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Abstract

Background: A 24-week self-directed digitally delivered intervention was found to improve pain and function in people with
knee osteoarthritis (OA). However, it is possible that this intervention may be better suited to certain subgroups of people with
knee OA compared to others.

Objective: The aim of this study was to explore whether certain individual baseline characteristics moderate the effects of a
self-directed digitally delivered intervention on changesin pain and function over 24 weeks in people with knee OA.

Methods: An exploratory analysiswas conducted on datafrom arandomized controlled trial involving 206 peoplewith aclinical
diagnosis of knee OA. This trial compared a self-directed digitally delivered intervention comprising of web-based education,
exercise, and physical activity program supported by automated exercise behavior change mobile phone text messagesto web-based
education alone (control). The primary outcomes were changes in overall knee pain (assessed on an 11-point numerical rating
scale) and physical function (assessed using the Western Ontario and McMaster Universities Osteoarthritis Index function subscale
[WOMAC]) at 24 weeks. Five baseline patient characteristics were sel ected asthe potential moderators: (1) number of comorbidities,
(2) number of other painful joints, (3) pain self-efficacy, (4) exercise self-efficacy, and (5) self-perceived importance of exercise.
Separate linear regression models for each primary outcome and each potential moderator were fit, including treatment group,
moderator, and interaction between treatment group and moderator, adjusting for the outcome at baseline.

Results: There was evidence that pain self-efficacy moderated the effect of the intervention on physical function compared to
the control at 24 weeks (interaction P=.02). Posthoc assessment of the mean change in WOMAC function by treatment arm
showed that each 1-unit increase in baseline pain self-efficacy was associated with a1.52 (95% CI 0.27 to 2.78) unit improvement
in the control group. In contrast, a reduction of 0.62 (95% CI —1.93 to 0.68) units was observed in the intervention group with
each unit increase in pain self-efficacy. There was only weak evidence that pain self-efficacy moderated the effect of theintervention
on pain and that number of comorbidities, number of other painful joints, exercise self-efficacy, or exerciseimportance moderated
the effect of the intervention on pain or function.

Conclusions:  With the exception of pain self-efficacy, which moderated changes in function but not pain, we found limited
evidence that our selected baseline patient characteristics moderated intervention outcomes. This indicates that people with a
range of baseline characteristics respond similarly to the unsupervised digitally delivered exerciseintervention. Asthesefindings
are exploratory in nature, they require confirmation in future studies.

https://www.jmir.org/2021/10/e30768 JMed Internet Res 2021 | vol. 23 | iss. 10 | 30768 | p. 1
(page number not for citation purposes)


mailto:rachel.nelligan@unimelb.edu.au
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2021;23(10):€30768) doi: 10.2196/30768

Nelligan et a

KEYWORDS

digital; text messaging; exercise; moderators; osteoarthritis; RCT; clinical trial; subgroups; pain; function; knee osteoarthritis;

rehabilitation; digital health

Introduction

Osteoarthritis (OA) is a condition of the synovial joints [1],
with the knee being commonly affected [2]. Knee OA causes
joint pain and stiffness, which can often lead to reduced physical
function and quality of life[3,4]. Knee OA isahighly prevalent
condition and a leading contributor to disability globally [5].
Exercise is the core treatment in the management of knee OA,
whichisrecommended in all clinical guidelines[6-9]. However,
the effects of exercise on knee OA pain and function are modest
overal [10]. This may be due to the existence of subgroups of
people with certain baseline characteristics that cause them to
respond in different ways to exercise [11]. Baseline patient
characteristics that affect how a patient responds to treatment
are called moderators [12]. A better understanding of potential
moderators of the effects of exercise in knee OA will enable
the identification of subgroups of people who respond more or
less favorably to exercise treatments. This will facilitate the
targeting of exercise treatments in knee OA and thus, may
improve the effects of exercise on patient outcomes. The
eval uation and identification of moderators of treatment effects
has been named a major research priority in OA clinical
guidelines[9,13].

