JOURNAL OF MEDICAL INTERNET RESEARCH

Li et al

Original Paper

Efficacy of a Community-Based Technology-Enabled Physical
Activity Counseling Program for People With Knee Osteoarthritis:
Proof-of-Concept Study
Linda C Li1,2, PT, PhD; Eric C Sayre2, PhD; Hui Xie2,3, PhD; Ryan S Falck1, MSc; John R Best1, PhD; Teresa
Liu-Ambrose1, PT, PhD; Navi Grewal2; Alison M Hoens1, BSc (PT), MSc; Greg Noonan4, BSc (PT); Lynne M
Feehan1,2, PT, PhD
1

Department of Physical Therapy, University of British Columbia, Vancouver, BC, Canada

2

Arthritis Research Canada, Richmond, BC, Canada

3

Faculty of Health Sciences, Simon Fraser University, Burnaby, BC, Canada

4

Mary Pack Arthritis Program, Vancouver General Hospital, Vancouver, BC, Canada

Corresponding Author:
Linda C Li, PT, PhD
Arthritis Research Canada
5591 No. 3 Road
Richmond, BC, V6X 2C7
Canada
Phone: 1 604 207 4020
Email: lli@arthritisresearch.ca

Abstract
Background: Current practice guidelines emphasize the use of physical activity as the first-line treatment of knee osteoarthritis;
however, up to 90% of people with osteoarthritis are inactive.
Objective: We aimed to assess the efficacy of a technology-enabled counseling intervention for improving physical activity in
people with either a physician-confirmed diagnosis of knee osteoarthritis or having passed two validated criteria for early
osteoarthritis.
Methods: We conducted a proof-of-concept randomized controlled trial. The immediate group received a brief education session
by a physical therapist, a Fitbit Flex, and four biweekly phone calls for activity counseling. The delayed group received the same
intervention 2 months later. Participants were assessed at baseline (T0) and at the end of 2 months (T1), 4 months (T2), and 6
months (T3). Outcomes included (1) mean time on moderate-to-vigorous physical activity (MVPA ≥3 metabolic equivalents
[METs], primary outcome), (2) mean time on MVPA ≥4 METs, (3) mean daily steps, (4) mean time on sedentary activities, (5)
Knee Injury and Osteoarthritis Outcome Score (KOOS), and (6) Partners in Health scale. Mixed-effects repeated measures analysis
of variance was used to assess five planned contrasts of changes in outcome measures over measurement periods. The five
contrasts were (1) immediate T1-T0 vs delayed T1-T0, (2) delayed T2-T1 vs delayed T1-T0, (3) mean of contrast 1 and contrast
2, (4) immediate T1-T0 vs delayed T2-T1, and (5) mean of immediate T2-T1 and delayed T3-T2. The first three contrasts estimate
the between-group effects. The latter two contrasts estimate the effect of the 2-month intervention delay on outcomes.
Results: We recruited 61 participants (immediate: n=30; delayed: n=31). Both groups were similar in age (immediate: mean
61.3, SD 9.4 years; delayed: mean 62.1, SD 8.5 years) and body mass index (immediate: mean 29.2, SD 5.5 kg/m2; delayed:
mean 29.2, SD 4.8 kg/m2). Contrast analyses revealed significant between-group effects in MVPA ≥3 METs (contrast 1 coefficient:
26.6, 95% CI 4.0-49.1, P=.02; contrast 3 coefficient: 26.0, 95% CI 3.1-49.0, P=.03), daily steps (contrast 1 coefficient: 1699.2,
95% CI 349.0-3049.4, P=.02; contrast 2 coefficient: 1601.8, 95% CI 38.7-3164.9, P=.045; contrast 3 coefficient: 1650.5, 95%
CI 332.3-2968.7; P=.02), KOOS activity of daily living subscale (contrast 1 coefficient: 6.9, 95% CI 0.1-13.7, P=.047; contrast
3 coefficient: 7.2, 95% CI 0.8-13.6, P=.03), and KOOS quality of life subscale (contrast 1 coefficient: 7.4, 95% CI 0.0-14.7,
P=.049; contrast 3 coefficient: 7.3, 95% CI 0.1-14.6, P=.048). We found no significant effect in any outcome measures due to
the 2-month delay of the intervention.
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Conclusions: Our counseling program improved MVPA ≥3 METs, daily steps, activity of daily living, and quality of life in
people with knee osteoarthritis. These findings are important because an active lifestyle is an important component of successful
self-management.
Trial Registration: ClinicalTrials.gov NCT02315664; https://clinicaltrials.gov/ct2/show/NCT02315664 (Archived by WebCite
at http://www.webcitation.org/6ynSgUyUC)
(J Med Internet Res 2018;20(4):e159) doi: 10.2196/jmir.8514
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Introduction

