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Abstract

Background: Current guidelines emphasize an active lifestyle in the management of knee osteoarthritis (OA), but up to 90%
of patients with OA are inactive. In a previous study, we demonstrated that an 8-week physiotherapist (PT)-led counseling
intervention, with the use of a Fitbit, improved step count and quality of life in patients with knee OA, compared with a control.

Objective: Thisstudy aimed to examine the effect of a 12-week, multifaceted wearable-based program on physical activity and
patient outcomes in patients with knee OA.

Methods: This was a randomized controlled trial with a delay-control design. The immediate group (1G) received group
education, a Fitbit, access to FitViz (a Fitbit-compatible app), and 4 biweekly phone calls from a PT over 8 weeks. Participants
then continued using Fitbit and FitViz independently up to week 12. The delay group (DG) received amonthly electronic news etter
in weeks 1 to 12 and started the same intervention in week 14. Participants were assessed in weeks 13, 26, and 39. The primary
outcome was time spent in daily moderate-to-vigorous physical activity (MVPA; in bouts =10 min) measured with a SenseWear
Mini. Secondary outcomes included daily steps, time spent in purposeful activity and sedentary behavior, Knee Injury and OA
Outcome Score, Patient Health Questionnaire-9, Partners in Health Scale, Theory of Planned Behavior Questionnaire, and
Self-Reported Habit Index.

Results. We enrolled 51 participants (IG: n=26 and DG: n=25). Compared with the IG, the DG accumulated significantly more
MV PA time at baseline. The adjusted mean differencein MV PA was 13.1 min per day (95% CI 1.6 to 24.5). A significant effect
was also found in the adjusted mean difference in perceived sitting habit at work (0.7; 95% CI 0.2 to 1.2) and during leisure
activities (0.7; 95% CI 0.2 to 1.2). No significant effect was found in the remaining secondary outcomes.
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Conclusions: A 12-week multifaceted program with the use of awearable device, an app, and PT counseling improved physical

activity in people with knee OA.
Trial Registration:

Clinical Trials.gov NCT02585323; https://clinicaltrials.gov/ct2/show/NCT02585323

(JMIR Mhealth Uhealth 2020;8(7):€19116) doi: 10.2196/19116
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Introduction

Background

Arthritisis the most common cause of severe chronic pain and
disability worldwide [1,2]. Analysis by the Arthritis Alliance
of Canada estimates a new diagnosis of osteoarthritis (OA)
every 60 seconds [3]. Current evidence supports the use of
physical activity to manage OA because of its benefits on pain,
mobility, and quality of life [4-6]. Guidelines by the OA
Research Society International recommend the use of physical
activity and therapeutic exercise asfirst-line treatment for knee
OA [7]. Canadian physical activity guidelinesrecommend =150
min aweek of moderate-to-vigorous physical activity (MVPA),
performed in bouts of =10 min [8]. A study using
accelerometers, however, found that over 90% of people with
knee OA did not meet the physical activity guidelines[9]. This
concurswith a systematic review that only 13% of people with
OA accumulated =150 min per week of MV PA in bouts of >10
min [10].

Several modifiable factors are associated with low physical
activity participation in patients with arthritis. These include
lack of motivation [11], doubts about the effectiveness of
exercise [12], and lack of health professional advice [13]. To
promote an active lifestyle, the use of activity tracking devices
has been explored based on the assumption that providing direct
feedback on the amount of physical activity encourages people
to meet specific targets. A systematic review of 14 randomized
controlled trials (RCTs) of accelerometer-based interventions
reported a small effect on physical activity participation
(standardized mean difference 0.26; 95% CI 0.04 to 0.49).
Notably, consumer-grade accelerometers promote physical
activity behaviors through the use of behavioral change
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techniques[14], such asgoal setting, self-monitoring, feedback,
and rewards[15]. However, effective techniques such as action
planning and problem-solving are absent from the use of these
devices alone [15]. These techniques require contact with a
health professional with counseling experience.

Our previousstudy [16] and Lyonset a [17] have demonstrated
the feasibility of a physical activity counseling program with
the use of a Fithit (Fitbit Inc), a consumer-grade wearable
device. Our subsequent study showed that an 8-week
physiotherapist (PT)-led counseling program improved step
count and quality of life in people with knee OA, compared
with acontrol [18].

Study Aim

In this study, we aimed to assess the effect of a 12-week
multifaceted intervention on improving activity participation
in people with knee OA. Our primary hypothesis was that,
compared with control s, those who received the program woul d
increase mean daily MV PA time as determined by an objective
measure. In addition, we explored the effect of the program on
OA disease status, depressive symptoms, perceived habitual
behaviors, and psychological constructs of being active.

