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Abstract

Background: The integration of telehealth-supported programs in chronic disease management has become increasingly
common. However, its effectiveness for individuals with knee osteoarthritis (KOA) remains unclear.

Objective: This study aimed to assess the effectiveness of telehealth-supported exercise or physical activity programs for
individuals with KOA.

Methods: A comprehensiveliterature search encompassing Embase, MEDLINE, CENTRAL, Web of Science, PubMed, Scopus,
PEDro, GreyNet, and medRxiv from inception to September 2023 was conducted to identify randomized controlled trialscomparing
telehealth-supported exercise or physical activity programsto a control condition for KOA. Datawere extracted and qualitatively
synthesized across eligible studies, and ameta-analysis was performed to evaluate the effects. The study was reported according
to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020.

Results: Intotal, 23 studiesmet eligibility criteria, with 20 included in the meta-analysis. Results showed that tel ehealth-supported
exercise or physical activity programs reduced pain (g=—0.39; 95% Cl -0.67 to —0.11; P<.001), improved physical activity
(9=0.13; 95% CI 0.03-0.23; P=.01), and enhanced physical function (g=—0.51; 95% CI —0.98 to —0.05; P=.03). Moreover,
significant improvementsin quality of life (g=0.25; 95% Cl 0.14-0.36; P<.001), self-efficacy for pain (g=0.72; 95% CI 0.53-0.91,
P<.001), and global improvement (oddsratio 2.69, 95% Cl 1.41-5.15; P<.001) were observed. However, self-efficacy for physical
function (g=0.14; 95% CI -0.26 to 0.53; P=.50) showed insignificant improvements. Subgroup analyses based on the World

Health Organization classification of digital health (pain: x%=6.5; P=.04 and physical function: x2,=6.4; P=.04), the type of
teletechnology in the intervention group (pain: )(24:4.8; P=.31 and function: )(24:13.0; P=.01), and active or inactive controls

(pain: )(21:5.3; P=.02 and physical function: x21=3.4; P=.07) showed significant subgroup differences.

Conclusions: Telehealth-supported exercise or physical activity programs might reduce knee pain and improve physical activity,
physical function, quality of life, self-efficacy, and global improvement inindividualswith KOA. Future research should consider
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longer implementation durations and assessthe feasibility of incorporating wearables and standardized componentsinto large-scale

interventions to evaluate the effects.

Trial Registration: PROSPERO CRD42022359658; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=359658

(J Med Internet Res 2024; 26:e€54876) doi: 10.2196/54876
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Introduction

Osteoarthritisisaprevalent degenerative joint disease affecting
more than 500 million individuals globally [1], with over 260
million individuals experiencing knee osteoarthritis (KOA)
alone, resulting in significant health and socioeconomic burdens
[2]. The prevalence of KOA among individuals aged 60 years
is 26.8% [3], and projections indicate that by the year 2100,
KOA will affect approximately 2.37 billion people aged 65
years and older and 866 million individuals aged 80 years and
older worldwide [4]. At the early stage of KOA, pain and
gtiffness are the predominant symptoms; thus, management
strategiesaim to alleviate pain and increase functional capacities
[5]. Physical activity reflectsindividuals' overal activity levels,
while exercise denotes a planned, structured, and repetitive
subset of physical activity [6]. The level of daily physica
activity correlates positively with the physical function and
quality of life of patientswith KOA while also controlling pain
intensity [7]. Clinical guidelines advocate for physical activity
and exercise as the first-line management strategy for KOA
[2,8,9]. Exercise and physica activity interventions have been
shown to dleviate KOA symptoms and delay functional
impairment and eventual joint replacement [10,11]. However,
gaps exist in the clinical application of active lifestyle and
exercisefor KOA, with atendency to overly rely on medication
and surgery [12]. Effectiveinterventions are desperately needed
to address decreased function associated with an inactive
lifestyle and aging. However, in-person health care services,
particularly physical therapy, can be expensivein terms of time
and other costs, such as consultation fees and transportation,
for individuals with incurable KOA requiring long-term
intervention [13]. Furthermore, lacking motivation to maintain
an active lifestyle is also a barrier since adherence to
home-based exercise decreased by 94.7% at 3 monthsfollowing
discharge [14].

