)
will be worn on your right thigh with non-allergenic tape and it measures your sitting, standing
and walking time, and step counts. At the end of the baseline measurement period, we will attach
the ActivPAL on your thigh and will collect it from you after 7 days at either your home or Corbett
Hall. After that, a Fitbit (see picture below) will be worn on your waist, and we will teach you how
to use it. This is the device you'll be using to track your activity during 16 weeks. We will ask you
to complete a log book to record your bed-time and sleep-time and any times when you didn’t
wear the Fitbit.
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ActivPAL3™ monitor Fitbit

In addition, every week from Week 2 to Week 16, we will send you a 2-page newsletter to read
and then we will discuss it with you on Skype at the end of each week. At the end of the program,
we will conduct an informal interview with you to get your feedback about the whole program.
We may audio record the interview, and transcribe it word for word.

Benefits

e The information we collect from this research will be used to refine the internet-based
program to reduce sedentary behaviour. By participating, you will help to ensure that the
program is fully applicable to you and others with MS. There are NO COSTS to participation.
At the end of the program, you will be asked to keep the Fitbit as our appreciation.

Risk

e There is minimal risk associated with participating. If you feel uncomfortable with any stage
of the program, you can choose not to participate or answer the question and ask the
assessor to move onto the next stage. During all assessments, you can take a rest at any
time you wish.

Voluntary Participation

e You are under no obligation to participate in this program. The participation is completely
voluntary.

e You can opt out of the program without penalty. Even if you agree to be in the program,
you can change your mind and withdraw at any time. In the event of opting out in the
middle of the interview, we will erase your interview.

Confidentiality & Anonymity

e Information we collect from you will be anonymous. Participants will not be identified in the
dissemination of the research.

e The data (including audio files and transcripts) will be kept confidential. Only the primary
researchers (Manns, Motl) and selected staff or graduate students they supervise will have
access to the data.
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e Data will be kept in a secure place for a minimum of 5 years following completion of the
research project. Electronic data is password protected.

e If you would like to receive a copy of the final report from this research project, please
make us aware of that by leaving your email address.

Further Information

e If you have any further questions regarding this project, please do not hesitate to contact

Trish
Manns (trish.manns@ualberta.ca) or Saeideh Aminian at 780-492-8968,

saeideh@ualberta.ca

e The plan for this project has been reviewed for its adherence to ethical guidelines by a
Research Ethics Board at the University of Alberta. For questions regarding participant
rights and ethical conduct of research, contact the Research Ethics Office at (780) 492-
2615.

Saeideh Aminian, PhD
Post-Doctoral Fellow

Faculty of Rehabilitation Medicine
University of Alberta

Phone: 780-492-8968

Email: saeideh@ualberta.ca
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Appendix G: Information Letter (II)

Title: Reducing sedentary behaviour: A novel opportunity for managing comorbidity in MS?

Research Investigator: Co-Investigator

Trish Manns Robert Mot

ADDRESS 3-48 Corbett Hall 1705 University Blvd. SHPB 336
Department of Physical Therapy Department of Physical Therapy
University of Alberta University of Alabama at Birmingham
Edmonton, AB, T6G 2G4 Urbana Alabama 35233-1212

EMAIL trish.manns@ualberta EMAIL robmotl@uab.edu

PHONE NUMBER 780-492-7274 PHONE NUMBER 205-934-7787

Background
We invite you to participate in a research project. We are developing and testing a program for

adults with multiple sclerosis (MS). The program is designed to help you to interrupt and reduce
your sitting time and replace it with light activities. Increasing activity may help you to manage
your MS symptoms such as fatigue or pain.

Purpose
The purpose of this project is to determine the feasibility of a sedentary behaviour program for

improving sedentary behaviour outcomes and co-morbidities such as walking disability and
fatigue.

Program Procedures

If you decide to participate, we will ask you to come to the University of Alberta campus (Corbett
Hall, 8205 114 Street) four times. If you come with your car we will provide you a parking pass.
Your involvement in this project will be 24 weeks in total. The diagram below provides
information about what we’ll be doing.

Diagram
¢ '
Baseline Interim Final
Measurement Measurement Measurement

<+~
Week T 1r1Tr1 1T 11 T 1T 1T 1T 171"
o] 1 2 3 4 5 6 7 8 9 0 11 12 13 14

Please wear your Fitbit at all times during the day. 8-Week
Follow-up

l == Weeks 0, 16 & 24 — Questionnaires, Functional Tests, and One-week of ActivPAL monitor

‘i === Week 8 - One-week of ActivPAL monitor
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The actual intervention duration will be 16 weeks which is divided into two stages: Stage | (Sit
Less), and Stage Il (Move more). Before you enter the lab to perform the tests, one video camera
will be set with an elevated view of the lab with a wide shot of the room to capture your sitting
and standing activities. Another camera will be set in a hallway to record the numbers of your
postural transitions and steps. The first time we’ll see you is called baseline measurement (called
Week 0 on the diagram). Before we start, you will be asked to sign a consent form. After that, we
will measure your weight and height and ask you to answer a few questions about yourself (e.g.,
age), your MS (e.g., how long since you were diagnosed), and your medications. You will then
complete several questionnaires including ones about fatigue, pain and reasoning, sleep, and
physical activity. There are also some functional walking tests. These measurements will take
about two hours. We repeat all these measurements two more times; at final (Week 16), and
follow-up (Week 24).

You will also wear the small device below (ActivPAL monitor) at four measurement points:
baseline (Week 0), interim (Week 8), final (Week 16), and follow-up (Week 24). At each
measurement point, it should be worn at all times for 7 days. The ActivPAL (see picture below)
will be worn on your right thigh with non-allergenic tape and it measures your sitting, standing
and walking time, and step counts. At the end of the baseline measurement period, we will attach
the ActivPAL on your thigh and will collect it from you after 7 days at either your home or Corbett
Hall. After that, a Fitbit (see picture below) will be worn on your waist, and we will teach you how
to use it. This is the device you'll be using to track your activity during 16 weeks. We will ask you
to complete a log book to record your bed-time and sleep-time and any times when you didn’t
wear the Fitbit.

ActivPAL3™ monitor Fitbit

In addition, every week from Week 2 to Week 16, we will send you a 2-page newsletter to read
and then we will discuss it with you on Skype at the end of each week. At the end of the program,
we will conduct an informal interview with you to get your feedback about the whole program.
We may audio record the interview, and transcribe it word for word.

Benefits

e The information we collect from this research will be used to refine the internet-based
program to reduce sedentary behaviour. By participating, you will help to ensure that the
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program is fully applicable to you and others with MS. There are NO COSTS to participation.
At the end of the program, you will be asked to keep the Fitbit as our appreciation.

Risk

e There is minimal risk associated with participating. If you feel uncomfortable with any stage
of the program, you can choose not to participate or answer the question and ask the
assessor to move onto the next stage. During all assessments, you can take a rest at any
time you wish.

Voluntary Participation

e You are under no obligation to participate in this program. The participation is completely
voluntary.

e You can opt out of the program without penalty. Even if you agree to be in the program,
you can change your mind and withdraw at any time. In the event of opting out in the
middle of the interview, we will erase your interview.

Confidentiality & Anonymity

e Information we collect from you will be anonymous. Participants will not be identified in the
dissemination of the research.

e The data (including audio and video files and transcripts) will be kept confidential. Only the
primary researchers (Manns, Motl) and selected staff or graduate students they supervise
will have access to the data.

e Data will be kept in a secure place for a minimum of 5 years following completion of the
research project. Electronic data is password protected.

e If you would like to receive a copy of the final report from this research project, please
make us aware of that by leaving your email address.

Further Information

e If you have any further questions regarding this project, please do not hesitate
to contact Trish Manns (trish.manns@ualberta.ca) or Golnoush Mehrabani at
(golnoush@ualberta.ca).

e The plan for this project has been reviewed for its adherence to ethical guidelines by a
Research Ethics Board at the University of Alberta. For questions regarding participant
rights and ethical conduct of research, contact the Research Ethics Office at (780) 492-
2615.

Golnoush Mehrabani, MD

PhD student

Faculty of Rehabilitation Medicine
University of Alberta

Phone: 780-492-8968

Email: golnoush@ualberta.ca
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Appendix H: Consent Form

Department of Physical Therapy
2-50 Corbett Hall Tel: 780.492 5083
Edmonton, Alberta, Canada T6G 2G4 Fax: 780.492.4429

Participant 1D:
CONSENT

Title: Reducing sedentary behaviour: A novel opportunity for managing comorbidity in M5?

Principal Investigator(s): Dr. Patricia Manns Phone Number(s): 780.492.7274
Co-Principal Investigator: Dr. Robert Motl Phone Number(s): 205.934.7787
Yes Mo
Do you understand that you have been asked to be in a research study? O [}
Hawe you read and received a copy of the attached Information Sheet? O [}
O you umderstand the benefits and risks involved in takimg part in this research study? O O
Do you understand the post-intervention interview will be audio recorded? O O
Hawve you had an opportunity to ask questions and discuss this study? O [}
O you understand that you are free to leave the study at any time, without having O [}

to give a reason and without any penalty?

Has the issue of confidentiality been explained to you? O

(]

Co you understand who will have access to your study records? O

(]

Who explained this study to you?

| agree to take part in this study:

Signature of Research Participant

(Primted Mame})

Ciate:

| believe that the person signing this form understands what is imvolved in the study and veluntarily agrees to
participate.