Methods

Study Design

The Supporting Physical activity & Reducing sedentary
behaviour in Arthritis (SUPRA) project was a proof-of-concept
RCT with a delay-control design. Participants were randomly
assigned to start the intervention either immediately (immediate
group [IG]) or 14 weeks (delay group [DG]) after completing
the baseline assessment. All participants were reassessed in
weeks 13 (primary end point), 26, and 39 (Figure 1).
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Figure 1. Consolidated Standards of Reporting Trials flowchart.
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2 criteria for early OA [19]. People with other chronic

muscul oskeletal conditionsor contraindicationsto be physically
active without medical supervision were excluded (Textboxes

d2).
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Textbox 1. Inclusion criteria.

Inclusion criteria

Patients who had a physician-confirmed diagnosis of knee osteoarthritis or were aged =50 years and had felt pain or discomfort in or around the
knee during the previous year lasting >28 separate or consecutive days [19]

Patients who had no previous diagnosis of rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, polymyalgia rheumatica, connective

tissue diseases, fibromyalgia, or gout

«  Patients who had no history of using disease-modifying antirheumatic drugs or gout medications
«  Patients who had no prior knee arthroplasty and not on awaiting list for total knee or hip replacement surgery
. Patientswho did not have surgery in the back, hip, knee, foot, or ankle jointsin the past 12 months

«  Patientswho had no history of acute injury to the knee in the past 6 months

«  Patientswho had an email address and access to the internet daily

«  Patientswho were able to attend a 1.5-hour group education session

Textbox 2. Exclusion criteria.

Exclusion criteria

«  Patientswho had previously used a physical activity wearable tracker

«  Patients who received a steroid injection in aknee in the last 6 months
«  Patientswho received a hyaluronate injection in akneein the last 6 months
«  Patients who used medication that may impair activity tolerance (eg, beta blockers)

« Patientswho faced alevel of risk by exercising as identified by the Physical Activity Readiness Questionnaire [20]. If a participant did not pass
the Physical Activity Readiness Questionnaire, a physician’s note was requested to determine the eligibility

Randomization and Blinding

After completing the baseline measures, participants were
randomly assignedto the |G or theDG inal:1 allocation ratio.
Randomization was performed by a research staff not involved
in the study using numbers generated by SASversion 9.4 (SAS
Ingtitute Inc) in variable block sizes to ensure alocation
concealment. Participants were not blinded as they knew
whether they received the program during the intervention
period. Daily MV PA time (the primary outcome) was measured
with awearable multisensor device couriered to the participant
to wear for 7 days. All research personnel processing the
objectively measured physical activity datawere blinded to the
participants’ group assignment. Self-reported measures were
completed by the participant via aweb-based questionnaire.

I ntervention

The intervention has 3 components: (1) an in-person session
with 20 min of group education and 30 min of individual
counseling with a PT, (2) the use of a Fithit Flex-2 wristband,
and (3) PT counseling by phone to review physical activity
goals (20-30 min). Thein-person session was held in ameeting
room at either the Mary Park Arthritis Centre, Fraser Health
Authority, or Arthritis Research Canada. Fithit is a
consumer-grade wearable device that tracks and displays steps
walked, gross level of physical exertion, and time spent being
active. It is easy for users to put on and remove for charging.
Fitbit Flex-2 is splash proof but cannot be used during
water-based activities (eg, shower, swimming). Participants
may record activities not captured by the device on the Fitbit
website. Participants could view their physical activity goal

https://mhealth.jmir.org/2020/7/€19116

attainment on FitViz, a new Fithit-compatible web-based app
developed for this study [21].

All 8 study PTscompleted a2-day basic training in motivational
interviewing at the University of British Columbia [22]. In
addition, they attended an orientation session, received a
counseling guide, and shadowed at least one education and
counseling session before they were paired with a participant.

Participantsin the |G were scheduled to attend a PT-led group
education session that focused on physical activity in OA
management and strategies to manage joint symptoms. Next,
each participant was paired with the next available study PT.
During the individual counseling, PTs used the Brief Action
Planning approach [23] to guide participants to set specific,
measurable, attainable, relevant, and time-bound (SMART)
physical activity goals. An example of a SMART god is
“attending a pool exercise class in a community center every
Tuesday and Saturday for the next three months.”

Study PTsthen set the parameters on their assigned participants
FitViz accounts based on the participant's goals. These
parameters included the following: (1) the upper and lower
limits of intensity and duration of MVPA (ie, to promote
physical activity based on the participant’'sgoal), (2) theduration
when asedentary behavior should beinterrupted (ie, to promote
lesssitting), and (3) the rest time in between sessions of MV PA
(ie, to promote pacing).