The use of digitally delivered interventions to support chronic
condition management is rapidly increasing as a means of
improving accessto evidence-based health care[14]. Recently,
we developed and evaluated a 24-week self-directed digitally
delivered intervention, designed to support people with knee
OA to access and participate in an evidence-based exercise
program [15]. Inarandomized controlled trial (RCT), wefound
that this intervention led to greater improvements in pain and
function compared to an education control at 24 weeksin people
with knee OA. We also found that 72% and 68% of the
participants in the intervention group (compared to 42% and
41% in the control group) experienced clinically meaningful
improvements in pain and function, respectively. This
demonstrates that most, but not all, people benefited from the
intervention and could indicate the existence of subgroups of
people who responded more (or less) favorably to the
unsupervised, digitally delivered exercise intervention.

To our knowledge, no previous studies have conducted formal
moderation analyses to explore baseline patient characteristics
associated with the effect of self-directed digitally delivered
exercise for people with OA although 2 studies have explored
baseline characteristics as predictors of outcomes from
self-directed exercise. One study identified that increased age
and the presence of acomorbidity at baseline predicted nonusage
of a self-directed web-based physical activity intervention for
patients with knee and hip OA [16]. Another study found that
the presence of comorbidity was associated with lower physical
activity levels, while greater baseline arthritis self-efficacy was
associated with greater physical activity, following a 12-week
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self-directed exercise program in adults with arthritis[17]. As
these studies only examined associations between baseline
characteristics and outcomes in the intervention arms with no
control group comparisons, it is possible that these findings
could have occurred, regardless of the interventions received.
Therefore, these findings do not enabl e identification of potential
subgroups of people who benefit (or not) from self-directed
exercise interventions.

This exploratory study sought to identify moderators of the
effect of aself-directed digitally delivered exerciseintervention
on changes in pain and physical function at 24 weeks relative
to the control in peoplewith knee OA. Thefindings of this study
will address a key knee OA research priority and provide
direction for future confirmatory studies.

Methods

Study Design

We conducted exploratory moderation analyses [18] by using
data from a two-arm participant-blinded and assessor-blinded
RCT [15]. The RCT evaluated the effects of self-directed
digitally delivered exercise compared to an education control.
Limited disclosure was used to blind the participants. All
participants provided consent prior to enrolment into the RCT,
which included the use of their deidentified data in secondary
analysis. The RCT was approved by the University of
Melbourne Human Research Ethics Committee (1851085) and
prospectively registered (ACTRN12618001167257).

Participants

In the RCT, 206 people with knee OA were recruited from the
Australiazwide community via internet sources (social media
and web-based newspapers) and avolunteer database. Full RCT
eligibility criteriaarereported elsewhere [19] and included >45
years of age, a clinical diagnosis of knee OA, and internet
access.

Intervention

Full details of the self-directed digitaly delivered exercise
intervention have previously been published [19,20]. To
summarize, participants in the intervention received access to
the same standardized custom-built website, “My Knee
Exercise” and received a 24-week automated behavior change
mobile phone text messaging program. The website was
developed by the researchers (RKN, KLB, RSH) and feedback
was provided by 3 peoplewith knee OA. Thewebsite contained
(1) educational information about OA, exercise, and sought to
address common misconceptions about OA, (2) prescribed a
24-week lower limb strengthening exercise regimen, and (3)
provided general physical activity guidance. The 24-week
strengthening exercise regimen was divided into 3 programs,
each of 8-weeks duration. The website advised that the 3
programs be completed consecutively. Each program contained
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5-6 exercises. Participantswere asked in the website to perform
these exercises 3 times per week. The strengthening exercises
focused on the hip, knee, and ankle (eg, sit-to-stand, seated knee
extension, calf raise). Detailed exercise instructions, including
when and how to increase an exercise challenge, were provided
in both text and visual formats (photo, video) and were available
to download. Exercise equipment (eg, ankleweights, resistance
bands) was recommended, and suggestions about where to
purchase equipment was provided. Exercise and physical activity
logbooks were a so provided and available to download.