Telehealth is defined as “the delivery and facilitation of health
and health-related servicesincluding medical care, provider and
patient education, health information services, and self-carevia
telecommunications and digital communication technologies’
[15,16]. An accumulating body of evidence suggests that
telehealth-supported exercise interventions have been proven
asapreferableform of intervention, especially dueto the“social
distancing” requirement imposed by the COVID-19 pandemic.
Hence, the need for advice or interventions via telehealth has
soared [17,18]. However, because of its complicated operating
system, ambiguous instructions, and need for Wi-Fi or cellular
data, digital rehabilitation may not be as beneficia as

https://www.jmir.org/2024/1/e54876

face-to-face rehabilitation for people with KOA who are
typicaly older.

The modes of remote rehabilitation are diverse, and many design
factors, such as reminders, supervision, and communication,
are closely related to the ultimate intervention outcomes. The
high heterogeneity in the design of existing clinical trials on
remote rehabilitation poses challenges in comparing the
effectiveness of methods and summarizing experiences. Several
reviews have attempted to evaluate the efficacy of
telehealth-supported exercise programsin individual swith KOA
[19-21], but few have focused on the efficacy of
telehealth-supported physical activity programs. Our previous
meta-analysis (n=4) [21] indicated that internet-based
rehabilitation relieved pain in patients with KOA, but its effect
on physical function was unclear due to the limited inclusion
of original studies. Regarding the treatment effect of computer-
or virtual reality—supported exercise on patients with KOA,
another meta-analysis (n=12) [22] found no improvement in
physical function, which might result from heterogeneity in
exercise programs and experimental design. Additionally, these
reviews did not examine how telehealth-supported exercise
programs affect physical activity, self-efficacy in coping with
symptoms, or global improvement experienced by patients.

To enhance our comprehension of the impact of
telehealth-supported exercise or physical activity programsin
individualswith KOA, asexamined by multiple studies[23-32],
we conducted a systematic review and meta-anaysis. The
objective of this investigation was to assess the effect of
telehealth-supported exercise or physical activity programs on
pain, physical activity, physical function, self-efficacy, quality
of life, and global improvement with a comprehensive bias
assessment. Additionally, the study applied the World Health
Organization (WHO) classification of digital health [33] to
articulate the functionalities of each program and provided an
analysis of the minimally important differences (MIDs), which
are important considerationsin clinical decision-making.

Methods

Selection Process, Search Strategy, and Eligibility
Criteria

The review protocol was registered with PROSPERO
(CRD42022359658) and reported according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) recommendations, version 2020 (PRISMA
checklistispresent in Multimedia Appendix 1) [34]. Multimedia
Appendix 2 contained a list of modifications to the study
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protocol. For randomized controlled trials (RCTs) published in
English-language peer-reviewed journas, the following
databases were searched: Embase (via OVID platform),
MEDLINE (viaOVID platform), CENTRAL (viathe Cochrane
Library), Web of Science, PubMed, Scopus, and PEDro from
inception to September 2023. The specialist registers GreyNet
(GreyNet International) and medRxiv (Cold Spring Harbor
Laboratory) were searched for gray literature. To identify
possibly pertinent studies, the referencelists of studiesincluded
in the full-text screening process were manually searched. We
developed a search strategy, and thefull search strategy islisted
in Multimedia Appendix 3. The entire search process was
assisted by alibrarian from Sichuan University.

A wide definition of atelehealth-supported structured exercise
or physical activity programs was established, covering

Xiang et a

interventions delivery via telephone (voice calls), SMS text
messages, mobile app (app-based), internet (web-based), and
wearable device (electronics). Studieswereincluded within the
Participants, Intervention, Comparison, Outcome, and Study
Design (PICOS) framework (Textbox 1). Studieswere excluded
if the research simultaneously addressed other forms of arthritis
or included unclear statistical data. Studies identified from
literature research wereimported into Review Manager (version
5.4; Nordic Cochrane Centre, Cochrane Collaboration). Titles
and abstracts were independently screened by 2 authors (XNX
and ZZW) to identify studies for full-text screening. Any
disagreements were resolved through discussion under the
guidance of athird reviewer (SY Z). The process for full-text
screening remained consistent.

Textbox 1. Inclusion criteria according to the Participants, Intervention, Comparison, Outcome, and Study Design framework.