Signature of Investigator or Designee Diate

THE INFORMATION SHEET MUST BE ATTACHED TO THIS CONSENT FORM AND A COPY GIVEN TO
THE RESEARCH PARTICIFANT

Saeideh Aminian, PhD
Post-Doctoral Fellow

Faculty of Rehabilitation Medicine
University of Alberta

Phone: 780-492-8968

Email: saeidehi@ualberta.ca
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Appendix I: Consent to Release Contact Information

I!l Alberta Health
B Services

Consent to Release Contact Information

, Eive my

permission to , to give my name and

contact information to Dr. Trish Manns. The information (name, contact information) provided
to Dr. Manns (or her Post-doc) indicates my willingness to be contacted to discuss participation
in a research study (Titled: Reducing sedentary behaviour: A novel opportunity for managing
comorbidity in MS?). | know that signing this form does not mean that | consent to participate

in the study, only that | consent to be contacted.

This consent is effective today

| know that | can revoke my consent at any time.

Signed

Date

Contact information of person consenting to be contacted:

* Mame:
+ Phone:
+ Email {if you prefer):

Department of Physical Therapy

L ———— T T ——— ———
3-48 Corbett Fall » Unrrersity of Alberia * Edmonton = Canada = Tal 554
Talephone- (T80 492-T274 = Fax: (780) 4814420
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Appendix J: Consent Form

Department of Physical Therapy

2-30 Corbett Hall Tel: 780.492 5083
Edmonton, Alberta, Canada ToG 2G4 Fanc: 720,492 4420
Participant 1D

CONSENT

Title: Reducing sedentary behaviour: A novel opporiunity for managing comorbidity in MS?

Principal Investigator(s): Dr. Patricia Manns Phone Number(s): 7T80.492.7274
Co-Principal Investigator: Dr. Robert Mot Phone Number(s): 205.934.7787
ies HNHo
Ok you understand that you have been asked to be in a research study? | O
Hawve you read and received a copy of the attached Informaticn Sheet? O |
Dk you understand the benefits and risks involved in taking part in this research study? O |
Dz you understand all the activities that you are performing in the lab will be video recorded? a a
Ok you understand the video recordings will be used for academic purposes only and O a
will not be published in any form outside of this project without youwr written permission?
Have you had an opportunity to ask questions and discuss this study? O [m}
Has the issue of confidentiality been explained to you? O
Do you understand who will have access to your study records? O

Who explained this study to you?

| agree to take part in this study:

Signature of Ressarch Participant

(Printed Mame)

Date:

| believe that the person signing this form understands what is invalved in the study and voluntarly agrees to
participate.

Signature of Investigator or Designee Date

THE INFORMATION SHEET MUST BE ATTACHED TO THIS CONSENT FORM AND A COPY GIVENTO
THE RESEARCH PARTICIPANT

Golnoush Mehrabani, MD
PhD student

Phone: 780-492-8268

Email: golnoush@ualberta.ca
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Appendix K: “Sit Less with MS” Manual
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Welcome to the Sit Less Wilirogram!

On behalf of everyone at HBlLaboratory, Faculty of
Rehabilitation Medicine, at the University of Alberta,
Edmonton, Canada, we wouldlike to welcome you
to the Sit Less with MS Program!

What is the Sit Less with MSh

The Sit Less with MS program is designed to help you reduce
prolonged sitting and move more frequently throughout the day.

By participating in this program, you will improve your overall
activity level and reduce prolonged sitting.

People with MS are in danger of sitting disease! Indeed, sitting
is the new smoking and is associated with conditions like
obesity, heart disease, diabetes, early death, depression,
anxiety, and even sleep problems (see the next page for an
illustration of the danger of prolonged sitting). These conditions
make MS symptoms worse!

This program is designed as a new approach for optimizing life
with MS. We will help you to sit less, move more, and live the
best life!

%+ Sit Less with MS is not another exercise program.
%+ Sit Less with MS will give you the skills and resources to sit

less and move more with a focus on creating a long-term habit.

Sil Less
wltli <
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Danger of phwgh

= 10 hours/day of sedentary time = DANGER ZONE for Cardiovascular Risk

2.0

—— Inrfrdog Sfucieg
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Safe Zone Danger Zone

Sitting T hours per day or less Sitting 10 hours per day or more

05 . . ' . . . ' .

(] 2 a ] ] 10 12 14 16

Sedentary Time, h/'d

Source: Pandey et al., (2016). JAMA Cardiology; 1: 575-583

Being sedentary for 7 or more hours per day increases the nsk
of cardiovascular disease. But being sedentary for 10 or more
hours per day is an absolute DANGER!

SI_._I'. Less
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What will I get fromji the S8it

Less with MS program?

The Sit Less with MS program will provide you with:

% A manual to give you a road-map of how to successfully interrupt
prolonged sitting and move more.

%+ Newsletters to guide you along the road to success, featuring
inspiring topics such as setting goals and maintaining your ability
to sit less and move more in the long-term (see page 16).

<+ Exclusive one-on-one mentorship with our Sit Less with MS team
over Skype™ or the phone. The days and times of these calls will
be determined between you and your designated specialist.

%+ A Fitbit for self-monitoring your daily activity including number of
steps per day.

How does Sit Less with MS v

% All of the program materials you will receive have an important
role in helping you to frequently interrupt your sitting, to reduce
your overall sitting time, and to move more.

% Takethe time to read and look through the program matenals, and
remember to wear your Fitbit whenever you are awake to
monitor and improve your activity level.

< Throughout the program you will receive newsletters and calls
from the Sit Less with MS team to teach you the skills you need
to be successful. Remember to ask our team questions, we are
here to help you to be successfull

Sit Less
with -
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Whatis the Wwith MS
Program?

The Sit Less with MS program consists of simple and easy steps
that will help you sit less and move more. The Sit Less with MS
program will last for a total of 24 weeks and is divided into two
stages and a follow-up period (illustrated on the next page):

Stage I: SIT-LESS (8 weeks). The goal during this stage is to
interrupt prolonged periods of sitting throughout the day. For
example, getting up twice every hour or half-hour.

Stage Il: MOVE-MORE (8 weeks). The aim of stage Il is to replace
prolonged sitting or lying with taking steps. For example, walking

5000 steps per day, in addition to interrupting your sitting.

Follow-Up (8 weeks). The follow-up stage is 8 weeks long.
During those 8 weeks, we will leave you on your own, but we will

do one more assessment at the end.

Sit I.uss
witn -

d L
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An Overview OF The
Whole Program

\Week £-Week 1
- Stage | - Stagell -

Baseling Interim Final
Measurament Ieasurement Measurement
‘ Sit-Less ﬁ, Move-More l, -
- ———— *

0 1 2 3 4 5 6 7 8 8 0 M 1313 M 15 18 |_

Please wear your Fitbit at al| times during the day. B-Week
Follow-up

l‘| "= Weaks 0, 16 & 24 - Questionna ires, Functional Teste, and One-wesk of ActivPAL monitar

ﬁ.= Week & - One-week of ActivRAL manitor

Note: The ActivPAL is a physical activity monitor that is worn for

only one week during baseline, interim, post-intervention and

follow-up time points. e 1

Sit Less
w.tll {"
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—*
Sit-Less Stage

We are individualizing the programs for the needs and capacity of each
of you based on three levels (White, Yellow, Green).

Number of interruptions

0 E 12 1 )
=+ E 34 2 3
o g 56 3 4
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*
Move-More Stage

We are individualizing the programs for the needs and capacity of each
of you based on three levels (White, Yellow, Green).

White Yellow

Number of Steps
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Safety

This program is designed with your safety in mind.

%+ We recommend that you let your health professional know
that you are taking part in the Sit Less with MS Program.

< If you have trouble balancing, please interrupt your sitting
by staying close to a large piece of stable fumiture, a wall
or another safe surface.

%+ Perform your sit-less, and move-more programs in a safe
place; avoid slippery floors, poor lighting, throw rugs, and
other potential tnpping hazards.

% Remember to use your usual walking aid while walking or
moving more.

<+ |f at any time you feel lightheaded, overheated, or you
beqgin to feel sharp or intense pain, STOP. It is important
that you do not over-exert yourself.

% Record in a diary or log book any trouble or pain you have
above what you normally experience during your activities,
and bring your concemns up with the program team. Do not
stress if you have a bad day and cannot complete your
program, it's OK.

Muscle soreness, and some fatigue are normal responses to
moving more. However, if soreness or fatigue persist and
interfere with your daily life, please let the Sit Less with MS
team know.

Sit Less
with w{
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Fitbit

# Fitbit i1s a wireless activity tracker that monitors daily activity
levels, including number of interruptions In your sitting,

number of steps, distance walked, and number of active
minutes per day.

Why use a Fitbit activity tracker?

.

% Research has shown that monitoring your activity level
provides motivation to sit less and move more and helps
you to keep track your progress over time.

wall

What is the wireless sync dongle?

% You do not need the wireless dongle for this study BUT it is in
the Fitbit box. The wireless sync dongle is a small USB device
used to wirelessly connect your Fitbit to a computer (Laptop or
Desktop).

% In the Sit Less with MS program, we ask you to regularly
synchronize (sync) your Fitbit with your mobile phone. You don't
need the dongle to do that but your mobile’s Bluetooth must be
on. Please continue reading to learn how to use a Fitbit.

Sit less
with - ~
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How to use a Fithit

What is inside the Fitbit box? 4 : 2 1
. 3 n l

1. Fitbit One wireless activity tracker

2. Clip
3. Wireless sync dongle
4. Sleep wristband
5. Charging cable
5

How to turn on your Fitbit?
You will furn on your Fitbit by holding down the button for 10-12 seconds.

How to charge your Fitbit?

You will charge your Fitbit by plugging the charging cable into a USB port on a computer
(Laptop or Desktop). Make sure fo align the gold contacts on your Fitbit with the gold
contacts on the inside of the charging cable, then plug it into the computer's USB port.
Charging typically takes about an hour or two. A fully charged Fitbit will last about 5 days
before another charge is needed.