During weeks 1 to 8, the study PT remotely reviewed
participants’ progress on FitViz and counseled them to modify
their physical activity goals via 4 biweekly phone calls. A
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counseling guide was provided, and the discussion was
documented by the PT. During weeks 9 to 12, participants
continued using their Fithit and FitViz but had no counseling
calls with their PTs. However, participants could email their
PTs if there were questions related to being physically active.
At the end of the program, participants could keep their Fitbit
and FitViz account.

The DG received the same intervention in week 14. During the
waiting period, they received monthly emails of arthritis news
that were unrelated to physical activity.

Outcome M easures

The primary outcome measure was mean daily MVPA time
measured with SenseWear Mini (BodyMedia Inc). SenseWear
integratestriaxial accelerometer data, physiological sensor data,
and personal demographic information to provide estimates of
steps and energy expenditure. A strong relationship has been
found between SenseWear and indirect calorimetry measures
of energy expenditure for activities of daily living (Pearson
r=0.85) [24]. The device can be worn 24 hours a day and can
capture a full picture of physical activity and off-body time
throughout the day [25]. Animportant feature of SenseWear is
its ability to differentiate between sedentary and light physical
activities [26]; hence, it is an idea instrument to assess both
active and sedentary behaviors.

Participants wore a SenseWear Mini over thetricepsfor 7 days
at each assessment. Almeida et al [27] determined that a
minimum of 4 days of wear was required to reliably assess
energy expenditure from different levels of physical activity in
people with rheumatoid arthritis (intraclass correlation
coefficient >0.80). We calculated the average MVPA
accumulated in bouts (min per day). A bout was defined as =10
min at the level of =3 metabolic equivalent of the task (MET),
with an alowance for interruption of up to 2 min below the
threshold [28].

The secondary outcomes included the following:

1. Average daily timein purposeful activity performed in =24
MET in bouts of =10 min, with allowance for interruption
of upto 2 min below thethreshold (eg, brisk walking) [29].
2. Averagedaily step count.

. Averagedaily timein sedentary behavior performedin<1.5
MET in bouts of =220 min during waking hours [30-33].
Knee Injury and OA Outcome Score (KOOS) [34,35].
Partnersin Health Scale (PIHS) [36].

Theory of Planned Behavior Questionnaire [37,38].
Patient Health Questionnaire-9 (PHQ-9) [39].
Self-Reported Habit Index [40,41].

We used SenseWear to measure purposeful activity time, steps,
and sedentary behavior time. The KOOS consists of 5 subscales:
pain, symptoms, activities of daily living, sports/recreation, and
knee-related quality of life. It was originaly developed for
people recovering from injuries such as the anterior cruciate
ligament and meniscusinjury and was validated in patientswith
OA [34,35]. The PIHS isa 12-item measure designed to assess
self-efficacy, knowledge of health conditions and treatment,
and self-management behavior, such as adopting a healthy
lifestyle (Cronbach a=.82) [36]. Motivation for engaging in

o N o oA
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physical activity was measured using the Rhodes 7-point
Likert-type Theory of Planned Behavior questionnaire [37,38].
The questionnaire consists of 16 itemsmeasuring all components
of the theory. Previous studies using this measure showed good
predictivevalidity and internal consistency in adult populations
[37,38].

The PHQ-9 consists of 9 questions that correspond to the
diagnostic criteriafor major depressive disorder. A score greater
than 11 indicates a major depressive disorder [39]. The
Self-Reported Habit Index isa 12-item scale, rated on a 7-point
Likert scale, which measures characteristics of habitual behavior
(reliability minimum a=.81) [40,41]. We asked participants to
rate their strength of habit for 3 specific activity-related
behaviors: sitting during leisure time at home, sitting during
usua occupational activities, and walking outside for 10 min.
A higher scoreindicates astronger habit or behavior that isdone
frequently and automatically. Demographic variables and
comorbid conditions were collected at baseline.

Adver se Event and | ntervention Fidelity Monitoring

We tracked adverse events (falls as well as cardiovascular and
musculoskeletal events) related to their physical activity [42]
in the follow-up questionnaire at weeks 13, 26, and 39.
Participants were deemed adhering to the 12-week intervention
protocol if they (1) attended the education session, (2) used their
Fitbit =5 days per week in =11 weeks, and (3) participated in
>3 of 4 counseling calls. We monitored participants' Fitbit wear
using FitViz, which wirelessly synchronized physical activity
datarecorded by aFitbit 150 times per hour [43]. We cal culated
the percentage of participants meeting each criterion and all 3
criteria.