Participants:

Intervention:

or applications combined with wearable devices

Comparison:

exercise programs, and patient education)

Outcomes:

function, and overall global improvement

Study design:
« Randomized controlled trial

o Participants regardless of age with adiagnosis of knee osteoarthritis

«  Telehealth-supported structured exercise or physical activity programs delivered by telephone, SM'S, mobile app, internet, and wearable device,

«  Telehealth-supported programs without exercise or physical activity, waiting list, or nontelemedicine interventions (ie, usual care, conventiona

«  Primary outcomes were pain, physical activity, and physical function and secondary outcomes were quality of life, self-efficacy for pain and

Data Extraction

Twoindependent authors (ZZW and JY Z) extracted data (author,
year of publication, country, participants, intervention content
and duration, forms of monitoring, formsof telehealth, delivery
model, the WHO classification of digital health, and results)
with a standardized data template. Specifically, the WHO
classification of digital health [33] was used to systematically
categorize thetelehealth interventions and support the synthesis
of research and evidence. Accordingly, studies were classified
into (1) interventions for clients, (2) interventions for health
care providers, and (3) interventionsfor both clients and health
care providers. Disagreements between the 2 reviewers were
resolved through consensus, and if necessary, by consultation
with a third reviewer (SYZ). For each outcome of interest,
means, SDs, and sample sizes were extracted for each
comparison. If SDs were missing for continuous data, other
statistics (ie, 95% Cl; SEs; and t, F, or P values) were used for
the calculation of SD via the calculator tool from Review
Manager.

https://www.jmir.org/2024/1/e54876

Data Synthesisand Analysis

The effect sizes of each study were quantified using standardized
mean differences (SMDs), which were computed by dividing
the difference in means between the 2 groups by the pooled SD
of the measurement [35]. The SMDs for each study were
obtained from the changes in outcome measures prior to and
after the intervention indicating the intervention’sinfluence on
the outcome measures.

Data analysis was performed with Review Manager and R
(version4.2.1; R Foundation for Statistical Computing). Hedges
g with a 95% CI was used to analyze continuous variables,
irrespective of whether specific outcomes were identified.
Heterogeneity was assessed with Cochrane Q statistic
(significance level at P<.10) and quantified with 1% (substantial
heterogeneity at 1>>50%) [36,37]. The presumed variability
across the included studies led to the application of the
random-effects model. The results of fixed-effect model results
were reported when heterogeneity was absent (12=0). Otherwise,
the between-study differences were explained with the results
of the random-effects model. Egger regression test, Begg rank
correlation test, and funnel plot of the primary outcomes were
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used to assess the potential publication bias [38]. If the test for
asymmetry was significant, the trim-and-fill method was used
to address missing studies and estimate the pooled effect to
adjust for possible bias. Influence analysis was used to identify
outliers. Sensitivity analyses were performed on primary
outcomes to confirm robustness, using the fixed-effect model
and implementing the “leave-one-out” method [39], excluding
outliers. Methodol ogical assistance was provided by aresearcher
from the MAGIC China Center or Cochrane China Center at
West China Hospital, Sichuan University.

Meta-Analysis

A meta-regression test and subgroup analysis of the primary
outcomes (pain, physical activity, and physical function) were
conducted to identify factors contributing to heterogeneity. The
meta-regression test considered variables that might influence
the intervention effect and heterogeneity. Based on the
regression results, selected factors were used for the subgroup
analysis. Hedges g cut-off points of 0.20, 0.50, and 0.80,
respectively, represented asmall, moderate, and large effect. A
P value <.05 was deemed statistically significant [35]. Hedges
g and representative SDs (pooled from the intervention and
control groups in trials using the scale) were used to calculate
theMIDsfor primary outcomes[40], which were then compared
to thereported MIDs. The anchor-based estimateswere applied
when no MID was reported [41].

Quality Assessment

The Cochrane Collaboration’'s risk of bias tool, specifically
Vision 2, was used to assess bias. We assessed biases in the

https://www.jmir.org/2024/1/e54876
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following domains: randomization process, deviations from
intended interventions, missing outcome data, measurement of
the outcome, and selection of the reported result [42]. Every
element was classified as low, some concerns, or high risk.
Furthermore, the PEDro scale was used to assess the quality of
included studies[43].

Quiality of Evidence Assessment

The GRADE (Grading of Recommendations Assessment,
Development, and Eval uation) approach was applied to evaluate
the certainty of evidence for each outcome. The overall certainty
of evidence for each outcome was graded as high, moderate,
low, or very low. Evidence was downgraded by 1 level for each
serious problem identified in the domains of risk of bhias,
inconsistency (substantial heterogeneity: 12>50%), indirectness,
imprecision (such as small sample size), and publication bias
[44].