How to set up your Fitbit on your mobile phone 5o you can see your activity
information?

We will help you to download the Fitbit application on your phone. The Fitbit application is
compatible with mobile devices that support iIOS and Android. We will do this with you
when we meet you at Corbett Hall. We are able to remotely log into your web-based
Fitbit account to see your activity data and chat with you about your progress.

How to synchronize your Fitbit information on your mobile phone?

To update your Fitbit activity information, we ask you regularly synchronize (sync) your
Fitbit. To do this, turn on your mobile’s Bluetooth, then open the Fithit application,
click “sync™ on your Fitbit application. Your Fitbit must be within 20 feet of your mobile
to be synchronized and let it to upload new information.

How to wear your Fitbit?
The Fitbit tracker should be attached on your waist-band clipped to your pocket or
attached to a belt OR in your ankle-band (You will choose the placement of your Fitbit at
the baseline assessment). The Fitbit is not waterproof and should be taken off showering,
swimming or other water-based events. During the day, we would like you to wear the
Fitbit at all times (except water activities).

T

\
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How to use a Fitbit

What information can you get by just looking at your Fitbit?

Floors climbed

Recent activity levels(represented by an expanding flower) -

Distance traveled -
Calories burned -

At this stage, monitoring is designed to increase your understanding of how much you
are interrupting sitting. This information is found only when you log in to the Fitbit
website (http/fwww fitbit.com); using the usemame MSSitLessStudy @gmail.com,
and the password rehab2017. You will not find it on the dashboard on your mobile.
Once you log in, go to “log”, and then go to “activities™ for that day (see the charts
below). We will do this with you at the first Skype chat (coaching session).

A

What are we looking at SIT-LESS stage?

The spikes (green, yellow, orange) below represent times when there is some movement.
There are no spikes in the areas of the day with long periods of sitting (see green arrows
below).

smg W Smieg o Gring (PN Sitng

14
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How to use a Fitbit

500 The chart below shows interruptions threughsut the day but ne lang periods of sitting. This is the goal of

Sit-Less stage

400

g
-
f-3
-
®

200

100

j i 1l |‘."“|||
x0D 1400 o500 1200 16700 00 355

What are we looking at MOVE-MORE stage?

At this stage, the message is Move More — thus, the focus is on number of steps per day,
as displayed on the Fitbit dashboard on your phone (see below). During the coaching
sessions, we'll touch base about this.

5,346 steps

DEONO

1 404 2,612 24

floors km calories minutes

i fitbit

Mote: Flease contact the Sit Less with MS team if you have any questions or trouble with the Fithit.
Phone Number: 7T80-452-8968
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Newsletters

Every week, you will receive a newsletter to guide you along the road to success,
featuring inspiring topics such as setting goals and maintaining your ability to sit
less and move more in the long-term.

What kind of information will | find in the newsletters?

The road-map you see on the newsletters outlines the sequence of
newsletters that you will receive. You will see the little Sit Less with
MS mascot moves along the path to the destination where you are
frequently interrupting your sitting ( 4; ) and moving more ( i~r,,)_

-
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What participants saying?

Kristine

“I've been living with MS for almost 23 years now. I
had become less confident in my walking and balance,
because | get so tired all the time. | was feeling more
sluggish and depressed when | was not doing anything.
If you are stuck sitting on a chair all day, your muscles
and joints get stiffer and more sore and it's even harder
to get up.

| found that if | change my position by making myself
busy around the house and socialising with friends, |
feel physically and mentally much better. It is really
easy to get used to sitting and forget getting up but once
you change it, you see the benefits.

Now, | know | have to get up more and walk more, even
with my walker, to control those feelings.”

Sit Less
with - .::'
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Events & Fitbit wj

MONTH

SUNDAY

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY

SATURDAY

1.

Please
indicate
times the

Fitbit
was Ngt
waorn.

2.

Please
indicate
reason

for
removal
g,
swimming,
shower).

3.

Please
record
any falls.
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E————— |
Events & Fitbit Log

ID: MONTH

SUNDAY MONDAY TUESDAY |WEDNESDAY| THURSDAY | FRIDAY | SATURDAY

1.

Please
indicate
times the
Fithit
was Ngt
worn.

2.

Please
indicate
reason
for
removal
g.
swimming,
shower).

3.

Please
record
any falls.
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]
Events 8 Fitbit Log

ID: MONTH

SUNDAY MONDAY TUESDAY |WEDNESDAY | THURSDAY | FRIDAY SATURDAY

1.

Please
indicate
times the
Fitbit
was Not
worn.

2.

Please
indicate
reason
for
removal
€g.
swimming,
shower).

3.

Please
record
any falls.
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Events 8 Fitbit Log

ID: MONTH

SUNDAY MONDAY TUESDAY |WEDNESDAY| THURSDAY | FRIDAY | SATURDAY

1.

Please
indicate
times the
Fithit
was Ngt
worn.

2.

Please
indicate
reason
for
removal
€g.
swimming,
shower).

3.
Please
record
any falls.
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Events 8 Fitbit Log

MONTH

SUNDAY

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY

SATURDAY

1.

Please
indicate
times the

Fitbit
was Ngt
worn.

2.

Please
indicate
reason
for

removal
(eg.
swimming,
shower).

3.

Please
record
any falls.
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Events & Fitbit vy

ID: MONTH

SUNDAY MONDAY TUESDAY |WEDNESDAY| THURSDAY | FRIDAY | SATURDAY

1.

Please
indicate
times the
Fitbit
was Ngt
worn.

2.

Please
indicate
reason

for
removal
(eq.
swimming,
shower).

3.

Please
record
any falls.
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Appendix L: Fitbit One Manual

# fitbit one

Wireless Activity + Sleep Tracker

Product Manual
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Welcome to the Fithit One™ Wireless Activity + Sleep Tracker.

What you'll find in the box

Your Fithit One box includes:

Fitbit One Wireless Activity + Sleep Tracker
Clip

Wireless sync dongle

Sleep wristband

Charging cable

I

What's in this document

We get you started quickly by creating a Fithit® account and making sure the
tracker can synchronize the data it collects with your Fithit dashboard. The
dashboard is where you can analyze your data, see historical trends, set goals, log
food and water, keep up with friends, and much more. As soon as you're done setting
up your tracker, you're ready to start moving.
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MNext, we explain how to find and use the features that interest you and adjust your
preferences. To find more information, tips, and troubleshooting, please browse our
comprehensive articles at hittp://help fitbit. com.
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Setting up your Fitbit One

To make the most of your One, use the free Fitbit app available for iO5®, Android™,
and Windows& 10 mobile devices. If you don’t have a compatible mobile device, you
can use a computer and fitbit.com instead.

Setting up your tracker on your mobiledevice

The Fithit app is compatible with more than 200 mobile devices that suppeort i0O5,
Android, and Windows 10 operating systems.

To get started:

1. Make sure the Fithit app is compatible with your mokile device by checking
hito.rwww fitbit com/devices.
2 Find the Fitkit app in one of these locations, depending on your device:
+ The Apple® App Store® for i0S devices such as an iPhone® or iPad&.
+ The Google Play™ Store for Android devices such as the Samsung®
Galaxy® 55 and Motorola Droid Turbo.

#+  The Microsoft® Windows Store for Windows 10 mobile such as the
Lumia™ phone or Surface™ tablet.

1 Install the app. Note that you’'ll need an account with the applicable store
before you can download even a free app such as Fitbit.

4. When the app is installed, open it and tap Join Fithit to get started. You'll be
guided through the process of creating a Fitbit account and connecting
{pairing) your One to your mobile device. Pairing makes sure the tracker and
mobile device can communicate with one another (sync theirdata).

Mote that the personal information yvou're asked during setup is used to
calculate your basal metabolic rate (EMR), which helps determine your
estimated calorie expenditure. This information is private unless you go into
your Privacy settings and opt to share age, height, or weight with Fithit
friends.

After setup yvou're ready to get moving.

Setting up your tracker on your PC (Windows 10
only)

If you don't have a mobile device, you can set up and sync your tracker on your
Windows 10 PC using the same Fitbit app available for Windows mobile devices.

To get the app, click the Start button and open the Windows Store (called Store).
Search for “Fitbit app.™ Mote that if you've neverdownloaded an app from the store
to yvour computer, you'll be prompted to create an account.

Open the app and follow the instructions to create a Fitbit account and set up your

One. You can set up and sync wirelessly if your computer has Bluetooth®, otherwise
vou’ll need to use the wireless sync dongle that came in the box with yvour Fitbit One.
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Setting up your tracker on your PC (Windows 8.1
and below)

If you don't have a compatible mobile device, you can set up your tracker with a
computer and see your Fitbit states on fitbit.com. To use this setup method you'll first
install a free software application called Fithit Connect that lets One sync its data
with vour fithit.com dashboard.

To install Fithit Connect and set up your tracker:

=

Scroll down and click the opfion to download.

When prompted, save the file that appears.

Double-click the file (FitbitConnect_Win.exe). The Fitbit Connect installer
opens.

Click Continue to move through the installer.

When prompted, choose Set up a New Fithit Device.

Follow the onscreen instructions to create a Fithit account and connect your
One. If your computer has Bluetooth, setup can take place wirelessly. If not
you'll be prompted to plug in the wireless sync dongle that came in the box
with vour Fithit One.
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MNote that the personal information you're asked during setup is used to
calculate your basal metabolic rate (BMR), which helps determine your
estimated calorie expenditure. This information is private unless you go into
your Privacy settings and opt to share age, height, or weight with Fitlit
friends.