Methods

Arthritis is the most common cause of severe chronic pain and
disability worldwide. Analysis by the Arthritis Alliance of
Canada estimates one new diagnosis of osteoarthritis (OA) every
60 seconds, resulting in nearly 30% of the employed labor force
having difficulties working due to OA [1]. Current evidence
supports the use of physical activity to manage OA due to its
beneficial effects on pain, mobility, and quality of life [2,3]. It
has been shown that moderate weight-bearing activities improve
joint health by preserving glycosaminoglycan content in
cartilage [4,5]. Furthermore, specific training that involves
functional activities improves balance and proprioception, which
in turn can contribute to improving pain and mobility [6,7]. The
OA Research Society International recommends the use of
physical activity and therapeutic exercise as a first-line treatment
of knee OA [8]. Public health guidelines recommend more than
150 minutes a week of moderate-to-vigorous physical activity
(MVPA) performed in bouts of 10 minutes or more [9];
however, a 2013 systematic review reported that only 13% of
people with OA met this recommendation [10]. This concurs
with another study using accelerometers that more than 90% of
people with knee OA did not meet the physical activity
guidelines [11]. The findings are particularly alarming because
the evidence on the first-line treatment for OA has been
consistent over a decade [12]. This represents a major
knowledge-to-action gap.

Study Design and Participant Eligibility

Several modifiable risk factors are associated with low physical
activity participation in people with arthritis. These include lack
of motivation [13], doubts about the effectiveness of exercise
[14], and lack of health professional advice [15]. Once patients
start being active, they need feedback on their progress. A
Cochrane review reported that “graded exercise activity,” which
initially focuses on simple activities and then gradually increases
to more challenging ones, is effective for improving adherence
in people with chronic musculoskeletal conditions [16].
Progression of activities and goals can be guided by a physical
therapist (PT) [16].
We recently demonstrated feasibility of a physical activity
counseling program with the use of a Fitbit wrist band in 34
people with knee OA [17]. Compared to controls, those who
received the program showed a trend of increased MVPA and
perceived self-management capacity after 1 month [17]. The
findings supported further research on this program. The purpose
of the current study was to assess the efficacy of the program
for improving physical activity participation, disease status, and
perceived self-management capacity in people with knee OA.
http://www.jmir.org/2018/4/e159/
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Monitor-OA was a proof-of-concept study that used a
randomized, delayed-control design, whereby the randomization
determined the timing of when the intervention was provided
(ie, immediately vs a 2-month delay). As such, efficacy was
assessed within a conventional randomized controlled trial
(RCT), with an intervention group and a control group, at 2
months, whereas all participants received the intervention
beyond this time. This study design is best suited for
interventions that include components that are likely beneficial
and low risk to participants, such as physical activity counseling.
Eligible individuals were those who had a physician-confirmed
diagnosis of knee OA or passed two criteria for early OA: (1)
aged 50 years and (2) had experienced pain or discomfort in or
around the knee during the previous year lasting more than 28
separate or consecutive days. In a community-based study [18],
191 of 195 (97%) urban-dwelling participants who met these
criteria also met the American College of Rheumatology clinical
criteria for knee OA [19].
We excluded individuals who:
1.