Augmenting the strengthening exerci se regimen was a 24-week
automated exercise behavior change mobile phone text
messaging program. Thetext messages were designed to monitor
weekly exercise session completion and address exercise
facilitators and barriers commonly encountered by people with
knee OA. Program development systematically followed the
Behavior Change Wheel Framework, which is a universally
accepted approach to designing behavior change interventions
[21]. The program functioned by prompting self-report of how
many strengthening exercise sessions were completed in the
previous week (each Monday initialy, reducing to fortnightly
by 24 weeks) and then provided tailored support depending on
the level of exercise adherence (=3 exercise sessions/week =
adherent). Participants who self-reported >3 exercise
sessions/week received a positive reinforcement message.
Participants self-reporting <3 exercise sessions/week received
a follow-up message asking them to select 1 reason (from a
prespecified list of exercise barriers), which best explained the
reason for <3 exercise sessions/week. Participants then received
a message containing a behavior change suggestion linked to
their selected barrier. Participants al so received regular messages
designed to facilitate >3 exercise sessions/week (twice weekly
initially, reducing to fortnight by week 24). Dependent on
weekly responses, participantsreceived on average 2-5 messages
per week. The frequency of messages sent to participants was
designed to decline over the 24 weeks.

After randomization and enrolment into the study, intervention
participants received an email containing website access,
information about receiving text messages, the recommendation

Textbox 1. List of comorbidities.
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to accessthe website within aweek to commencetheir exercise
program, and weretold they could continueto accessthewebsite
at any time over the 24 weeks. Participants also received a text
message encouraging website access. The control group received
access to another custom-built website containing the same
educational information as the intervention website. After
randomization and enrolment into the study, control participants
received an emal containing website access, the
recommendation to access the website within aweek, and were
told they could accessthe website at any time after the 24 weeks.
Participants also received a single text message encouraging
website access.

Dependent Variables

All RCT outcomes were participant-reported and collected via
REDCap electronic surveys at baseline and at 24 weeks. The 2
primary outcomes were (1) overal pain in the last week,
measured using an 11-point numerical rating scale (terminal
descriptors, 0=no pain to 10=worst pain possible) and (2)
physical function, measured using the physical function subscale
of the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) (score range 0=no dysfunction, 68=maximum
dysfunction). These measures are reliable and valid measures
recommended for knee OA clinical trials[22-24]. At 24 weeks,
the changein pain and function was cal culated as baseline minus
24-week values of each.

Selected Moderators

The selection of moderators was based on evidence and
theoretical rationale and involved a review of the literature
[16,17,25-29] and consensus by al authors (Multimedia
Appendix 1). Five baseline variables were selected.

Number of Comorbidities

Number of comorbidities was collected via a question asking
participants to select from a list of 13 comorbidities any of
which were relevant to them (see Textbox 1). A participant’s
selected comorbidities were then added to create a continuous
score of the total number of comorbidities per participant. This
resulted in a score range of 0 to 4.

. Heart disease (eg, angina, heart attack, heart failure)

. High blood pressure

. Problems caused by a stroke

. Leg pain when walking due to poor circulation

. Lung disease (eg, asthma, chronic bronchitis, emphysema)
. Diabetes

. Kidney disease

© 00 N o 0 b~ WD P

. Liver disease
10. Cancer (within the last 5 years)
11. Depression

12. Arthritis in your back or other condition affecting your spine

13. Rheumatoid arthritis or another kind of arthritisin addition to osteoarthritis

. Diseases of the nervous system (eg, Parkinson disease, multiple sclerosis)
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Number of Other Joints With Pain

The number of other joints with pain was collected via a
guestion asking participants to select any other joint they
currently experience pain in, from a list of 9 joints, with
responses converted into a continuous score of number of other
joints with pain per participant. This resulted in a score range
of 0to 9.

Pain Self-efficacy

Pain self-efficacy relates to one’s confidence in their ability to
control or manage pain [30,31]. Pain self-efficacy was measured
using the pain subscale of the Arthritis Self-Efficacy Scale. The
score range of the pain subscale is 1 to 10, with higher scores
indicating greater pain self-efficacy [31].