Setting up your tracker on your Mac

If you don’t have a compatible mobile device, you can set up your tracker with a
computer and see your Fitbit stats on fitbit.com. To use this setup method you’ll first
install a free software application called Fitbit Connect that lets One sync its data
with your fithit.com dashboard.

To install Fithit Connect and set up your tracker:

Go to hitp/Awww fithit comyssetup.

Screll down and click the option to download.

When prompted, save the file that appears.

Double-click the file {Install Fithit Connect.pkg). The Fithit Connect installer
opens.

Click Continue to move through the installer.

When prompied, choose Set up a New Fithit Device.

Follow the onscreen instructions to create a Fithit account and connect your
One.
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MNote that the personal information you're asked during setup is used to
calculate your basal metabolic rate (BMR), which helps determine your
estimated calorie expenditure. This information is private unless you go into
your Privacy settings and opt to share age, height, or weight with Fithit
friends.
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Syncing your tracker data to your Fitbitaccount

Once you've st up and started using One, you'll need to make sure it regularhy
transfers (syncs) its data to Fithit 2o you can track your progress, see your exercise
history, earn badges, analyze your sleep logs, and more on your Fithit dashboard. A
daily gync is recommended but not required.

The Fitkit apps use Bluetooth Low Energy (BLE) technology to sync with your Fithit
tracker. Each time you open the app it will sync if the fracker is nearby, and the app
will also sync penodically throughout the day if you have the all-day sync setting
enabled. If you're running the Fitbit app on a Windows 10 PC that doesn't have
Bluetooth, you'll need to make sure the tracker is connected to the computer.

Fithit Connect on a Mac® also uses Bluetooth for syncing (if available), otherwise
you'll need to make sure your wireless sync dongle is plugged into the computer.
Fithit Connect on a PC requires that you plug in yvour wireless sync dongle. You can
force Fitbit Connect to sync at any time or it will happen automatically every 15
minutes if:

*  Your tracker is within 20 feet of your computer and has new data to upload

{meaning that if yvou haven't moved, an automatic sync won't occur).
* The computer is powered on, awake, and connected to the Internet.
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Getting to know your FitbitOne

This section tells you how best to wear and recharge your tracker.

Placement

The One is most accurate when worn on or very close to your torgo. A clip designed
to keep the tracker secured to your clothing is included in your package.

A sleep wristband for your One is also included in your package.

To avoid losing your tracker, we recommend that you wear it in your pocket, clipped
to your pocket, or clipped to your bra.

The One is not designed to be wom in direct contact with the skin. Always use the
silicone holder when clipping it to a bra or waistband, with the display facing
outward. Do not wear the One inside yourbra.

Some users may experience skin irmitation even when wearing the One as instructed
on the bra or waistband. If thiz occurs we recommend clipping it on your pocket,
belt, or other external piece of clothing.

The One is sweat-proof and rainproof. It is not waterproof and should not be taken
swimming.

Changing the display for left-handed use

By default yvour tracker is oriented for right-handed individuals. If you're left handed,
you can recrient the display to make it easier to read. To do so, log into your
fithit.com dashboard and click the gear icon in the upper right. Click Settings =
Devices and then find and adjust the Left-handed button.

Battery life and charging

The One is powered by a rechargeable built-in battery. Your fully charged One has a
battery life of up to two weeks.

270



Determining your current battery level
You can check your battery level in a couple places:

* While charging your One, press the button on your tracker to view the battery
indicator on screen.
+  On your fithit.com dashboard.

Charging your tracker

To charge your One, align the gold contacts on your tracker with the gold contacts
on the inside of the charging cable, then plug the cable into your computer's USB
port. Charging typically takes about an hour.

MNote: Every night at midnight, your tracker will reset itself. This means your goal
progress and daily data will begin at zero again. This does not delete the data
stored on your tracker. That data will be uploaded to your dashboard the next
time you sync your fracker. The time this reset occurs is based on the time
Zone set on your fithit. com profile.
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Tracking with Fitbit One

Your One tracks a variety of stats automatically whenever you're wearing it. Your
tracker's latest data is uploaded to your Fitkit dashboard whenever you sync.

Viewing all-day stats

Press the button on your One o see the time of day and cycle through these all-day

stats:

Mote that your One resets at midnight according to the time zone you've selected for
your account. The reset ensures that One can frack your daily totals correctly, and
does not delete the previous day’s data. All your data will appear on your dashboard
when you sync your tracker.

* Steps taken
*  Floors climbed

+ Recent activity levels (represented by
an expanding flower)

* Distance fraveled
+* Calories burmed

Using the display

When you first set up your One and press the button to scroll through your stats, you
see the stat category (e.g. STEPS) followed by the stat and its icon. After you've
cycled through each screen 5 times and can recognize the stat icon, the stat
category no longer appears so that you can scroll more quickly.

Any time your tracker is reset, it will enter “beginner mode”™ and show the stat
category again for the first 5 cycles. This will happen if you shut down and then
restart your tracker, upgrade your fracker, or charge your tracker after the battery
drained completely.

Tracking sleep

You can use your One to track how long and how well you sleep. The Cne will track
yvour movement throughout the night to provide you with information about the
quality of your sleep.

1. Place your fracker into the slot in your wristband and wrap it around your
non-dominant wrist.
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1 Once you are in bed and ready to fall asleep, press and hold the tracker's
button for 2+ seconds. You will see a blinking stopwatch and clock. The other
icons will alzo blink, indicating that your tracker is in sleep mode.

3 When you wake up, press and hold the button for 2+ seconds to stop the
sleep recording. The icons will stop blinking to indicate you've exited sleep
mode. Once you exit sleep mode, your tracker will resume, displaying your
daily totals.

Once the data syncs, graphs on your dashboard will reveal how long you slept and
the number of times you woke up. You can also use your dashboard to set a goal for
hours slept.

Note: If you forgot to press the button on your tracker, but were wearing it while
you slept, you can enter your sleep times manually in your online sleep log.

Tracking exercise

Though your One automatically tfracks several stats throughout the day, you can also
track stats for a specific exercise or workout as well. Similar to the trip mode on a
car's odometer, activity mode brings closer scrutiny to a specific time period.

For example, if you put your One in activity mode and go for a run, you can view
stats measured for that run, such as calories burned or steps taken. When you end
activity mode at the end of the run and sync your data, your can log in to your
fithit. com dashboard and see a summary of the activity's stats such as pace,
duration, and more.

To start a recording, hold your tracker's button down for 2-3 seconds until a flashing
stopwatch and running numbers appear as they do in sleep mode.

Dwring the activity the display icons will blink. When you press the tracker's button to
cycle between screens, the stats represent the activity that has occurred since the
recording started.

To exit activity mode, hold your tracker's button down for 2-3 seconds untilthe icons
and numbers on the digplay stop flashing.
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Using the fitbit.com Dashboard

Fitbit provides a free online tool — the fithit.com dashboard — to help you track,
manage, and evaluate your fitness progress. Use the dashboard to see your daily
totals, analyze details about specific activities, view historical graphs, and log food.

Browser requirements

Browser Mac Version Windows
Version

@ Apple Safari 5.0.5 and higher Mot Supporied

G Google Chrome 12 and higher 12 and higher

(e Microsoft Intemet Explorer Not Supported & and higher

U Mozilla Firefox 3.6.18 and higher 3.6.18 andhigher

Adding and removing tiles

Information on the dashboard appears in tiles. Add or remove tiles to customize the
dashboard. If you remove a file, you can add it back at any time.

To add a tile:

1. Click the grid icon on the upper left side of the dashboard.
2 Check the tile{s) you want to add, then click Done.

To delete a tile:

1. Hover over a file until you see the gear icon at the lower lefi.
2 Click the gear icon, then click Remowve Tile.
1 When prompted, confirm that yvou want to remove the file.

10
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Managing your One from fitbit.com

Teo manage various settings for your account, click the gear icon in the top right
comer of your fithit. com dashboard and select Settings. From here you can edit yvour
personal information, your notification preferences, your privacy settings, and much
Mmore.

The Devices page allows you to monitor or edit:

+ The date and time of your last sync.

* Your tracker's battery level.

+  The fimware version running on your tracker.

+  Your time zone.

+  “our sleep tracking sensitivity option.

+ Your handedness preference: left-handed orright-handed.
* Your trackers greeting.

11
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Using silent alarms

You can set up to eight gently vibrating silent alarms on your One. Silent alarms can
be configured to recur every day, or on particular days of the week.

Mote: Setting multiple alarms may drain the battery life of your One. Each alarm
increases battery use by a small percentage.

Setting silent alarms

You can add, edit, and delete silent alarms from the Fitbit app or in the fitbit.com
dashboard.

To =et silent alarms using your fithit.com dashboard:

Log in to your fitbit.com dashboard.
Click the gear icon in the top right comer of the screen.
Click Settings and find Silent Alarms.
Click the Add Alarm button.
Enter the time you want the alarm to alert you.
Choose how often you want the alarm o occur:
a. Once —Your alarm will alert you at the specified time and not repeat.
b. Repeats — Choose which days you want this alarm to repeat every week.
Click Save.
Sync your Fithit One to update your fracker with the new alarms:
a. Click the Fithit Connect icon located near the date and time on your
computer.
b, With yvour Fithit One nearby, click Sync Mow.
1. Tap Done.
2 Tap the Sync alarms with your tracker button.

e N
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Your Android device will now sync the alarm to your One.

Dismissing silent alarms

When your silent alarm goes off, your One will vibrate. This notification will repeat
several times until dismissed. You can dismiss the alarm by pressing the button.

If you miss your alam, your One will alert you again after a few minuies.