had a diagnosis of inflammatory arthritis, connective tissue
diseases, fibromyalgia, or gout;
2. had used disease-modifying antirheumatic drugs or gout
medications;
3. had knee arthroplasty;
4. were on a waitlist to receive knee or hip arthroplasty;
5. had any surgery in the back, hip, knee, foot, or ankle joint
in the past 12 months;
6. had acute knee injury in the past 6 months;
7. had received a steroid injection or hyaluronate injection in
a knee in the last 6 months;
8. had a body mass index (BMI) of 40 kg/m2 or higher;
9. did not have an email address or daily access to a personal
computer with Internet access;
10. were unable to attend the required education session in
person;
11. were using medications that impaired activity tolerance (eg,
beta-blockers); and
12. had an inappropriate level of risk for increasing their
unsupervised physical activity.
Potential participants completed the Physical Activity Readiness
Questionnaire (PAR-Q [20]; 2014 version). If a potential risk
was identified by the PAR-Q, physician confirmation in writing
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was required to ensure that the person was able to be physically
active without supervision of a health professional.
Participants were recruited from the Mary Pack Arthritis
Program in Vancouver, BC, Canada. Study information was
also posted on social media (Facebook, Twitter, Kijiji, and
Craigslist) and the Arthritis Research Canada website. In
addition, emails about the study were sent by the Arthritis
Consumer Experts, a nonprofit patient education organization,
to their members. After completing the baseline assessment,
eligible participants were randomly assigned to the immediate
group or the delayed group (ie, control) in 1:1 allocation ratio.
The delayed group received the same intervention as the
immediate group after a 2-month wait. We performed
randomization using computer-generated random numbers in
variable block sizes.

Intervention
The intervention involved participants attending a 1.5-hour
session, where they received (1) 15-minute standardized
education about physical activity, (2) a Fitbit Flex, and (3)
individual counseling with a study PT who was trained in
motivational interviewing [21]. The choice of a face-to-face
session over the use of videoconferencing technology was to
maximize the opportunity for participants and PTs to established
rapport [22,23]. The education portion, delivered in groups of
two to four participants, addressed the benefits of an active
lifestyle, the detrimental effect of sedentary behavior, and ways
to be active without aggravating OA symptoms. The individual
counseling portion followed the Brief Action Planning approach
[24], whereby PTs guided participants to identify activity goals,
develop an action plan, and identify barriers and solutions. The
PTs used the SMART (specific, measurable, attainable, relevant,
time-bound) principle during goal setting (eg, 30 minutes of
brisk walking in the neighborhood in the evening three times a
week). Participants were then asked to rate their confidence in
executing the plan on a zero to 10 scale, with 10 meaning very
confident. The process was repeated until the confidence rating
reached 7 or higher out of 10. For sedentary behaviors, the PTs
began by asking participants to estimate their sitting time in a
normal day and identify ways to break up the sitting time. They
then repeated the goal setting and confidence assessment.
Participants then received a Fitbit Flex to be worn at the wrist
of the nondominant side 24 hours a day except during
water-based activity or when charging. The physical activity
data were wirelessly synchronized with Fitbit’s online
Dashboard that could be viewed only by the participants and
their study PTs. During the intervention period, the PT reviewed
the participant’s physical activity on the Dashboard and
progressively modified their SMART goals during four biweekly
20-minute phone calls. Participants could also contact the PT
via email in-between the scheduled calls. At the end of the
intervention, participants could keep the Fitbit.
Four PTs with a primary caseload consisting of patients with
arthritis were trained to deliver the education and counseling
components. Three of them were from the public sector
(Vancouver Coastal Health Authority, Vancouver, BC, Canada),
and one worked in a mix of public and private practices. One
PT also participated in our previous feasibility study [17] and
http://www.jmir.org/2018/4/e159/
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provided feedback to refine the intervention for the current
project. The PTs attended a 2-day introductory motivational
interview course offered by the University of British Columbia
Extended Learning program. Before data collection, we held
two orientation sessions (2 hours each) for the PTs to review
the study protocol and practice the counseling component.