Exercise Self-efficacy

Exercise self-efficacy relates to one's ability to continue
exercising in the face of barriers to exercise [32]. Exercise
self-efficacy was measured using the Self-efficacy for Exercise
Scale. The score range for this scale is 0 to 90, with higher
scores indicating greater exercise self-efficacy [32].

Self-perceived | mportance of Exercise

Exercise importance was measured in response to the question
“How important is it to you to do regular exercise to manage
your knee condition?’ Responseswere collected using a 7-point
Likert scale with a score range of 1 to 7, with higher scores
indicating greater importance.

Statistical Analysis

Separate linear regression models were fit for each primary
outcome with the baseline of the relevant outcome, treatment

Table 1. Baseline descriptive characteristics by treatment group.
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group, and one of the 5 potential moderators as covariates,
including an interaction between treatment group and the
relevant potential moderator. Results were calculated as the
estimated mean effect of a 1-unit increase in the potential
moderator for each treatment group. Using complete case data,
fractional polynomialswere employed to determineif nonlinear
interaction models were warranted. All other analyses were
performed on complete case data and multiply imputed data,
including assessing regression assumptions of linearity and
homoscedasticity using standard diagnostic plots. These
potential moderator interactionswere al so assessed visually via
plots of the difference in the change in the primary outcomes
between groups versus the potential moderator. Multiply
imputed data were the primary analysis in al interpretations.
All statistical analyseswere performed using Stataversion 16.1
(StataCorp LLC, College Station).

Results

Baseline Descriptive I nformation

In this study, 206 people with a clinical diagnosis of knee OA
wererecruited from all Australian states and territoriesand were
enrolled into the study (126/206, 61.2% female, mean age 60
[SD 8.4] years). Baseline characteristics of participantsin both
groupsweresimilar (Table 1). At the 24-week follow-up, 88.3%
(91/103) and 87.3% (90/103) of the participants in the
intervention group and 89.3% (92/103) and 87.3% (90/103) of
the participantsin the control group provided pain and function
primary outcomes, respectively.

Intervention group (n=103)

Control group (n=103)

Basdline variable

Age (years), mean (SD) 60.3 (8.2)
Female, n (%) 60 (58.2)
Number of comorbidities?, mean (SD) 0.8(1)
Number of other joints with pain®, mean (SD) 17(15)
Avrthritis self-efficacy pain subscale®, mean (SD) 6.0 (1.7)
Self-efficacy for exercise”, mean (SD) 60.6 (21.5)
Exercise importance®, mean (SD) 6.1(12)

59.0 (8.5)
66 (64.1)
0.8 (0.9)

19(17)
6.0(17)
58.8 (18.6)

6.1(1.2)

8Collected via a question asking participants to select from a list of 13 comorbidities any of which were relevant to them. A participant’s selected
comorbidities were then added to create a continuous score of the total number of comorbidities per participant; this resulted in arange of 0to 4.

BCollected viaa guestion asking participants to select from alist of 9 joints any of which they currently experience pain in. Responses were converted
into a continuous score of number of other joints with pain per participant, ranging from 0 to 9.

CScores range from 1 to 10, with higher scoresindicating greater self-efficacy for pain.
dscores range from 0 to 90, with higher scoresindicating greater self-efficacy for exercise.
®Measured via the response to the question “How important isit to you to do regular exercise to manage your knee condition?’ Scores range from 1 to

7; higher score indicates higher importance.
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M oder ator sof the Effect of theIntervention on Change
in Physical Function

Findings from the fractional polynomial assessment indicated
that the models assuming a linear relationship between each
potential moderator and change in physical function provided
the best fit; therefore, more complex models were not needed
(refer to scatter plots in Multimedia Appendix 2). Results of
linear model s using multiply imputed data are presented in Table
2 and visualy in Figure 1 and Figure 2. There was evidence
that pain self-efficacy moderated the effect of the intervention
on physical function compared to the control at 24 weeks using
multiply imputed data (estimated mean difference —2.14, 95%
Cl —3.96 to —0.33; P=.02). Posthoc assessment of the mean
change in WOMAC function by treatment arm following
identification of an interaction effect showed that each 1-unit
increase in baseline pain self-efficacy was associated with a