12
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Updating your Fitbit One

Free feature enhancements and product improvements are occasionally made

available through firmware updates. We recommend keeping your One up to date.

You'll be notified in the Fithit app when an update is available. After you start the
update, vou’ll see a progress bar on your tracker and in the Fitbit app until the

process is complete, followed by a confirmation message.
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Troubleshooting your Fitbit One

Ifvour tracker is notworking properly, review our troubleshooting information
below. For other problems or more details, visit hitp://help fithit.com.

If your One is experiencing one of the following prollems, it may be fixed by
restarting your tracker:

Mot syncing

Mot tracking your steps

Mot responding to battery charge
Mot responding to button presses

Note: Restarting your tracker as described below reboots the device. Mote that
restarting your tracker does not delete any data.

To restart your tracker:

1. Plug vour charging cable into your computer.

2 Plug your One tracker into the charging cable, making sure that the gold
contacts on your tracker align with the gold contacts in the inside of the
charger.

Hold down your tracker's button for 10-12 seconds.

Remowve your tracker from the charging cable and press its button until the
screen turns on.

oy

Your tracker should now work normnally.

For additional troubleshooting or to contact Customer Support, see
hitp://help fitbit.com.
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Return Policy and Warranty

Warranty information and the fithit. com Store Return Policy can be found online at
hittp:/Sarww fithit. com/retums.
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Regulatory and Safety Notices
Model Mame: FB103

USA: Federal Communications Commission (FCC)
statement

This device complies with FCC part 15 FCC Rules.
Operation is subject to the following two conditions:

1. This device may not cause harmful interference and
2 This device must accept any interference, including interference that may
cause undesired operation of the device.

FCC Warning

Changes or modifications not expressly approved by the party responsible for
compliance could void the user's authority to operate the equipment.

MNote : This equipment has been tested and found to comply with the limits for a

Class B digital device, pursuant to part 15 of the FCC Rules. These limits are designed
to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy
and, if not installed and used in accordance with the instructions, may cause harmful
interference to radic communications. However, there is no guarantee that
interference will not cccur in a paricular installation. If this equipment does cause
harmful interference to radio or television reception, which can be determined by
tuming the equipment off and on, the user is encouraged to try to comect the
interference by one or more of the following measures:

+ Reorient or relocate the receiving antenna.
*+ |ncrease the separation between the equipment and receiver.

+ Connect the equipment into an ocutlet on a circuit different from that to which
the receiver is connected.

* Consult the dealer or an experienced radio/ TV technician forhelp.

This device meets the FCC and IC requirements for RF exposure in public or
uncontrolled environments.

16
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Canada: Industry Canada (IC) statement

IC Motice to Users English/French in accordance with RSS5 GEN lIssue 3:

This device complies with Industry Canada license exempt R55 standard(s).
Operation iz subject to the following two conditions:

1. this device may not cause interference, and
1 this device must accept any interference, including interference that may
cause undesired operation of the device.

Cet appareil est conforme avec Industrie Canada RSS standard exempts de licence
(s). Son utilisation est soumise & Les deux conditions suivantes:

1. cet appareil ne peut pas provoquer diinterférences et
1 cet appareil doit accepter Toute interférence, v compris les interférences qui
peuvent causer un mauvais fonctionnement du dispositive
This Class B digital apparatus complies with Canadian ICES-003.

Cet appareil numérique de la clazse B est conforme a la norme NMB-003 du Canada.

FCC ID XRAFB103

IC 1D B342A-FB103

European Union (EU)

Declaration of Conformity with Regard to the EU Directive 1999/5/EC
Fitkit Inc. is authorized to apply the CE Mark on One, Model FB103, thereby declaring

conformity fo the essential requirements and other relevant provisions of Directive
1999/5/EC.

q3

Compliant with the standard R&TTE 99/CE/S

Conforme a la norme R&TTE 99/CE/MS
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Wireless sync dongle
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Taiwan
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Safety statement

This equipment has been tested to comply with safety cerification in accordance
with the apecifications of EN Standard: ENG0DS50-1:2006 + A12: 2011.

Important safety instructions

Read these instructions.

Keep these instructions.

Heed all wamings

Follow all instructions

Do not attempt to open the tracker. Substances contained in this product
and/or its battery may damage the environment and/or human health if
handled and disposed of improperly.

Do not tamper with your One.

Do not use abrasive cleaners to clean your One.

Do not place your One in a Dishwasher, Washing Machine or Dryer.

Do not expose your One to extremely high or low temperatures.

Do not use your One in a sauna o steam room.

Do not leave your One in direct sunlight for an extended period oftime.
Do not leave your One near open flames.

Do not dispose of your One in a fire. The battery could explode.

Do not attempt to disassemble your One, it does not contain serviceable
components.

Mever allow children to play with the One; the small components may be a
choking hazard!

Built-in battery precautions

Do not attempt to replace your One’s battery. It is built-in and not changeable.
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+ (Charge the battery in accordance with the instructions
supplied with this guide.

* Usze only the charger that shipped with your product to charge the
baftery.

+ (Charge your One using a certified computer, powered hub or power
supply.

+ Do not attempt to force open the built-inbattery

* Your product uses a California Energy Commission charger.

Disposal and recycling information

The symbol on the product or ite packaging signifies that this product
has to be disposed separately from ordinary household wastes at its
end of life. Please kindly be aware that this iz your responsibility to
dispose electronic equipment at recycling centers so as to help
conserve natural resources. Each country in the European Union
should have its collection centers for electrical and electronic
equipment recycling.

For information about your recycling drop off point, please contact
your local related electrical and electronic equipment waste
management authority or the retailer where you bought the product.

+ Do not dispose of the One with household waste.

+ Batteries are not to be disposed of in municipal waste
stream and require separate collection.

* Dispo=al of the packaging and your COne should be done in
accordance with local regulations.

Please recycle!
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Appendix M: How to Use Fitbit One

SN LESS
Wll!l L-:;‘
What is inside the Fitbit One package? ' .

@ﬂ
I
What is Fitbit?

Fitbit is a wireless activity tracker that monitors daily activity levels, including number of interruptions
in your sitting, number of steps, distance walked, and number of active minutes per day.

1. Fitbit One Wireless Activity Tracker
2. Clip

3. Wireless sync dongle

4. Sleep wristband

5. Charging cable

How to turn on your Fitbit?
You will turm on your Fitbit by holding down the button for 10-12 seconds.

How to charge your Fitbit?

You will charge your Fitbit by plugging the charging cable into a USB port on a computer (Laptop or
Desktop). Make sure to align the gold contacts on your Fitbit with the gold contacts on the inside of the
charging cable, then plug it into the computer's USB port. Charging typically takes about an hour or
two. A fully charged Fitbit will last about 5 days before ancther charge is needed.

How to set up your Fitbit on your mobile phone so you can see your activity information?

We will help you to download the Fitbit application on your phone. The Fitbit application is compatible
with mobile devices that support 105 and Android. We will do this with you when we meet you at
Corbett Hall. We are able to remotely log into your web-based Fitbit account to see your activity data
and chat with you about your progress.

How to synchronize your Fitbit information on your mobile phone?

To update your Fitbit activity information, we ask you regulary synchronize (sync) your Fitbit. To do
this, tum on your mobile’s Bluetooth, then open the Fitbit application, click “sync” on your Fitbit
application. Your Fitbit must be within 20 feet of your mobile to be synchronized and let it fo upload new
information.

How to wear your Fithit?

The Fitbit tracker should be attached on your hip (on your waist-band, clipped to your pocket or
attached to a belt). The Fitbit is not waterproof and should be taken off showering, swimming or other
water-based events. During the day, we would like you to wear the Fitbit at all times (except water

activities).

[
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What information can you get by just looking at your Fithit?
. Steps taken
Floors climbed
Recent activity levels{represented by an expanding flower) - -
Distance traveled
o | = W

What are we looking at SIT-LESS stage?

At this stage, monitoring is designed to increase your understanding of how much you are interrupting
sitting. This information is found only when you log in to the Fitbit website (www fithit com); using the
usemame MSSitl essStudy. ... @agmail.com. and the password rehab2017. You won't find it on the
dashboard on your mebile. Once you log in, go to “leg”, and then go to “activities” for that day (see the
graphs below). We will do this with you at the first Skype chat (coaching session).

Ll

The spikes (green, yellow, orange) below represent times when there Is some movement.
There are no spikes in the areas of the day with long periods of sitting {see green arrows
below).

Sitrrg Hring Siiting Skting
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so0 The chart below shows interruptions throughout the day but ne long perieds of sitting. This is the goal of
Sit-Less stage.
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What are we looking at MOVE-MORE stage?

At this stage, the message is Move More — thus, the focus is on number of steps per day, as displayed
on the Fithit dashboard on your phone (see below). Durning the coaching sessions, we'll touch base
about this.

5,346 sieps

JBORONO

1 404 2612 24

floors km calornes minutes

1= fitbit
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Appendix N: ActivPAL3™ Log

Phase Il & III - ActivPAL Instruction and Compliance Log
Dear Participant,

Please read below instruction to learn more about the ActivPAL3™ monitor:

ActivPAL3™ monitor

» The ActivPAL is a lightweight device that measures your sitting, standing and walking time, and step counts.

» The ActivPAL should be placed on the mid-line of your right thigh with 3M Tegaderm™ Film. Please ensure the orange side is on
top and the man pictured is facing upward.

# The ActivPAL should be worn on your right thigh for seven continuous days. Please ensure that you wear the device all the
time.

» |f for any reason, you have to remove the ActivPAL from your thigh, please write it down in the log book attached to this
instruction, and put the device back on as soon as you can.