Outcome Measures
Participants were assessed at baseline (T0) and the end of 2
months (T1), 4 months (T2), and 6 months (T3). Our primary
outcome measure was mean daily time performing MVPA at
≥3 metabolic equivalents, or METs (MVPA ≥3 METs;
performed in both ambulatory and nonambulatory activities
throughout the day) measured with SenseWear Mini, a
multisensor monitor that was worn on the upper arm over the
triceps. SenseWear integrates triaxial accelerometer data,
physiological sensor data, and personal demographic information
to provide estimates of steps and energy expenditure. Tierney
et al [25] showed that SenseWear was a valid tool for estimating
energy expenditure during activities of daily living in people
with arthritis (intraclass correlation coefficient [ICC]=0.72). A
strong relationship was also found between SenseWear and
indirect calorimetry measures of energy expenditure for
activities of daily living (Pearson r=.85) [25]. SenseWear can
be worn 24 hours a day; hence, it can capture a full picture of
physical activity and the off-body time throughout the day
[26,27]. Participants wore a SenseWear for 7 days at each
assessment. Almeida et al [28] 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 arthritis (ICC >0.80).
We performed additional analysis with a MVPA cut-off at ≥4
METs, which reflected an activity level of brisk walking and
higher (ie, purposeful ambulatory activities) [29]. Other
secondary outcomes included the daily mean time spent in
sedentary activities [30], the Knee Injury and OA Outcome
Score (KOOS) [31,32], and the Partners in Health scale [33].
An important feature of SenseWear is its ability to differentiate
between sedentary and light activities [34], making it an ideal
instrument to assess sedentary activities. For sedentary activities,
we calculated the mean daily time spent with an energy
expenditure of ≤1.5 METs, occurring in bouts of 20 minutes or
more during waking hours [35-38].
The KOOS consists of five subscales: knee pain, stiffness,
activity of daily living, sports/recreation, and quality of life. It
was originally developed for people recovering from anterior
cruciate ligament and meniscus injury and has been validated
in people with OA [31,32]. The Partners in Health scale is a
12-item measure designed to assess perceived self-management
capacity via subjective knowledge of the health condition and
treatment, and perceived self-management behaviors (eg,
adopting a healthy lifestyle; Cronbach alpha=.82) [33]. We also
tracked self-reported adverse events (falls, cardiovascular and
musculoskeletal events) [39] using a monthly log.

Sample Size Justification and Data Analysis
Our recruitment strategy enabled the study to enroll at least 60
eligible participants over 12 months. For a proof-of-concept
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study, it is reasonable to expect a moderately large difference
between groups after the intervention. Based on our feasibility
study, we estimated the standard deviation of the change in
MVPA ≥3 METs (primary outcome measure) from T0-T1 to
be 40 minutes. This resulted in 81.5% power to detect a
30-minute difference between groups in the T1-T0 change via
a two-sided test at alpha level of .05.
Descriptive analysis was used to summarize participant
characteristics, comorbid conditions, and adverse events. We
generated plots that included means and standard errors for the
outcome measures at each time point for both groups for all
outcome measures.
An intention-to-treat analysis was performed by a biostatistician
who was blinded to the group assignment. Quantile-quantile
plots were used to assess normality of the outcome variables.
Mixed-effects repeated measures analysis of variance was used
to assess five planned contrasts of changes in outcome measures
over measurement periods. They were:
1.
2.
3.
4.
5.

Contrast 1: immediate group T1-T0 vs delayed group
T1-T0;
Contrast 2: delayed group T2-T1 vs delayed group T1-T0;
Contrast 3: mean of contrast 1 and contrast 2;
Contrast 4: immediate group T1-T0 vs delayed group
T2-T1; and
Contrast 5: mean of immediate group T2-T1 and delayed
group T3-T2.