Results

Study Selection

A totdl of 14,081 paperswereinitially identified from databases,
with an additional 13 retrieved. After removing duplicates, 4021
recordswere screened for titles and abstracts. Subsequently, 86
full-text paperswere assessed for eligibility. Of these, 23 papers
[23-32,45-59] were included in the systematic review (Figure
1). Excluded studies at the full-text screening stage are listed
in Multimedia Appendix 4, with reasons for exclusion. Three
papers [46,58,59] were excluded from the meta-analysis dueto
uncalculated SDs, resulting in the inclusion of 20 (87%) papers.
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Figure 1. Flow diagram describing the literature review process. PICOS: Participants, Intervention, Comparison, Outcome, and Study Design; RCT:

randomized controlled trial.
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Characteristics of Included Studies

The characteristics of the included studies are presented in
Multimedia Appendix 5 [24-32,45-54,56-59]. A total of 23
studies involving 3824 patients, of whom 2294 (60%) were
female, wereincluded in the systematic review. One study [26]
exclusively examined the effect of telehealth-supported
programs on the femal e popul ation, while other studiesrecruited

https://www.jmir.org/2024/1/e54876

RenderX

participants of both genders. Among these studies, 2 (9%)
studies were conducted in Europe, 5 (22%) in North America,
5 (22%) in Asia, 9 (39%) in Australia, and 2 (9%) in Africa.
The study period varied between 4 and 96 weeks, with 7 (30%)
trials performing the tel ehealth-based intervention for less than
3 months, 6 (26%) for 3 to 6 months, and 10 (39%) for more
than 6 months. A total of 13 (57%) studies provided
telehealth-supported exercise programs, 4 (17%) provided
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physical activity programs, and 6 (26%) provided treatments
in combination. Interventions were delivered through various
digital technologies, including mobile app (n=4), telephone
(n=4), internet-based platforms (n=4), SM Stext messages (n=2),
and combinations (n=9). Moreover, studies tested different
factors related to program design and delivery. Various forms
of monitoring were performed, such as reminder alone (n=4),
remote coaching alone (n=3), remote monitoring aone (n=3),
combined remote reminder and monitoring (n=2), combined
remote coaching and monitoring (n=7), and fewer studies
focused on combined remote reminder and coaching (n=1) or
combined al (n=1). Concerning interaction during the delivery
of telehealth, 8 (35%) studies delivered through virtual contact
(non—face-to-face contact), no interacting contact occurred in
5 (22%) studies, 5 (22%) studies used mixed forms, and 1 (4%)
study used in-person delivery.

The primary outcomes included pain, physical activity, and
physical function. Inthe 23 included studies, pain was measured
using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain subscale (n=12), Visual
Analogue Scale (n=2), Knee Injury and Osteoarthritis Outcome
Score (KOOS) pain subscale (n=5), or Numeric Pain Rating
Scale (n=10). Physical activity levels were assessed using the
Physical Activity Scalefor the Elderly (n=6), time spent in daily
moderateto vigorous physical activity (n=2), or the International
Physical Exercise Questionnaire (n=1). Physical function was
evaluated using the WOMAC function subscale (n=15), KOOS
function subscale (n=2), Timed Up and Go test (n=6), or Ibadan
Knee/Hip Osteoarthritis Outcome Measure (n=1).

The secondary outcomes included quality of life, self-efficacy
for pain and function, and global improvement. Self-efficacy
was measured using the Arthritis Self-Efficacy Scale,
specifically its pain (n=6) and function (n=4) subscales. Quality
of life was assessed using either the KOOS Quality of Life
subscale (n=4) or the Assessment of Quality of Life (n=7). The
global improvement was eval uated based on self-reported scores
on a 7-point Likert scale (n=4). The outcome measurements
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identified in the included studies are detailed in Multimedia
Appendix 5.