» Please ensure that you write down your wake-up time and bed-time in the log book.

Please do not hesitate to call me on 587-936-1180 if you have any questions.
Saeideh Aminian, Post-Doctoral Research fellow
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Phase Il & III - ActivPAL Instruction and Compliance Log

Participant 1D:

PARTICIPANT LOG

Please complete the log below for the next eight days starting from today. We would appreciate if you wear the monitor all the time.

Starting Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

Date Date, Date Date Date Date Date Date

a. For each day,
what time did you
wake up?

b. For each day,
what time did you
go to bed?

c. For each day,
what timas were ActivPAL: ActivPAL: ActivPAL: ActivPAL: ActivPAL: ActivPAL: ActivPAL: ActivPAL:
the monitor Not
worn (e.g.,
1:00pm-2:45pm)?

d. For each day,
what was you
were doing when
you were NOT
wearing the
monitor? (e.g.,
swimming,
showering)
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Appendix O: Patient-Determined Disease Steps

Sit less
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PDDS: Patient-Determined Disease Steps

Participant ID:
Date:

This questionnaire is related to how well you walk, Please read the choices listed below and choose the
one that best describes your own cument situation. You might not find a description that reflects your
condition exactly, but please mark the one category that desaibes your situation the closest,

o 0 Mormal: I may have some mild symptoms, mosty sensory due to MS but they do not limit my
activity. If I do have an attack, T retum to normal when the attack has passed.

o 1 Mild Disability: I have some noticeable symptoms from my MS but they are minor and have only
a small effect on my lifestyle,

o 2 Moderate Disability: I don't have any limitations in my walking ability, However, T do
have significant problems due to MS that limit daily activities in other ways.

o 3 Gait Disability: MS does interfere with my activities, espacially my walking. I can work 2 full day,
but athletic or physically demanding activities are more difficult than they used to be. T usually don't
need a cane or other assistance to walk, but T might need some assistance during an attack.

o 4 Early Cane: I use a cane or a single crutch or some other form of support (such as

touching a wall or leaning on someone’s arm) for walking all the time or part of the time, especially when
walking outside. I think I can walk 25 feet in 20 seconds without a cane or autch. I always nesd some
assistance (cane or crutch) if T want to walk as far as 3 blocks.

o 5 Late Cane: To be able to walk 25 feet, I have to have a cane, crutch or someone to hold onto. I
can get around the house or other buildings by holding onto furniture or touching the walls for support.
I may use a scooter or wheelchair if I want to go greater distances.

o 6 Bilateral Support: To be able to walk as far as 25 fest I must have 2 canes or crutches or a walker,
I may use a scooter or wheslchair for longer distances.

PDDS Score:
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Appendix P: Kurtzke Expanded Disability Status Scale (EDSS)
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Kurtzke Expanded Disability Status Scale (EDSS)

Participant ID:

Date:

o 0.0 Momal neurological exam (2l grade 0 in all Functional System (FS) scores)
o 1.0 Mo disability, minimal signs in one FS (i.e. grade 1)

o 1.5  No disability, minimal signs in more than one FS (> one F5 grade 1)

C 2.0 Minimal disability in one FS (one FS grade 2, others D or 1)

C 2.5  Minimal disability in two FS (two FS grade 2, others 0 or 1)

o 3.0  Moderate disability in one FS (one FS grade 3, others 0 or 1) or mild disability in three or
four FS (3 or 4 FS grade 2, others 0 or 1) though fully ambulatory

o 3.5 Fully ambulatory but with moderate disability in one FS (one grade 3) and one or two FS
grade 2; or two FS grade 3 (others 0 or 1) or five grade two (other 0 or 1).

o 4.0 Fully ambulatory without aid, self suffident, up and about some 12 hours a day despite
relatively severe disability consisting of one FS grade 4 (others 0 or 1) or combination of lessar
grades exceseding limits of previous steps; able to walk without aid or rest for some 500 meters
or 6 city blocks.

o 4.5 Fully ambulatory without aid, up and about much of the day, able to work a full day, may
otherwise have some limitation of full actvity or require minimal assistance; characterized by
refatively severe disability usually consisting of one FS grade fours (others 0 or 1) or combinations
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of lesser grades exceading limits of previous steps: able to walk without aid or rest some 200
meters or nearlv 4 ity blocks.

o 5.0 Ambulatory without aid or rest for zbout 200 meters or 2.5 city blocks: disability sovere
enough to impair full daily activities (e.g. to work a full day without special provisions); FS
equivalents are one grade five alone (others 0 or 1); or combinations of lesser grades usually
excesding specfications for step 4.0.

o 5.5 Ambulatory without zid for about 100 meters or 1. 25 city blocks: disability severe enough
to preclude full daily adtivities; usual FS requirements are one grade 5 alone (others 0 or 1); or a
combination of lesser grades usually excesding those for step 4.0,

o 6.0 Intermittent or unilateral constant assistance (cane, crutch, brace) required to walk
about 100 meters or 1.25 city blocks with or without resting; FS eguivalents are combinations
with more than two FS grade 3+.

o 6.5 Constant bilateral assistance (canes, crutches, braces) reguired to walk about 20 meters
without resting; (Usual FS equivalents are combinations with more than two FS grade 3+).

Note: EDSS steps 1.0 to 4.5 refer to patients who are fully ambulatory and the predise step number is
defined by the FS scores, EDSS steps 5.0 to 9.5 are defined by the impaiment to ambulation
and usual equivalents in FS scores are provided,
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Kurtzke Functional Systems Scores (F55)

A. Pyramidal Functions

0 - Nomal

1 - Abnoimal signs without disability

2 - Minimal disability

3 - Mild (4+/5) to moderate (3/5) para-paresis or hemi-paresis (detectable weakness but most
function is sustained for short periods, a fatigue problem)

- Severs (£2/5) mono-paresis (almost no function)

- Marked (<2/5 in 2 ore more muscle groups) para-paresis or hemi-paresis (function is difficult)
- Moderate quadriparesis (funciion decreased but can be sustained for short periods)

- Monoplegia

- Paraplegia, hemiplegia, or marked quadriparesis

- Quadriplegia

- Unknown

Y

oo oLn

B. Cerebellar Functions

- Normazl

- Abnoimal signs without disability

- Mild ataxia (tremor or dumsy movements easily seen, minor interference with function)

- Moderate truncal or limb ataxia (tremor or dumsy movements interfere with function inall
spheres)

- Severs ataxia in all limbs {most funcion is very difficult)

- Unable to perform coordinated movements due to ataxiz

- Unknown

L Pd = O

F=R,

. Brainstem Functions

- Normzl

- Signs only

- Moderate | intermittent nystagmus or other mild disability

- Severe | constant nystagmus, marked extraccular weakness (difficulty tracking), or moderate
disability of other cranial nerves.

- Marked dysarthria or other marked disability

- Unable to swallow or speak

- Unknown

L Pd =

F= e
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D. Sensory Function

0 - MNomal
1 - Vibration sense decrease in 1-2 limbs

2 - Mild decrease in touch or pain or position sense (2-3 incomrect in any limb)
- Vibratory decreass in 1-4 limbs
- Moderate dearease in touch, pain or position sense (4-5 incormrect in any limb)
- Essentially lost vibration in 1-2 limbs
4 - Marked decrease in touch or pain (64 incomrect) in 1 or 2 limbs

- Loss of proprioception (0 correct) in 1 or 2 limbs

- Moderate dearezse in touch or pain (4-5 incomact) in more than 2 limbs

- Severe proprioceptive decrease (64 incorrect) in more than 2 limbs
5 - Loss of sensation (8+ incorrect in touch, pain, and vibration) in 1 or 2 limbs
- Loss of proprioception for most of the body below the head
- Sensation essentially lost below the head
- Unknown

L

(¥ R 3]

E. Bowel and bladder Function

0 - MNomal

1 - Mild urinary hesitance, urgency, or retention (less than 50% of the time)

2 - Moderate hesitance, urgency, retention of bowel or bladder (more than 50% of thetime)
- Rare urinary incontinence (intermittent catheterization, manual compression to evacuate
bladder, o finger evacuation of stool)

3 - Freguent urinary incontinence (more than 50% of the time)

4 - Need for almost constant catheterization and constant use of measures to evacuate stool

5 - Loss of bladder function

6 - Loss of bowel and bladder function

9 - Unknown
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F. Visual Function

=

- Narmal

- Scotoma (an area of partial zlteration in the field of vision — either diminished or entirely

degenerated visual acuity) with visual acuity (comected) better than 20/30

2 - Worse eye with scotoma with maximal visual acuity (comectad of 20/30.20/59

3 - Worse eye with large scotoma, or moderate decrease in fields, but with maximal visual acuity
(corrected) of 20/60.20/99

4 - Worse eye with marked decrease of fields and maximal visual acuity comrected of
20/100.20/200
- Grade 3 plus maximal acuity of better eye 20/60 or less

5 - Worse eye with maximal visual acuity (corrected) less than 200200
- Grade 4 plus maximal acuity of better eye of 20/60 or less

6 - Grade 5 plus maximal visual zcuity of better eye 20060 or less

9 - Unknown

—

O Rerord #1 if participant has presence of temporal pallor

G. Cerebral (or mental) Functions

- Narmal

- Mood alteration only (does not affect EDSS score)

- Mild decrease in mentation [ mental activity

- Moderate decreass in mentation

- Marked decrease in mentation (chronic brain syndroms)

- Dementia or chronic brain syndrome — severe or incompetent
- Unknown

(= QW R Ry PR O I
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Appendix Q: Fatigue Severity Scale
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i N le:

Participant ID:

Date:

This guestionnaire is about fatigue and how it affects your function. Please dircle the
number betweaen 1 and 7 that you feel best describes your usual way of life within the last 4
wesks, 1 indicates “strongly disagree” and 7 indicates “strongly agres.”