Nelligan et a

1.52 (95% CI 0.27 to 2.78) WOMAC unitsimprovement in the
control group. In contrast, with each unit increase in pain
self-efficacy, a reduction of 0.62 (95% Cl —1.93 to 0.68)
WOMAC units was observed in the intervention group. There
wasonly wesk evidencethat the other selected basdline variables
moderated the effect of the intervention on physical function
compared to the control at 24 weeks (Table 2). Additionally,
results show positive associations between each number of
comorbidities, self-efficacy for exercise and exercise
importance, and change in WOMAC function for both control
and intervention groups (Figure 2). There appears to be a
negative rel ationship between number of other joints with pain
and changein WOMAC function for theintervention group but
apositive relationship for the control group (Figure 2). Results
using complete case data were similar (Multimedia Appendix
3 and Multimedia Appendix 4).

Table 2. Results of the moderation analysis presented in terms of the effect on change in Western Ontario and McMaster Universities Osteoarthritis
Index function of a 1-unit increase in the potential moderators in each of the control and intervention groups using multiply imputed data.

Moderator (taken at baseline)

Intervention group

Estimated moderator coefficient (95% CI)

Interaction P value

Control group

Number of comorbidities®

Number of other joints with pai nP
Arthritis self-efficacy pain subscale®
Self-efficacy for exercise scale?

Exercise importance®

0.49 (—1.68 to 2.66)
-0.68 (~2.21 10 0.84)
~0.62 (-1.93 0 0.68)
0.04 (~0.07 t0 0.14)

0.33 (-1.48t0 2.13)

2.41(0.01t0 4.81) 24
0.76 (-0.55 t0 2.07) 16
152 (0.27t0 2.78) 02
0.09 (~0.03 to 0.20) 54
1.00 (-0.81 t0 2.81) 61

8Collected via a question asking participants to select from a list of 13 comorbidities any of which were relevant to them. A participant’s selected
comorbidities were then added to create a continuous score of the total number of comorbidities per participant; this resulted in arange of 0to 4.

BCollected viaa guestion asking participants to select from alist of 9 joints any of which they currently experience pain in. Responses were converted
into a continuous score of number of other joints with pain per participant, ranging from 0 to 9.

CScores range from 1 to 10, with higher scoresindicating greater self-efficacy for pain.
dScores range from 0 to 90, with higher scoresindicating greater self-efficacy for exercise.
®Measured via the response to the question “How important isit to you to do regular exercise to manage your knee condition?’ Scores range from 1 to

7; higher score indicates higher importance.
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Figure 1. Differences in the mean change in Western Ontario and McMaster Universities Osteoarthritis Index function (baseline minus 24 weeks)
between treatment groups (intervention minus control) for each potential continuous moderator by using multiply imputed data. Positive values favor
the intervention. The solid line indicates the difference between the control and intervention arms. Dashed line indicates no difference between the
control and intervention arms. Shaded areas indicate 95% confidence intervals. WOMAC: Western Ontario and McMaster Universities Osteoarthritis
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Figure2. Mean changein Western Ontario and McMaster Universities Osteoarthritis Index function (baseline minus 24 weeks) in each treatment group
for each potential continuous moderator by using multiply imputed data. Positive changes indicate improvement. The solid line indicates the average
change in each treatment group. Bars indicate 95% confidence intervals. WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
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M oder ator sof the Effect of thelntervention on Change
in Overall Pain

The models assuming a linear relationship between each
potential moderator and change in overall pain provided the
best fit; therefore, more complex model swere not needed (refer
to scatter plotsin Multimedia Appendix 5). Theresults of linear
models using multiply imputed data are presented in Table 3
and visually in Figure 3 and Figure 4. There was only weak
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evidence that any of the investigated variables moderated the
effect of the intervention on pain compared to the control at 24
weeks. In general, positive relationships were observed between
each of the baseline characteristics and change in overall pain
for both intervention and control arms, with little differencein
the magnitude of the slope for each group (Figure 4). Results
using complete case data were similar (Multimedia Appendix
3 and Multimedia Appendix 6).
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Table 3. Results of the moderation analysis, presented in terms of the effect on change in the numerical rating scale of overall knee pain of a 1-unit
increase in the potential moderators in each of the control and intervention groups using multiply imputed data.