Risk of Bias

Therisk of biasanalysisis presented in Multimedia A ppendices
6 and 7 [24-32,45-54,56-59]. In total, 19[24,25,29,30,32,45-59]
of the 23 papers followed intention-to-treat analysis, while the
remaining 4 [26-28,31] followed per-protocol analysis. Biases
across 5 domainswereidentified and reported in corresponding
studies. Concerns regarding the randomization process were
noted in 6 (26%) studies[25,27,28,46,57,58]. Given the inherent
difficulty in blinding participants in telehealth-based exercise
and physical activity programs, concernsarosein the“deviations
fromintended interventions’ domain among 12 (52.17%) studies
[24,26-28,30,31,46,51,52,57-59]. All studies have reported
strategies for incomplete outcome data. One (4%) study [26]
exhibited a high risk of bias in outcome measurement due to
insufficient information regarding blinded assessment. Concerns
regarding the selection of the reported result were raised in 2
(9%) studies[49,51]. Overall, therisk of biasjudgment indicated
high risk in 2 (8.70%) studies [26,58] and low risks in 10
(43.48%) studies [29,32,45,47-50,53,54,56]. Meanwhile, the
assessment outcomes of the PEDro scale are presented in
Multimedia Appendix 7. Each of the 23 papersincluded in the
study received PEDro scores exceeding 5 points. Notably, 12
papers obtained PEDro scores ranging between 6 and 8 paints,
thus falling within the classification of “good.” Furthermore,
11 papersachieved PEDro scores equal to or exceeding 9 points,
indicating an “excelent” quality level.

Main Analyses About Effects of Telehealth-Based
Exercise or Physical Activity Programs

Overview

Meta-analysisresults of the effects of tel ehealth-based exercise
or physical activity programs on primary outcomes are presented
in Table 1. The GRADE summary of findings is listed in
Multimedia Appendix 8.
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Table 1. Meta-analysis results of the primary effects of telehealth-based exercise or physical activity programs.

Primary effects RCTs? n  Hedgesg Pvalueof Egger Pvaueof Begg  caculated MIDP  Reported Quality of evidence
(95% ClI) regression test rank correlation MID (GRADEC)d
test
Pain 19 -0.39(-0.67 .41 .92 13 2.0 oo ef
t0-0.11)
Physical activity 9 0.13(0.03t0 .46 40 9.0 46.0 oo e9
0.23)
Physical function 18 -0.51(-0.98 .19 .73 5.3 10.1 oo eh
to —0.05)

8RCT: randomized controlled trial.
OM1D: minimal ly important difference.
®GRADE: Grading of Recommendations Assessment, Development and Eval uation.

dGRADE Working Group grades of evidence: High quality (00O0O0): Further research is very unlikely to change our confidence in the estimate of
effect. Moderate quality (OOO ): Further research is likely to have an important impact on our confidence in the estimate of effect and may change the
estimate. Low quality (OO ): Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate. Very low quality (O ): We are very uncertain about the estimate.

€Downgraded for risk of bias: Participants and personnel were unblended.
fDowngraded for inconsistency: Considerable heterogeneity (I 2:83%).
9Downgraded for imprecision: Small sample size [54].

hDowngraded for inconsistency: Considerable heterogeneity (I2=87%).

Pain 12=0.3498; P<.001). The calculated M1D of pain was 1.3, which
was smaller than the reported MID (2.0 units for the WOMAC
pain subscale) [60]. Overdl, the evidence suggests a low
certainty that telehealth-based exercise or physical activity

_P <'_001_; forest plot _Figure 2A [24’26'32’45’47f54'56'57])' programs lead to a small yet statistically significant reduction
indicating afavorableimpact of the telehealth-based intervention i nain 4jthough the clinical significance of this reduction might

on pain. However, substantial heterogeneity was noted (| 2=83%:;  pelimited.

In 19 studies, a significant difference and a small effect size
were observed (n=2512; g=-0.39; 95% Cl -0.67 to -0.11;
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Figure 2. Forest plot of (A) pain, (B) physica activity, and (C) physical function.