Read and Circle a Number Strongly Disagree =% Strongly Agree

1. My motivation is lower when [ am
fatigued.

2. Exercise brings on my fatigue.

3.Tam easily fatigued.

4, Fatigue interferes with my physical
functioning

= (= =] =
B (pafea]| R
w |(wfw]| w
S 0 I O =
o (wifen]| wn
L= R = Y = O B Y
b I B B B Y I |

5. Fatigue causes frequent problems for
me.

6. My fatigue prevents sustained physical
functioning.

7. Fatigue interferes with carrying out
certain duties and responsibilities.

8. Fatigue iz among my most disabling
symptoms.

0. Fatigue interferes with my worls, family,
or social life. 1 2 3 4 3 6 7

F55 Scoring:

Add up totzl of circled numbers:

Divide by 9: TOTAL SCORE
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Appendix R: Modified Fatigue Impact Scale

Participant ID:

Date:

Fatigue is a feeling of physical tiredness and lack of energy that many people experience from
time to time. People who have medical conditions like MS tend to experience stronger feelings

of fatigue more often than others. This leads to a greater impact on their life.

The following is a list of statements that describe the effects of fatigue. Please read each
statement carefully, and circle the number that best indicates how often fatigue has affected
you in this way over the past 4 weeks. Please answer every question. If you are not sure
which answer to select, choose the one that comes closest to describing you. Please ask the
interviewer to explain any words or phrases that you do not understand.

Because of fatigue over the past 4 weeks:
0 = Never 1 =Rarely 2= Sometimes 3= Often 4 = Almost Always

1. I have been less alert. 0 1 2 3

N BN

2. I have had difficulty paying attention 0 1 2 3
for long periods of time.

3. I have been unable to think clearly 0 1 2 3 4

4. I have been clumsy and uncoordinated. 0 1 2 3 4

5. I have been forgetful. 0 1 2 3 4

6. I have had to pace myself in my physical activities. 0 1 2 3 4

7. T have been less motivated to do anything that 0 1 2 3 4
requires physical effort.

8. I have been less motivated to participate in 0 1 2 3 4

social activities.

9. I have been limited by my ability to do things away 0 1 2 3 4
from home.

10. I have trouble maintaining physical effort for 0 1 2 3 4
long periods.

11. I have had difficulty making decisions. 0 1 2 3 4

12. I have been less motivated to do anything that 0 1 2 3 4
requires thinking.

13. My muscles have felt weak. 0 1 2 3 4

14. T have been physically uncomfortable. 0 1 2 3 4

15. I have had trouble finishing tasks that require 0 1 2 3 4

thinking.
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16. I have had difficulty organizing my thoughts 0 1 2 3 4
when doing things at home or at work.

17.1 have been less able to complete tasks that 0 1 2 3 4
require physical effort.

18. My thinking has been slowed down. 0 1 2 3 4

19. I have had trouble concentrating. 0 1 2 3 4

20. I have limited my physical activities. 0 1 2 3 4

21. 1 have needed to rest more often and 0 1 2 3 4

for longer periods.

Instructions for Scoring the MFIS
Items on the MFIS are aggregated into 3 subscales: physical, cognitive, and psychosocial, as
well as the total MFIS score. All items are scaled so that higher scores indicate a greater impact

of fatigue on a person’s activities.

Physical Subscale:
This scale can range from 0-36. It is computed by adding raw scores on
the following items: 4+6+7+10+13+14+17+20+21

Cognitive Subscale:
This scale can range from 0-40. It is computed by adding raw scores on
the following items. 1+2+3+5+11+12+15+16+18+19

Psychosocial Subscale:
This scale can range from 0-8. It is computed by adding raw scores on

the following items. 8+9

Total MFIS Score:
The total MFIS score can range from 0-84. It is computed by adding
scores on the above 3 subscales.
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Appendix S: SF-36 Quality of Life Questionnaire

Participant ID:

Date:

This questionnaire will ask you questions about your overall health. For each
question, select the answer that most closely describes you.

Choose one option for each questionnaire item.

1. In general, would you say your health is:
o 1 — Excellent
o 2 — Very good

o 3 — Good
o 4 — Fair
o 5 — Poor

2. Compared to 1 year ago, how would you rate your health in general now?
o 1 — Much better now than one year ago
o 2 — Somewhat better now than one year ago
o 3 — About the same
o 4 — Somewhat worse now than one year ago
o 5 — Much worse now than one year ago
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The following are activities you might do during a typical day. Does your health now limit
you in these activities? If so, how much?

Yes, Yes, No, not

Limited limited limited

a lot a little at all
3. Vigorous activities such as running, ol o 2 o3

lifting heavy objects, strenuous sport
participation.

4. Moderate activities such as moving a o1 o 2 o 3
table, pushing a vacuum, playing golf

5. Lifting or carrying groceries ol o 2 o 3
6. Climbing several flights of stairs o1l o 2 o 3
7. Climbing one flight of stairs ol o 2 o 3
8. Bending, kneeling, or stooping o1l o 2 o 3
9. Walking more than a mile o1 o 2 o 3
10.Walking several blocks o1 o 2 o 3
11.Walking one block o1l o 2 o 3
12.Bathing or dressing yourself o1 o 2 o 3

During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result of your physical health?

Yes No

13. Cut down the amount of time you spent on work or other activities O O
1 2

14. Accomplished less than you would like O O
1 2

15. Were limited in the kind of work or other activities m m
1 2

16.Had difficulty performing the work or other activities (for example, m m
it took extra effort.) 1 2
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During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result of any emotional issues (such as feeling depressed or
anxious)?

Yes No
17.Cut down on the amount of time you spent on work or other activities o m
1 2
18. Accomplished less than you would like O O
1 2
19.Didn’t do work or other activities as carefully as usual m m
1 2

20.During the past 4 weeks, to what extent has your physical health or emotions
interfered with your normal social activities with friends, family, neighbours, or groups?
o 1 - Not at all
o 2 — Slightly
o 3 — Moderately
o 4 — Quite a bit
o 5 — Extremely

21.How much bodily pain have you had during the past 4 weeks?

o 1 - None

o 2 — Very mild
o 3 — Mild

o 4 — Moderate
o 5 — Severe

o 6 — Very severe

22.During the past 4 weeks, how much did pain interfere with your normal work
(including both work outside the home and housework)?
o 1 — Not at all
o 2 — Slightly
o 3 — Moderately
o 4 — Quite a bit
o 5 — Extremely

These questions are about how you feel and how things have been with you during the past
4 weeks. For each question, please give the one answer that comes closest to the way you
have been feeling.

How much time during the past 4 weeks...
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All of Most A good Some A little None

the  of the of the of the of the of the
time time time time time time
23.Have you felt full of energy? o
24.Have you been nervous? m
25.Have you felt so down O
in the dumps that nothing
could cheer you up?
26.Have you felt calm and O O O O O O
peaceful?
27.Have you had a lot of O O O O O O
energy?
28.Have you felt m m O O O O
downhearted and blue?
29.Have you felt worn out? 0
30.Have you been a happy 0
person?
31.Have you felt tired? O O O O O O

32.During the past 4 weeks, how much has your physical health or emotional issues
interfered with your social activities (like visiting with friends, etc.)?
o 1 — All of the time
o 2 — Most of the time
o 3 — Some of the time
o 4 — A little of the time
o 5 — None of the time

How TRUE or FALSE are each of the following statements for you?

33.1 seem to get sick a little easier than others

o 1 — Definitely true
o 2 — Mostly true
o 3 — Don't know
o 4 — Mostly false
o 5 — Definitely false

34.1 am as health as anybody I know
o 1 — Definitely true
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o 2 — Mostly true

o 3 — Don't know
o 4 — Mostly false
o 5 — Definitely false

35.1 expect my health to get worse
o 1 — Definitely true
o 2 — Mostly true
o 3 — Don't know
o 4 — Mostly false
o 5 — Definitely false

36. My health is excellent
o 1 — Definitely true
o 2 — Mostly true
o 3 — Don’t know
o 4 — Mostly false
o 5 — Definitely false
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Appendix T: Godin Leisure-Time Exercise Questionnaire

Godin Leisure-Time Exercise Questionnaire

Participant ID:

Date:

1.) This question asks about your usual leisure-time exercise habits in a normal week. Fill
out how many times on average you take part in mild, moderate, and strenuous

exercise for at least 15 minutes at a time during your free time in a one-week
period. Record this number on the line beside the question.

Times per Week

A. STRENUOUS
EXERCISE
(Heart beats
rapidly)
(e.g., running, jogging, vigorous
swimming, vigorous long
distance cycling, basketball,
soccer, cross country skiing.)

B. MODERATE
EXERCISE
(Not
exhausting)
(e.g., fast walking, easy
swimming, easy cycling,
baseball, tennis, volleyball,
alpine skiing, dancing.)

2.) During a typical 7-day period (a week), in your leisure time, how often do you engage
in any regular activity long enough to work up a sweat (heart beats rapidly)?

OFTEN o SOMETIMES o NEVER/RARELY
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Appendix U: Hospital Anxiety and Depression Scale
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Hospital Anxiety and Depression Scale (HADS)

Participant ID:

Date:

Instructions: This questionnaire asks about your feelings over the past week. Please read sach
heading and circle the reply that comes dosest to desaibing how you have been feeling in the past
week, Don't take too long to consider your replies, your immediate reaction to each tem will be more
accurate than a long thought out response.