Moderator (taken at baseline) Estimated moderator coefficient (95% CI) Interaction P value
Intervention group Control group

Number of comorbidities? 0.23(-0.21t0 0.68) 0.13(-0.35t0 0.62) 76

Number of other joints with pain® -0.02 (-0.32t0 0.28) 0.10 (-0.16 t0 0.36) 56

Arthritis self-efficacy pain subscale® 0.23 (-0.02 t0 0.49) 0.14 (-0.10t0 0.38) .60

Sdif-efficacy for exercise scale® 0.00 (-0.02 t0 0.02) 0.02 (0.00 to 0.05) 13

Exercise importance® 0.11 (-0.23t0 0.45) 0.47 (0.12t0 0.83) 15

8Collected via a question asking participants to select from a list of 13 comorbidities any of which were relevant to them. A participant’s selected
comorbidities were then added to create a continuous score of the total number of comorbidities per participant; this resulted in arange of 0to 4.

bCollected viaaquestion asking participants to select from alist of 9 joints, any of which they currently experience pain in. Responses were converted
into a continuous score of number of other joints with pain per participant, ranging from 0 to 9.

CScores range from 1 to 10, with higher scores indicating greater self-efficacy for pain.
dscores range from O to 90, with higher scores indicating greater self-efficacy for exercise.

®Measured via the response to the question “How important isit to you to do regular exercise to manage your knee condition?’ Scores range from 1 to
7; higher scores indicate higher importance.
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Figure 3. Differences in the mean change in the numerical rating scale for overall knee pain (baseline minus 24 weeks) between treatment groups
(intervention minus control) for each potential continuous moderator by using multiply imputed data. Positive values favor the intervention. The solid
line indicates the difference between the control and intervention arms. The dashed line indicates no difference between the control and intervention
arms. Shaded areas indicate 95% confidence intervals. NRS: numerical rating scale.
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Figure 4. Mean change in the numerical rating scale for overall knee pain (baseline minus 24 weeks) in each treatment group for each potential
continuous moderator by using multiply imputed data. Positive changes indicate improvement. The solid line indicates the average change in each
treatment group. Bars indicate 95% confidence intervals. NRS: numerical rating scale.
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Discussion

Principal Findings

This study explored potential moderators of the effect of a
self-directed digitally delivered exerciseintervention for people
with knee OA on changes in pain and physical function over
24 weeks. Except for pain self-efficacy, wefound little evidence
that our selected patient characteristics moderated treatment
outcomes. Regarding pain self-efficacy, the hypothesis generated
from this exploratory study isthat participants with higher pain
self-efficacy at baseline experienced smaller improvementsin
function with the self-directed digitaly delivered exercise
intervention compared to the control. Conversely, participants
with lower pain self-efficacy at baseline experienced greater
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improvements in function from the intervention compared to
the control. After identifying an interaction effect between pain
self-efficacy and function, we further explored our finding by
treatment group. We identified that the interaction effect was
driven by changesin the control group. Specifically, each unit
increase in pain self-efficacy was associated with a 1.52-unit
(95% CI 0.27 to 2.78) improvement in function in the control
group. In contrast, there was a reduction in function of 0.62
units (95% CI —1.93 to 0.68) for each unit increase in pain
self-efficacy in the intervention group, although thisfinding is
equivocal, given the confidence interval crossed zero. Pain
self-efficacy refersto one’s confidencein their ability to control
their pain and function while in pain [30] and determines how
much effort people will expend and how long they will persist
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while experiencing pain[33]. Therefore, it may be possible that
participants in the control group who had higher baseline pain
self-efficacy were more confident and may have felt more
willing to act upon the genera knee exerciseinformation offered
inthe control website while experiencing pain. Hence, thismay
be why people in the control group with greater baseline pain
self-efficacy (over 4/10) experienced improvementsin function
while those with lower pain self-efficacy (less than 4/10)
experienced worsening function. This suggests that for people
with knee OA and low pain self-efficacy, interventions that
combine exercise with strategies to improve pain self-efficacy
such as evidence-based pain education and psychological
interventions (eg, pain coping skillstraining) [34] may be more
appropriate than education only.