The first three contrasts estimate the effect of the intervention
versus control. The latter two contrasts estimate the effect of
the delay on the intervention. Contrast 1 is the between-group
contrast estimate for the 2-month effect of the program, similar
to analysis from a parallel design. Contrast 2 is the within-group
contrast estimate for the 2-month effect of the program. One
benefit of the delayed-control design is that experimental units
can serve as their own control to improve efficiency and
precision of treatment effect estimation. To further improve the
treatment effect estimation efficiency, we combined contrast 1
and 2 by taking their mean (contrast 3). Contrast 4 examines
the 2-month effect of the program when it was delayed for 2
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months. Contrast 5 combines data from both groups to assess
the lastingness of the effect, when the program ended 2 months
before assessment. No adjustment was made for multiple
comparisons because type II error is a greater concern than type
I error in proof-of-concept studies [40,41].

Ethics Approval
The research protocol was approved by the University of British
Columbia Behavioral Research Ethics Board (application
number: H14-01762) and was published in ClinicalTrials.gov
(NCT02315664).

Results
In 2015-2016, 278 people indicated an interest to participate
and 64 met the eligibility criteria (Figure 1). Of those, we
recruited 61 participants (immediate group: n=30, 73%, 22/30
women; delayed group: n=31, 90%, 28/31 women). Both groups
were similar in age (immediate group: mean 61.3, SD 9.4 years;
delayed group: mean 62.1, SD 8.5 years) and BMI (immediate
group: mean 29.2, SD 5.5 kg/m2; delayed group: mean 29.2,
SD 4.8 kg/m2; Table 1).
Multimedia Appendix 1 and Figures 2-11 present the results of
outcome measures from four time points. Prespecified contrast
analyses revealed significant effects as follows: mean time on
MVPA ≥3 METs (contrast 1 coefficient: 26.6, 95% CI 4.0-49.1,
P=.02; contrast 3 coefficient: 26.0, 95% CI 3.1-49.0, P=.03),
mean daily steps (contrast 1 coefficient: 1699.2, 95% CI
349.0-3049.4, P=.02; contrast 2 coefficient: 1601.8, 95% CI
38.7-3164.9, P=.045; contrast 3 coefficient: 1650.5, 95% CI
332.3-2968.7, P=.02), KOOS activity of daily living subscale
(contrast 1 coefficient: 6.9, 95% CI 0.1-13.7, P=.047; contrast
3 coefficient: 7.2, 95% CI 0.8-13.6, P=.03), KOOS quality of
life subscale (contrast 1 coefficient: 7.4, 95% CI 0.0-14.7,
P=.049; contrast 3 coefficient: 7.3, 95% CI 0.1-14.6, P=.048).
We found no significant effect in any outcome measures in the
other contrast analyses. No adverse event associated with the
intervention (eg, falls, cardiovascular and musculoskeletal
events) was reported by participants during the study.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart.
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Table 1. Baseline characteristics of immediate group and delayed group participants.
Characteristics

All (N=61)

Immediate group
(n=30)

Delayed group
(n=31)

P valuea

Gender (female), n (%)

50 (82)

22 (73)

28 (90)

.11

Age (years), mean (SD)

61.7 (8.9)

61.3 (9.4)

62.1 (8.5)

.72

Marital status, n (%)

.27

Married/Common law

33 (54)

19 (63)

14 (45)

Separated/Divorced

15 (25)

7 (23)

8 (26)

Widowed / Never married / Other

13 (21)

4 (13)

9 (29)

30 (49)

14 (47)

16 (52)

University degree, n (%)
Gross annual household income (CAN$), n (%)

.62

≤12,000

0

0

0

12,001-24,000

3 (5)

1 (3)

2 (7)

24,001-40,000

6 (10)

4 (13)

2 (7)