Data Analysis

Descriptive analysis was used to summarize participant
characteristics and comorbid conditions. We performed an
intention-to-treat analysis using SAS version 9.4. The analysis
of covariance (ANCOVA) was used for the main analysis to
estimate an adjusted mean difference comparing timein MV PA
(primary outcome) at 13 weeks between groups, adjusting for
baseline MV PA and blocking. In asecondary analysis, we used
a longitudinal mixed effects model that alowed us to
additionally examinetheintervention effectsat 26 and 39 weeks
after intervention initiation. The mixed effects modelsincluded
the following variables as fixed effects: (1) the randomization
group indicator for baseline difference, (2) a set of indicator
variables for follow-up assessment time points (weeks 13, 26,
and 39) to account for secular trend, and (3) a set of indicator
variables for the lengths of time since intervention initiation
(weeks 12, 25, or 38) to estimate intervention effects after these
amounts of time postintervention initiation. The models
additionally included participants as random effects to account
for the repeated measures nature of the data. We used the
sandwich estimators for linear mixed models [44] to compute
empirical standard errors that were robust to model
specifications. We examined the secondary outcomes at 13
weeks using ANCOVA and over weeks 26 and 39 using the
mixed effects models mentioned earlier.
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Sample Size

We estimated that our collaboration with health authorities and
patient groups alowed the study to recruit 60 eligible
participants within 12 months. Our previous study of a similar
physical activity counseling program resulted in an estimated
MVPA time of 75.5 min per day (SD 54.3) in the intervention
group and 50.0 min per day (SD 46.8) in the controls [18].
Assuming approximately 15% attrition, we anticipated that 50
of the 60 participants would complete the study. With asample
size of 50, we would have 74% power at an o level of 0.1 (via
aone-sided test).

Ethics

Theresearch protocol was approved by the University of British
Columbia Behavioural Research Ethics Board (application

https://mhealth.jmir.org/2020/7/€19116
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number: H15-02038) and published in ClinicalTials.gov
(NCT02585323).

Results

Baseline Characteristics

In the years 2017 to 2019, 253 people indicated an interest to
participate, and 221 met the eligibility criteria (Figure 1). Of
these, werecruited 51 participants (1G: 23/26, 88% werewomen;
DG: 19/25, 76% were women). Both groups were similar in
age (1G: mean 65.0, SD 8.3 years; DG: mean 64.8, SD 9.0 years)

and BMI (IG: mean 29.8, SD 9.0 kg/m?; DG: mean 28.9, SD

6.2 kg/m?). Approximately 55% (28/51) of the participants did
not meet the Canadian physical activity guidelines at baseline
(Table 1).
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Table 1. Baseline characteristics of participants.

Lietd

Variables All (N=51) Immediate group (n=26)  Delay group (n=25)
Women, n (%) 42 (82) 23(89) 19 (76)
Age (years), mean (SD) 64.9 (8.5) 65.0 (8) 64.8 (9)
Marital status, n (%)
Married/common law 30 (59) 18 (69) 12 (48)
Separated/divorced 10 (20) 5(19) 5(20)
Widowed/never married/other 11 (22) 3(12) 8(32)
University degree or trades certificate, n (%) 25 (49) 14 (54) 11 (44)
Gross annual household income (US $), n (%)
<24,000 2(4) 0(0) 2(8)
24,001-40,000 6 (12) 2(8) 4(16)
40,001-60,000 9(18) 4(15) 5(20)
60,001-80,000 8(16) 4(15) 4(16)
80,001-100,000 7(14) 5(19) 2(8)
>100,000 7 (14) 3(12) 4 (16)
No answer 12 (24) 8(31) 4(16)
Diagnosed with OA2 n (%)
Yes 37(73) 20 (77) 17 (68)
No, but met the likely OA criteria 14 (28) 6 (23) 8(32)
In general, would you say your health is, n (%)
Excellent 6(12) 1(4) 5 (20)
Very good 14 (27) 10(39) 4(16)
Good 22 (43) 11 (42) 11 (44)
Fair 8(16) 3(12) 5(20)
Poor 1(2 1(4) 0(0)
Compared with 1 year ago, how would you rate your health in general now? n (%)
Much better 3(6) 1(4) 2(8)
Somewhat better 8(16) 4(15) 4(16)
About the same 24 (47) 11 (42) 13 (52)
Somewhat worse 16 (31) 10(39) 6 (24)
Much worse 0(0) 0(0) 0(0)
Number of comorbid conditions, median (25th, 75th percentile) 3.0(2.0,5.0) 4.0(3.0,5.0) 3.0(2.0,4.0)
BMI (kg/m?), mean (SD) 29.4(7.7) 29.8(9.0) 28.9(6.2)
Participants did not meet the Canadian physical activity guideline (=150 minof 28 (55) 15 (58) 13 (52)

MVPAP in bouts of >10 min per week), n (%)

80A: osteoarthritis.
BMVPA: moderate-to-vi gorous physical activity.