There is limited research investigating the moderating effects
of self-efficacy on exercise outcomes in knee OA. One
exploratory study found evidence that pain self-efficacy
moderated the effect of a teleheath-delivered
physi otherapist-prescribed exercise program combined with an
automated pain coping skills training program for people with
knee OA on changes in pain but not function when compared
to an education control [25]. This contrasts our findings where
pain self-efficacy moderated changes in function but not pain.
Thereason for the variation in the findings between the 2 studies
isunclear; however, it may relateto the vast differences between
the interventions. For example, the former study included
physi otherapist-prescribed exercise and psychological treatment
addressing pain coping, while the intervention in our study
comprised fully self-directed exercise and automated exercise
adherence support. Even so, these differences in findings
highlight the need for future, adequately powered studiesto rule
out chance findings and rigorously explore the moderating role
of pain sdlf-efficacy on exercise effects and the related
mechanisms that may be at play in people with knee OA.
Regarding self-efficacy for exercise, one study has conducted
asecondary analysis of datafrom an RCT comparing exercise,
self-management, and active  coping strategies
(individual-delivered and group-delivered) to usua care on
function in people with chronic knee pain [35]. Similar to our
findings, this study found no evidence that baseline self-efficacy
for exercise (measured in this study viaasubscale of an exercise
health beliefs and self-efficacy questionnaire) moderated the
effect of the intervention on function at 6 months compared to
theusual care control. A possible explanation for these findings
may relate to uncertainties about the effect of exercise adherence
on knee OA outcomes. For example, although self-efficacy for
exercise is associated with higher levels of physical
activity/exercise participation in people with knee pain [26],
greater exercise adherence may not actually trandate to
improved knee OA outcomes [36]. As these findings are all
exploratory in nature, further studies arerequired to explorethe
potential of self-efficacy to moderate the effects of exercise on
OA symptoms. Nonetheless, our findings do demonstrate that
patients with al levels of self-efficacy experienced
improvementsin function and reductionsin knee pain from the
self-directed digitally delivered exercise intervention, which
supports the use of this intervention for people with knee OA
and all levels of self-efficacy at baseline.
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To our knowledge, thisisthefirst study to investigate multi-joint
pain and comorbidities as moderators of the effect of
self-directed exercise on outcomesin peoplewith OA. Wefound
that neither of these baseline characteristics moderated the effect
of the intervention on changes in pain or function relative to
the control. Despite this, an interesting observation was a
negative rel ationship between number of other joints with pain
and changesin physical function for theintervention group (ie,
those with a greater number of joints with pain experienced
smaller improvementsin function). Although, thiswas supported
by only weak evidence of an interaction effect (P=.16), this
observation may indicatethat the self-directed digitally delivered
intervention may be less beneficial for people with pain in
multiple joints. Multi-joint pain can be indicative of complex
pain presentations such as widespread pain and fibromyalgia
[37], and people with knee OA and widespread pain have been
found to have poorer self-reported function when compared to
people with knee OA only [27,38]. Furthermore, personalized
exercise prescription and monitoring (eg, via a hedth
professional) and psychological treatments such as cognitive
behavior therapy are recommended for people with widespread
pain[39]. Therefore, peoplewith knee OA and painin multiple
other joints may be better suited to a tailored approach to
management over a self-directed digitally delivered exercise
intervention. Regarding comorbidity, 2 studies have explored
the potential for the number of comorbidities present at baseline
to moderate the effect of therapist-led exercise on pain and
function in people with knee OA and support our findings
[40,41]. A systematic review of subgroup analyses from 14
RCTsfound that the number of comorbidities present at baseline
did not moderate the effects of exercise interventions on pain
or function compared to nonexercise controls for people with
knee or hip OA [40]. Similarly, a recent secondary analysis of
RCT data found that the number of comorbidities present at
baseline did not moderate the effect of a course of
physiotherapist-led exercise on pain and function at 6 months
compared with a nonexercise control [41]. Although these
findings are exploratory and require confirmation in future
studies, they do indicate that peoplewith knee OA and multiple
comorbid conditions may respond to exercise in similar ways
as those without comorbidity. This may be unsurprising,
considering exercise is safe and effective for people with
multimorbidity and isrecommended for abroad range of chronic
conditions [42].