40,001-60,000

11 (18)

5 (17)

6 (19)

60,001-80,000

13 (21)

9 (30)

4 (13)

80,001-100,000

5 (8)

2 (7)

3 (10)

>100,000

11 (18)

5 (17)

6 (19)

No answer

12 (20)

4 (13)

8 (26)

Diagnosed with OA, n (%)

>.99

Yes

52 (85)

26 (87)

26 (84)

No, but met the “likely OA” criteria

9 (15)

4 (13)

5 (16)

In general, would you say your health is... n (%)

.68

Excellent

1 (2)

1 (3)

0

Very good

29 (48)

15 (50)

14 (45)

Good

24 (39)

10 (33)

14 (45)

Fair

7 (12)

4 (13)

3 (10)

Poor

0

0

0

Compared to one year ago, how would you rate your health in
general now? n (%)

a

.80

.78

Much better

4 (7)

2 (7)

2 (6)

Somewhat better

9 (15)

6 (20)

3 (10)

About the same

27 (44)

12 (40)

15 (48)

Somewhat worse

21 (34)

10 (33)

11 (36)

Much worse

0

0

0

Number of comorbid conditions, median (IQR)

3.0 (2.0-4.0)

2.0 (1.0-4.0)

4.0 (2.0-5.0)

.06

Body mass index (kg/m2), mean (SD)

29.2 (5.1)

29.2 (5.5)

29.2 (4.8)

.95

P values based on exact chi-square tests for categorical variables (nonmissing data) and two-sample t tests for continuous variables.
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Figure 2. Bouted moderate to vigorous physical activity (≥3 metabolic equivalent tasks [METs]).

Figure 3. Bouted moderate to vigorous physical activity (≥4 METs).

Figure 4. Bouted sedentary time.
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Figure 5. Mean daily step count.

Figure 6. Knee Injury and Osteoarthritis Outcome Score (KOOS) symptoms subscale.

Figure 7. KOOS pain subscale.

http://www.jmir.org/2018/4/e159/

XSL• FO
RenderX

J Med Internet Res 2018 | vol. 20 | iss. 4 | e159 | p. 8
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

Li et al

Figure 8. KOOS sports and recreation subscale.

Figure 9. Partners in Health scale.

Figure 10. KOOS activities of daily living subscale.
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Figure 11. KOOS quality of life subscale.

Discussion

intervention improved the emotional and mental health among
community-dwelling older adults (mean age 65 years).

This proof-of-concept study showed that our intervention had
a significant effect on time spent on physical activity (MVPA
≥3 METs) by people with knee OA compared to controls. The
program also had a positive effect on step count, as well as
activity of daily living and quality of life measured by the
KOOS. Furthermore, the 2-month delay did not affect how
participants responded to the program. This is noteworthy for
the design of future RCTs in which the use of a “delay control”
is considered. Our findings match those of previous studies that
found individualized programs and self-management techniques
could enhance physical activity adherence among people with
chronic musculoskeletal conditions [16,17]. However, the
findings should be viewed in the context that compared to the
general population with knee OA, our participants were more
active (baseline MVPA ≥3 METs for more than 60 minutes per
day). A 2011 study in the United States using accelerometers
found that more than 90% of people with knee OA failed to
meet the physical activity guidelines of 150 minutes of MVPA
per week [11].

The second reason was related to the experience and training
of our study PTs. Previous studies in health counseling have
stressed the importance of the experience and skill of counselors
in behavioral interventions [46,47]. In this study, all PTs had a
clinical caseload primarily in arthritis, received the essential
training on motivational interviewing, and were familiar with
the counseling protocol. Taken together, these reasons might
have contributed to the positive effects of the intervention.