Comparison of the Immediate Group With Delay
Group

Table 2 and Figure 2 present the results of the primary outcome
from 4 time points. At baseline, the mean MV PA timewas 31.0
min per day (SD 37.3) for the IG and 71.3 min per day (SD
99.8) for the DG. The DG accumulated significantly more
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RenderX

MV PA time—2 outliners accumulated a mean of >300 min per
day (Figure 3). At 13 weeks (the primary end point), the IG
accumulated a mean MVPA of 37.7 min per day (SD 30.5),
whereas the DG had 49.4 min per day (SD 63.6). The adjusted
mean difference in time spent in MVPA between groups
following the intervention at 13 weeks was 13.1 min per day
(95% CI 1.6 to 24.5), favoring the IG. Analyses adjusted for
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blocking yielded nearly identical results; thus, it wasremoved (9.4 min per day; 95% CI -3.0 to 21.7), 25 weeks (-3.0 min
from subsequent analyses. A secondary analysisusingamixed per day; 95% Cl —34.9t0 29.0), and 38 weeks (0.2 min per day;
effects model revealed smaller intervention effectsat 12 weeks  95% Cl —44.0 to 44.4) postprogram initiation (Table 3).

https://mhealth.jmir.org/2020/7/€19116 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 7| €19116 | p. 8
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lietd

Table 2. Participant outcomes and results of the primary analysis.

Measures Immediate group, mean (SD) Delay group, mean (SD) Adjusted differencein mean
changeat TO-T1
Baseline 13weeks 26 weeks 39weeks Baseline 13weeks 26weeks 39weeks Meandifference P value
(TG, (T (T2 (T3; (TO; (T1; (T2 (T3; (95% CI)
n=26) n=24) n=22) n=20) n=25) n=24) n=22) n=23)
Timein MVPA2DP 310 37.7 37.0 34.0 713 494 74.6 54.8 13.1(1.6t024.5) .03
(min) (37.3) (30.5) (32.3) (25.2) (99.8) (63.6) (102.1) (66.2)
Time in purposeful 1.1 13.3 13.7 12.8 421 231 36.5 22.0 16(-30t06.1) .50
activity® (min) (19.5) (20.0) (18.8) (16.8) (80.2) (37.1) (62.6) (42.3)
Dally steps 6294.0 7133.3 6381.6 5845.3 7030.1 6232.7 8162.3 7445.1 1106.5(-19.9t0 .05
(3418.0) (3603.3) (3492.0) (2575.5) (3921.6) (3086.1) (6642.3) (4713.2) 2232.9)
Sedentary ti med (min) 567.5 531.4 4925 502.8 551.1 558.3 499.5 483.1 -295(-758t0 .21

(183.1) (1735) (156.6) (135.3) (2349  (2249) (2489) (2254) 16.7)
Kneelnjury and Osteoarthritis Outcome Scor e (0-100; higher=better)

Symptoms 68.5 69.3 65.4 68.4 65.7 66.9 72.2 72.5 -14(-7.8t04.9) .66
(20.7) (12.7) (45.8) (16.3) (12.3) (14.9)f (16.8)9 (13.3)9
Pain 72.6 73.1 72.5 72.1 65.1 65.9 74.8 72.8 25(-4.2t095) .49
(13.5) (15.3) (18.3) (19.8) (13.7) (15.6)f (15.4)9 (13.2)9
Activity of daily  75.5 75.0 777 748 722 703 80.3 80.0 28(-331088) .37
living 24.7) (13.1) (18.9) (20.7) (15.8) (16.9)f (13.1)9 (14.0)9
Sportsand recre-  47.9 47.1 50.5 51.6 46.8 52.5 62.5 55.8 -3.8(-14.9to .50
ation (23.7) (22.4) (30.1) (30.4)¢ (25.4) (22.7)f (22.5)9 (26.3)9 7.2)
Quality of life 44.0 48.7 49.4 49.3 475 46.9 54.7 54.4 14(-5.0t07.9) .66
(16.0) (17.5) (15.7) (19.1) (16.0) (13.6)f (14.7)9 (14.6)9
Partnersin Health (0-  76.8 76.7 789(9.0) 810 780 816 826 826 -23(-66t019) .28
96; higher=better) (11.0) (11.5) (7.0° (12.0) (9.6)f (9.3)9 (10.0)9