There appears to be currently no research exploring patient
characteristics as potential moderators of the effectsof digitally
delivered exercisein populations with OA and limited research
in adult populations more broadly. We found 2 studies that
conducted subgroup analyses of RCT data exploring potential
moderators of the effect of digitally delivered physical activity
interventionsin adults. One study explored potential moderators
of the effect of computer-tailored physical activity on changes
in total weekly minutes of physical activity at 12 months in
peopl e aged 50 years and older [43]. Moderation analysisfound
participants with a higher age, lower body mass index, and
higher self-reported intention to be physically active at baseline
were not responsive to computer-tailored physical activity
relative to awaitlist control. Another study explored potential
moderators of the effect of computer-tailored physical activity
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intervention on changes in physica activity behavior
(accel erometry measured moderate-to-vigorous physical activity
per week and steps per day) at 3 monthsin inactive adults[44].
This study found that the intervention was more effective for
women than men, relative to the usua care control. Owing to
the differencesin the selected moderators and outcomes, direct
comparisons cannot be made with our findings. However, our
findings add to the scant literature regarding the role of patient
characteristics as moderators of the effect of digitally delivered
exercise in adult populations and may provide direction for the
selection of potential moderatorsin future research.

Overdll, our findings suggest that our self-directed digitally
delivered exercise intervention is similarly effective for pain
for arange of people with knee OA. With respect to function,
it may be that our 24-week intervention is less beneficia when
compared to control for people with high baseline pain
self-efficacy (eg, ascore of over 9/10; see Figure 2). Conversely,
the intervention may be more beneficial when compared to
control for people with lower levels of pain self-efficacy.
Therefore, it may be anovel treatment approach for people with
knee OA and low pain self-efficacy who typically report greater
levels of disability [45].

Strengths and Limitations

The strengths of this study include its robust design using
reliable and valid clinica outcome measures [22-24] and
appropriate  methods of  dtatistical analyses  of
interaction/moderation [18]. Further, our selection of potential
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moderator variables was evidence-informed and explicitly
described a priori while the selection of only a few variables
aimed to minimize the risk of potentially erroneous findings.
Our findings and the hypothesis generated can aso be
considered generalizable to the broader knee OA population
owing to the limited inclusion criteria and nationwide
community recruitment of participants in the RCT. Several
limitations must also be acknowledged. This study was
exploratory asthe original RCT was powered to detect changes
in pain and function and not to detect moderator effects. Asthis
was exploratory, no adjustment for multiple testing was
conducted. It is possible that a lack of power prevented the
identification of potential moderators rather than the absence
of an effect or that our finding occurred by chance, although a
chance finding was controlled for by limiting the number of
potential moderators to analyze. As such, further confirmatory
studies are required. Additionally, despite our selection of
variables being evidence-informed, it is possible that baseline
variables other than those selected could be potential moderators.

Conclusion

With the exception of pain sdlf-efficacy, wefound little evidence
that our selected patient characteristics moderated treatment
outcomes. Although these findings are exploratory in nature,
they do contribute to the sparse literature regarding moderators
of the effect of digitally delivered exercise in adult populations
and may inform future research aiming to improve thetargeting
of exercise treatments.
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