Our positive results may be explained by two reasons. First, we
employed a variety of behavior change techniques to promote
physical activity. In a review of 13 consumer wearables, Lyons
et al [42] found that Fitbit used behavior change techniques
such as goal setting, feedback, self-monitoring, social support,
social comparison, as well as providing instructions and rewards.
Although many of these techniques are in line with
recommendations from social cognitive theory [43], techniques
such as action planning, problem solving, and behavioral
practice/rehearsal are absent with the use of wearables alone
[42]. In a 2015 systematic review, Lewis et al [44] reported that
wearable-only interventions tend to produce only modest effects
on improving physical activity behavior. Therefore, we included
PT counselors with expertise in arthritis care and motivational
interview skills to prompt participants to plan and practice their
activities, and to identify potential barriers and solutions during
the follow-up calls. Our findings also echo those of a recent
RCT on a 12-week intervention involving an Internet-based
physical activity program with the use of an accelerometer and
remote coaching. Broekhuizen et al [45] reported that the
http://www.jmir.org/2018/4/e159/
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However, we did not observe a significant effect in the mean
time spent in sedentary activities. From the feasibility study,
we learned that increasing physical activity and reducing
sedentary behavior (eg, prolonged sitting) required distinct
counseling approaches, and that practice would be required by
the PTs to deliver the intervention [17]. Hence, all study PTs
were provided opportunities to practice the counseling procedure
with the investigators before data collection. We did not make
major modification to the counseling protocol, and it was
possible that some challenges persisted for participants to
identify ways to break up their sitting time. It should be noted
that sedentary behavior is linked to individuals’ habitual routines
[48-51]. Although the general recommendation of MVPA can
be accomplished in short daily episodes (eg, 30 minutes of brisk
walking), reducing sedentary time requires people adjusting
their habits throughout the day (eg, computer/mobile device
use, television viewing). Therefore, different counseling
strategies are likely required for the two behaviors.
In light of the findings, we suggest two modifications for the
physical activity counseling program. First, the counseling
conversation should begin by examining the individual’s
habitual routines during a typical workday and a
non-work/weekend day, and then focus on periods when
prolonged sitting occurs. This would allow the conversation to
center on identifying opportunities, challenges, and solutions
to break up sitting time when it is feasible for the person.
Second, a more flexible system would be needed for setting
personal goals to reduce sedentary time. The current
Fitbit-manufactured apps, both the Web-based and mobile
versions, reward users if they take 250 steps or more
J Med Internet Res 2018 | vol. 20 | iss. 4 | e159 | p. 10
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
(approximately 2-3 minutes of walking) in a given hour.
Although the parameter meets the general recommendation of
standing up and moving after 30 minutes of uninterrupted sitting,
it does not allow the flexibility to individualize goals to break
up sitting. We suggest that future Fitbit-compatible apps should
include functions for users to set personalized goals on the
frequency and duration to break up their sitting time during the
day, and to receive feedback on their goal attainment. This
would provide users with positive reinforcement to adopt the
current recommendation of reducing extended periods of sitting.
This study has a few limitations. With the use of a
delayed-control design in which the participants in the control
arm received treatment after a 2-month delay, efficacy of the
physical activity counseling intervention could only be assessed
at 2 months. Hence, the long-term effect of the intervention
remained unclear. Furthermore, our sample was relatively active;

Li et al
hence, the results may not be generalizable to people with knee
OA who are more sedentary. The results also may not be
generalizable to men because 82% of the participants were
women. Finally, we have identified several shortcomings in the
counseling program that may have limited its potential to affect
the behavioral and health-related outcomes. Despite these
limitations, this proof-of-concept study has demonstrated a
significant effect of a multifaceted counseling intervention on
improving physical activity participation. We have since applied
these learnings to improve the next iteration of the program.
Specifically, it now includes a new sedentary counseling strategy
and a Fitbit-compatible Web app with enhanced functionality
for setting goals and rewarding behaviors that break up
prolonged sitting [52]. The modified program is currently being
tested in a RCT involving people with rheumatoid arthritis and
systematic lupus erythematosus (ClinicalTrial.gov identifier:
NCT02554474) [53].
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