Patient Health Ques- 5.2(4.6) 4.0(3.0) 3.6(33) 42 (4.1)° 54(553) 47 (4_9)f 45(5.2)9 45(5.3)9 -04(-1.7t00.8) .47
tionnaire-9 (0-27;
lower=better)

Self-Reported Habit Index (1-7; higher=stronger habit)

Sitting at work 50(14) 52(16) 4721 5o (L9)° 45(21) 44 (2.0)f 43219 41219 0.7(0.2t01.2) .004
subscale

Sitting at leisure 48 (1.1) 51(11) 50(L1) 55 (L.1)® 51(14) 47 (1.6)f 44199 47709 0.7(0.2t01.2) .006
subscale

Walkingsubscale 4.3(1.8) 4.4(16) 46(18) 47 (1.8)° 48(20) 46 (2.0)f 48(1.6)9 4.6(1.8)9 0.3(-0.3t00.9) .27
Theory of Planned Behavior Questionnaire (1-7; higher=more positive)

Attitudetoward 6.0(0.6) 5.9(0.7) 6.0(0.5) 6.0 (0.5 6.1 (0.6) 6.1(0.7)f 6.2(0.6)9 6.1(0.7)9 -0.1(-04t00.2) .63
physical activity

Subjectivenorm  6.2(0.6) 6.2(0.8) 6.1(0.8) 6.2 (1.1)¢ 6.3(0.8) 6.2(0.7)f 6.3(0.8)¢ 6.3(0.7)9 0.2(-0.1to0.5) .13
Perceivedcontrol 5.8 (1.0) 56(14) 56(15 57(1.4° 6107 5812 62109 62099 01(-06t008 .80

Intention 62(08) 59(10) 57(L1) 5g (0.8)° 63(08) g4 (O.G)f 6.4(0.6)9 6.3(0.9)9 01(-0.1t00.3) .22

3V PA: moderate-to-vigorous physical activity.

PMVPA was performed at >3 metabolic equivalent of tasks and in bouts =10 min.
CPurposeful activity was performed at >4 METs and in bouts =10 min.
dSedentary behavior was performed at <1.5 METs in bouts =20 min.

®n=19.

fh=22.

9n=24.
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Figure 2. Timein moderate-to-vigorous physical activity.
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Figure 3. Boxplot of time in moderate-to-vigorous physical activity at baseline and 13 weeks.
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Table 3. Results of mixed effects models.

Lietd

Measures

Intervention effect postprogram initiation (95% Cl)

12 weeks

25 weeks

38 weeks

Secular trend (95% CI)

T22 effect vs T1P

T3 effect vs T1

Timein MVPA%€ (min)

Timein purposeful activityf (min)

9.4 (-3.0t021.7)

15(-8.41t0 11.5)

-3.0 (-34.910 29.0)

-9.0(-3351015.5)

Daily steps 1461.2 (433.8to 715.0 (-1995.9 to
2488.6) 3425.9)
Sedentary timeY (min) -32.2(-78.1to -62.6 (-162.8 to
13.7) 37.6)
Symptoms -2.2(-8.2t03.4) -12.4(-22.6t0
-2.2)
Pain 0.3(-6.2t06.8) -7.8(-19.7t04.1)

Partnersin Health (0-96; higher=bet-

ter)

Patient Health Questionnaire-9

Activity of daily living

Sports and recreation
Quality of life

(0-27; lower =better)

Sitting at work subscale

Sitting at leisure subscale

Walking subscale

Beliefstoward physical activity

Subjective norm
Perceived control

Intention

11(-5.0t07.1)
-74(-18.7103.9)
2.4(-46109.3)
-1.7 (-5.7t0 2.4)

-0.9(-2.4100.6)

0.4(-0.3t01.1)
0.6 (0.1t0 1.0)
0.3(-0.3100.9)
-0.1(-0.4100.2)
0.1(-0.3t00.5)
0.0(-0.6100.7)
-0.4 (-0.7t0 -0.1)

-46(-16.2107.0)
-21.2 (-42.4100.1)
-2.1(-13.6109.4)
-38(-10.9t03.3)

-1.3(-4.0t01.3)

03(-1.1t0 1.6)
1.4 (0510 2.4)

0.4 (-0.6 0 1.4)
-0.2(-0.7t00.3)
0.0(-0.610 0.6)
-0.4(-1.6100.7)
-11(-1.7t0-0.4)

0.2 (-44.0 to 44.4)
-6.8 (-42.310 28.6)

71.4 (~4063.6 to
4206.3)

-63.4(-217.6t0
90.8)

-21.1(-36.81t0
-5.4)

-15.1 (-33.1103.0)
-13.2(-32.0105.6)
-27.2 (-59.210 4.9)
-6.9 (-24.810 11.0)
-4.2(-15.2106.8)