1.) | feel tense or ‘wound up”: A 5.} Ifeel as if | am slowed down: D
Mast of the time 3 Mearly all of the time 3
A lot of the time 2 VNeryoften 2
Time to time, occasionally 1 Sometimes 1
Mot at all 0 Mot at all 0
2.) Istill enjoy the things lusedto D 6.} | get asort of frightened A
enjoy: feeling like ‘butterflies in the
stomach’:
Definitely as much 0 Mot at all 0
Mot quite so much 1 Occasionally 1
Only a little 2 Cluite often 2
Mot at all 3 Yery often 3
3.) | get a sort of frightened feeling A 7.} I have lost interest in my D
like something awful is about to appearance:
happen:
Very definitely and quite badly 3 Definitely 3
Yes, but not too badly 2 | dom't take as much care as | 2
should
A little, but it doesn't worry me 1 | may not take quite as much care 1
Mot at all 0 | take just as much care as ever 0
4.} | can laugh and see the funny D 8.) | feel restless as if | have to A

side of things: be on the mowve:

As much as | always could 0 Yery much indeed 3
Mot quite so much now 1 Cluite a lot 2
Definitely not so much now 2 Mot very much 1
Mot at all 3 Mot at all a
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9.) Worrying thoughts go through A 12.) |look forward with
my mind: enjoyment to things:
A great deal of the time 3 A much as | ever did
A lot of the time 2 Rather less than | used to
From time to time but not too often 1 Definitely less than | used to
Only occasionally 0 Hardly at all
10.) |feel cheerful: D 13.}_ | get sudden feelings of
panic:
Mot at all 3 Yery often indeed
Mot often 2 Cluite often
Sometimes 1 Mot very often
Most of the time 0 Mot at all
11.) | can sit at ease and feel A 14.) lcan enjoy a good book or
relaxed: radio or TV program:
Definitely 0 Often
Usually 1 Sometimes
Mot often 2 Mot often
Mot at all 3 VWery seldom
Scoring:
Total Score: Deprassion (D) Arnxiety (A)
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Appendix V: Short Form McGill Pain Questionnaire
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Short Form McGill Pain Questionnaire

Participant ID:

Date:

This guestionnaire relates to the pain that you typically experience.

1.) Please place 2 tick in the box that best represents the degres to which you experizence each
type of pain listed, on average day to day.

None (0) Mild (1) Moderate (2) Severe (3)

Throbhing
Shooting
Stabbing

Sharp

{intense)
Cramping
Gnawing

{dull, constant)
Hot-Burning
Aching

Heavy

{part of body feels
heavy)

Tender {to touch)
Splitting
{intolerable,
overpowenng)
Tiring'Exhausting
Sickening
Fearful
Punishing/Cruel

2.) Please make a mark on the line below to indicate the intensity of pain you feel on a typical day.

Mo Pain Worst Possible Pain
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3.) Pleass select one of the 6 words below that best describes your typical pain by placing a check
mark on the line that comresponds to that level of pain.

{0) No Pain
(1) Mild Pain
{2) Discomforting
{3) Distressing
{4) Horrible
{5) Excruciating
Scoring:
Score
I-a 5-PRI (Sensory Pain Rating Index)
I-b A-PRI (Affective Pain Rating Index)
[-atb T-PRI (Total Pain Rating Index)
il PPI-VAS (Present Pain Intensity — Visual Analog
Scale)
I Evaluative Overall Intensity of Total Pain
Experience
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Appendix W: Symbol Digit Modalities Test
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Appendix X: 10 Meter Walk Test Score Sheet

Participant ID:

Date:

Assistive Devices and/or Bracing Used:

Seconds to ambulate 10m (only the interim 10m are timed)

Self-Selected Velocity: Trial 1 sec.
Self-Selected Velocity: Trial 2 sec.
Self-Selected Velocity: Trial 3 sec.
Self-Selected Velocity: Average Time sec.

Actual Velocity: Divide 10 by the average seconds above

Average Self-Selected Velocity: m/sec
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Appendix Y: 6 Minute Walk Test Score Sheet

Sit Less

with - .:

Participant ID:

Date:

Assescor 1.

Rate of perceived exsrtion before test: (RPE: 1-10)
Blood pressure before test:

Heart rate before test:

Assistive devices and/or bracing used:

Rate of perceived exertion at 2 minutes:

Rate of perceived exsrtion at 4 minutes:

Rate of perceived exertion upon completion of test:

Stopped or pausaed before & minutes? No [ Yes If

yes: Duration: min S0

Reasons for stopping:

(1 = desatwvation, 2 = ovthapedic pain, 3 = musdle fatigue or pain, 4 = breathlessness, 5§ = adverse

avent) If adverse event, record event: anging, lightheadednass, intolerable dyspnea, feg cramps,
staggering, diaphoresis, pale appearance, mental confsion, headache, et
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Participant ID:

Date;

Assessor J;

Time of day at start of 6BMWT: am [ pm

Lap counter;

Number of Laps Completed:

Residual distance walked in final lap: meters

Total distance coverad in 6 minutes: meters

Supplementzl oxygen during the test: No
Yes,  Flow: L/min

RPE: SPO:: HR.: BP:
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Rate of Perceived Exertion (RPE
Scale:

Rating Perceived Exertion | i
6 No effort
7 Extremely light
8
o Very light
10
11 Light
12
13 Somewhat hard
14
15 Hard
16
17 Very hard
18
19 Extremely hard

20

Maximal effort
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Appendix Z: Short Physical Performance Battery Score Sheet
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Short Physical Performance Battery (SPPB) Score Sheet:

Participant ID:

Date:

SCORING:

A. Side-by-side-stand

Held for 10 sec 1 peint If participent did not aftempt test or failed, orcle why:

Not held for 10 sec 0 points Tried but unable 1

Mot attempted 0 points Participant could net hold position unassisted 2

If O points, end Balance Tests Not attempted, you felt ursafe 3
Not attempted, participant felt unsafe 4
Farticipant unable to understand

Wumber of secands held if instruchions 5

less than 10 sec:_____ _sec Other {specify} [}
Participant refused 7

B. Semi-Tandem Stand

Held for 10 sec 0 1 paink
Mot held for 10 sec O 1 painks
Mot attempted O 0 points {circle reason obove)

If O points, end Balance Tests

Number of secands held if less than 10 sec:_ . sec

C. Tandem Stand

Held for 10 sec 7 2 peints

Held for 3 ta 9.99 sec O 1 point

Held for < than 3 sec 0 points

Mot attempted 3 0 peints (circle reason above)

Wumaer of seconds helg if less than 10 secc . _sec

D. Tetal Balance Tests score (sum peints)

Comments:
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GAIT SPEED TEST SCORING:
Length of walk test course:  Four meters O Three meters 0

A. Time for First Gait Speed Test (sec)

1. Time for 3 or 4 meters __ . _ sec

2. If participant did not attempt test or failed, circle why:
Tried but unable
Participant could motl walk unassisted
Mot attempted, you fell unsafe
Mot attempted, participant felt unsafe
Participant unable Lo undesstand irstructions 5

LT

Other (Specify) 6

Participant refused 7

Complete score sheet and go to chair stand test
3. Aids for first walk.......oooeaee None [ Cane 03 Other 0
Comments:,

B. Time for Second Gait Speed Test (sec)
1. Time for 3 ar § melers __ . sec
2. If participant did not attempt test or failed, circle why:

Tried but unakle 1

Participant could mot walk unassisted 2

Not attempted, you falt unsafe 3

Not attempted, participant felt unsafe i

Farticipant unable to undesstand instructions 5

Other [Specify) [

Participant refused 7
3. Ais for second walk............ Mone O Cane 3 Other O
What 15 the time for the faster of the bwo walks?
Gecard the shorter of Lhe two times __ st

[If only 1 walk denre, record that time] __ . sec

If the participant was unable to do the walk: O O peints

For 4-Meter Walk: Far 3-Meter Walk:

If time is more than 8.70 sec: 1 paint If time is mare than 6.52 sac:
If time is .21 to 8.70 sec: A 2 peints If time is 4.66 to 6.52 sec:

If time is 4.82 to 6.20 sec: 7 3 points If time is 3.62 to 4.85 sec:

If time is less than 4.82 sec: 1 4 peints If time is less than 3.62 sec:
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SCORING
Single Chair Stand Test

A. Safe to stand without help
B. Results:
Participant stood without wsing arms O  —= Go to Repeated Chair Stand Test
Participant used arms to stand 0O — End test; score as 0 points
Test not completed O —= End test; score as 0 points

L. If participant did not attempt test or failed, circle why:
Tried but unable
Participant could not stand unassisted
Not attempted, you felt unsafe
Not attempted, participant felt unsafe
Participant unable to understang instructions
Other (Specify)
Participant refused

= 3O S ek A

Repeated Chair Stand Test
YES ND
A Safe to stand five times [m |

B. If five stands done successfully, record time in seconds.

Time Lo complete five stands __ ____ ___sec
. If participant did not attempt test or failed, circle why:
Tried but unable
Participant could not stand unassisted
Not attempted, yvou felt unsafe
Not attempted, participant felt unsafe
Participant unable Lo understand instrucbions
Other (Spacify)
Participant refused

el O N P W B

Scering the Repeated Chair Test

Participant unable to complete 5 chair stands or completes stands in =80 sec: 0 points
If chair stand time is 16.70 sec or more: 1 points
If chair stand time is 13.70 to 16.5% sec: M 2 points
If chair stand time is 11,20 to 13.69 ser: M3 points
If chair stand time is 11,19 se¢ or less: 0 & points
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Final Scores for SPPB:

Test Scores

Total Balance Test scare
Gait Speed Test score
Chair Stand Test score

Tatal Score

points
points
points

points (sum of points abave)
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