-1.3(-55102.9)

0.6(-15102.7)
2.4(0.9103.9)

0.7 (-1.1t0 2.4)
-0.3(-1.1t00.4)
0.1(-0.9t0 1.1)
-0.7 (-25t01.1)
-15 (2.6 to -0.5)

11.9 (-12.4 t0 36.1)
10.0 (-8.0 to 28.0)

101.7 (-2142.6 to
2346.0)

-19.8 (-83.7 to
44.1)

6.1(0.2t0 11.9)

7.5(1.3t013.8)
8.1(2.710 13.6)
16.5 (5.110 27.9)
48(-321012.7)
34(-11107.9)

0.1(-1.2t0 1.5)

-05(-1.2t00.3)
-1.0 (-1.6 to -0.4)
0(-0.61t00.5)
0.2(-0.1t00.4)
0.0 (-0.4t00.4)
0.3(-0.3t01.0)
0.4(0.1100.7)

6.4 (-29.7 to 42.5)
6.9 (-21.31035.1)

336.9 (-3261.7 to
3935.4)

~7.6(-117.0to
101.9)

16.5 (6.2t0 26.9)

13.7 (2.0t0 25.4)
135 (2.110 24.9)
23.6 (2510 44.7)
9.0(-32t021.2)
5.6 (-2.710 13.9)

0.6 (-2.2103.3)

~05(-1.9t00.9)
-15(-2.5t0 -0.4)
-0.3(-1.4100.8)
0.2(-04100.7)
0.0 (-0.600.6)
0.8(-0.310 2.0)
1.0(0.3t01.7)

8T2: 26-week assessment.
BT1: 13-week assessment.
°T3: 39-week assessment.
dMVPA: moderate-to-vi gorous physical activity.

EMVPA was performed at =3 metabolic equivalent of tasks and in bouts of =10 min.

fPurposeful activity was performed at 24 METS and in bouts of =10 min.
9Sedentary behavior was performed at <1.5 METS in bouts of =20 min.

For the secondary outcome, a trend favoring the 1G, but not
statistically significant, was found from baseline to 13 weeks
in purposeful activity time (1.6 min per day; 95% Cl -3.0 to
6.1), step count (1106.5; 95% Cl —19.9t0 2232.9), and sedentary
time (=29.5 min per day; 95% Cl —-75.8 to 16.7). The results
from the KOOS, PIHS, and PHQ-9 were aso not statistically
significant (Table 2). We found a small effect in perceived
sitting habit while at work (0.7; 95% CI 0.2 to 1.2) or during
leisure activities (0.7; 95% CI 0.2to0 1.2).

Secondary analysis demonstrated an effect attributableto being
in the program for daily steps at 12 weeks (1461.2; 95% ClI
433.8 to 2488.6; Table 3). Knee symptoms (measured by the
KOOS symptoms subscale), perceived sitting habit during
leisure activities, and intention to be physically active aso
showed statistically significant effects attributable to being in
the program for different durations, although statistically

https://mhealth.jmir.org/2020/7/€19116

significant secular trends were al so observed over the assessment
period.

Intervention Adherence and Adver se Events

Intervention adherencein the |G was 100% (26/26) for education
session attendance, 96% (25/26) for PT counseling phonecalls,
and 81% (21/26) for Fitbit use (Table 4). In dl, 81% (21/26) of
participants met al 3 fidelity criteria. Adherence rates were
similar in the DG when participants received the program in
week 13. During the 4 weeks when the PT counseling ended,
2 participants each from the |G and the DG contacted their study
PT via email with further questions regarding their physical
activity.

After starting the program, 10 of the 51 participants reported
adverse events because of physical activity; of those, 7 reported
muscle pain (1G: n=5 and DG: n=2). Falls were reported by 3
in the IG; of those, 2 fell while being physically active (1 had
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an ankle sprain). Three participants from the DG also reported
afall; 1 occurred while being physically active. Of theremaining

Table4. Summary of intervention adherence.

Lietd

2 participantswho had afall, 1 sustained avertebral compression
fracture.

Adherence criterion Immediate group Delay group (n=25), n (%) All (N=51), n (%)
(n=26), n (%)

Attended theinitial session with group education and met with aphysio- 26 (100) 25 (100) 51 (100)

therapist to set physical activity goals

Completed =3 of 4 counseling phone calls with a physiotherapist 25 (96) 22 (88) 47 (92)

Met Fithit use criteria® =11 weeks out of the 12-week intervention period 21(81) 20 (80) 41 (80)

Met 2 of 3 criteria 25 (96) 24 (96) 49 (96)

Met all 3 criteria 21 (81) 18(72) 39 (77)

Participants had steps recorded in their Fitbit =5 days per week.

Discussion

Principal Findings

Morethan 1in 6 peoplein the United States are using wearable
devicesto monitor their health [45], but the integration of these
toolsin chronic disease management is at an early stage. This
study demonstrated the potential of a multifaceted
wearable-based program for promoting MV PA in people with
knee OA. We found an effect in the adjusted mean difference
in time spent in MVPA between groups after the 12-week
program. Furthermore, the mixed effectsmodel analysissuggests
asignificant effect in daily steps attributable to the program.

These results, however, should be viewed in the context that
the DG accumulated significantly more daily MV PA time than
the |G at baseline, and the observed effect was primarily driven
by adeclinein daily MVPA timein the DG at week 13. More
than 80% of participants rated their health as “good,” “very
good,” or “excellent” at baseline, suggesting that they might
have few health constraintsto be physically active. Nonethel ess,
the results extend those of our previous RCT on a similar
program, whereby a significant improvement in participation
in physical activity was found in people with knee OA at the
end of an 8-week intervention [18]. We also found asmall effect
on the awareness of sitting habits at work and during leisure
activitiesat 13 weeks. Thereason for thisobservationisunclear,
but it islikely too small to be clinically important.

Our results contribute to the literature on physical activity
promotion in arthritis management. Recommendations by the
European League Against Rheumatism endorse the use of
behavior change techniquesto promote physical activity among
people with arthritis [46]. The 2019 American College of
Rheumatology/Arthritis Foundation guidelinesfurther highlight
the involvement of health professionals, including PTs, to
deliver nonpharmacological treatment [47]. The optimal
approach for supporting an active lifestyle in people with
arthritis remains to be unclear, but research in healthy adults
has shown that low-dose health coaching had little effect on
physical activity behavior [48]. Although PTs are skilled in
exercise prescription, arecent survey in Canadarevealed up to
71% of the respondents wished to acquire further training in
physical activity counseling.[49] This suggests an opportunity

https://mhealth.jmir.org/2020/7/€19116

for professional development for PTs to master skills in
counseling techniques that match their patients' readiness to
acquire a health-related behavior. In our study, training on
motivational interviewing and the opportunity to shadow a PT
with experience in counseling participants are essentia to the
program. The PTS written record for each interaction with
participants allowed us to ensure that counseling followed the
Brief Action Planning approach. Participants continuing to use
their Fithits suggests that the behavior of self-monitoring was
sustained even after the PT counseling ended. Future research
can refine and compare different implementation strategies of
physical activity counseling for this population.

Strengthsand Limitations

A strength of this study wasintervention fidelity, with an overall
intervention adherence of 81%. There isno consensus on what
congtitutes good intervention adherence, but 80% to 100% has
been deemed as high fidelity in delivery [50]. Furthermore,
more than 80% of participants adhered to Fitbit use over the
12-week period, indicating that it is feasible to transition
individuals from a multifaceted program to a wearable-only
intervention after the initial 8-week counseling from a PT.

This study has somelimitations. With the use of adelay-control
design in which the participantsin the control arm received the
program after a 13-week delay, the efficacy of the counseling
program could only be unequivocally assessed at 13 weeks. At
26 and 39 weeks, both groups had aready received the
intervention, and there was an absence of a control group at
these 2 time points, which can cause intervention effect
estimates at 26 and 39 weeks to be less robust and more
susceptible to small sample bias. Hence, the long-term effects
of the program remain unclear. Furthermore, the results may
not be generalizable to men because 82% of the participants
were women.

Conclusions

Supporting a physically active lifestyle is a core component of
physiotherapy practice. The Exercise is Medicine initiative
advocates for the creation and worldwide implementation of
effective physical activity promotion strategies in treatment
plans for patients [51]. With the ubiquitous use of wearables,
health professionals can leverage the use of these tools to
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motivate, monitor, and counsel people with arthritis to reach  wearable device, can improve physical activity participation in
physical activity goals. To this end, we have shown that a peoplewith knee OA.
12-week multifaceted counseling program, with the use of a
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DG: delay group

IG: immediate group

KOOS: KneeInjury and Osteoarthritis Outcome Score

MET: metabolic equivalent of task

MVPA: moderate-to-vigorous physical activity

OA: osteoarthritis

PHQ-9: Patient Health Questionnaire-9

PIHS: Partnersin Health Scale

PT: physiotherapist

RCT: randomized controlled trial

SMART goal: specific, measurable, attainable, relevant, and time-bound goal
SuPRA: Supporting Physica activity & Reducing sedentary behaviour in Arthritis
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