A
Telehealth-supported exercise programs Control Standardised Mean
Sludy Total Mean 5D Total Mean 5D Difference SMD 95%-Cl Weight
Alasfour M et al. 2022 18 -222 18300 17 -082 2.1300 —=- -0.69 [-1.38:-0.01] 4.4%
Allen KD et al. 2018 142 112 3.2500 208 -0.69 3.2300 3 -0.13 [-0.35; 0.08] 5.8%
Allen KD et al. 2021 183 -1.00 32800 94 040 3.4600 -—‘ -0.42 [-0.68:-0.16) 5.7%
Arfaei Chitkar 55 et al, 2021 31 665 45800 29 -335 1.5900 8- -0.84 [-1.47,-040] 4.9%
Baker K et al. 2020 52 -0.80 36400 52 -062 36800 3 -0.05 [0.43; 0.34] 54%
Bennell KL et al. 2017 (A) 72 -250 198300 70 -2.00 2.0200 = -0.25 [-0.58; 0.08] 5.5%
Bennell KL et al.2017 (B) 86 -250 19300 67 -1.50 2.1700 —| -0.48 [-0.83;-0.14) 5.5%
Bennell KL et al. 2020 48 060 21500 49 020 2.3500 = 0.18 [-0.22; 0.57] 54%
Bennell KL et al. 2022 (A) 172 -260 18800 67 -1.70 1.8400 "‘l -0.52 [-0.81;-0.23) 56%
Bennell KL et al.2022 (B) 107 -2.00 23000 105 -1.40 2.4000 = -0.25 [-0.52; 0.02) 5.7%
Gohir SA et al. 2021 48 -1.80 1.8%00 &2 -0.30 1.9500 = | 077 [-1.14:-0.40) 54%
Hinman RS et al. 2020 83 -250 18700 &2 -1.80 1.9500 L] -0.36 [-0.67;-0.06] 56%
Hsu ¥l etal 2021 21 191 17300 21 -215 1.9900 = 012 [-0.48; 0.73] 4.7%
LiLC et al. 2020 24 050 144800 24 080 14.7400 L -0.02 [-0.59; 0.55] 4.8%
Nelligan RK et al. 2021 91 280 18500 92 -1.20 2.1000 = | -0.79 [-1.09;-049) 56%
O'Brien KM et al. 2018 59 -0.30 22400 60 -0.90 2.5000 = 0.25 [0.11; 0.61] 5.5%
Odole AC et al. 2013 25 -32.28 165800 25 -37.00 16.9900 = 0.28 [-0.28; 0.83] 4.9%
Rafig MT etal. 2021 32 275 08700 32 -0.28 0.7400 —— [ -3.02 [-3.75:-2.29) 4.3%
Thiengwittayaporn 5 et al. 2021 42 130 70100 40 140 59000 b -0.02 [-0.45; 042] 53%
Random effects model 1296 1218 C-I -0.39 [-0.67; -0.11] 100.0%
Heterogeneity: I = 83%, 1 = 0.3498, p < 0.01 UL
Test for overall effect: z =-2.70 (p < 0.01) 32 10 1 2 03
— —
Favours intervention Favgurs contrel
B
Telehealth-supported exercise programs Control Standardised Mean
Study Total Mean SD Total Mean sSD Difference SMD 95%-Cl Weight
Allen KD et al, 2018 142 943 702500 208 596 65.1800 —= 0.05 [-0.16;0.26]) 22.7%
Allen KD et al. 2021 163 24.60 804500 94 14.30 79.6400 T 0.13 [-0.13;0.38) 16.0%
Bennell KL et al. 2017 (A) 72 18.00 850000 70 7.00 71.6900 —1TF— 0.14 [-0.19:047) 9.5%
Bennell KL et al, 2020 48 13.80 101.3300 48 0.10 77.5800 — 0.15 [0.25/0.55) 8&.5%
Bennell KL et 212022 (&) 172 6.90 17.2900 &7 0.80 17.7400 e 0.35 [0.07;0.63) 12.8%
Hinman RS et al. 2020 83 20.00 91.0000 &2 9.00 91.3400 —1E— 0.12 [-0.19;0.43] 11.1%
LiLC etal. 2020 24 670 344000 24 -21.90 87.5100 -t 042 [-0.151.00] 32%
Nelligan RK et al. 2021 91 1060 73.7300 92 850 70.7200 —— 0.03 [-0.28;0.32) 12.3%
O'Brien KM et al. 2018 37 65.00 3443300 52 84.80 335.0000 —_— -0.08 [-0.48;0.36] 5.8%
Fixed effect model 832 738 < 0.13 [ 0.03; 0.23] 100.0%
Heterogeneity: Fa 0%, =0, p =075
Test for overall effect; z = 2.45 (p = 0.01) 05 0 05
— —
Favours control Favours intervention
c
Telehealth-supported ise prog Control Standardised Mean
Study Total Mean SD Total Mean 5D Difference SMD 95%-Cl Weight
Alasfour M et al, 2022 18 511 31400 17 -1.28 31000 -1.20 [-1.92;-047] 51%
Allen KD et al. 2018 142 375 10,0800 208 -2.81 9.8800 s -0.08 [0.31; 012] 5.8%
Allen KD et al. 2021 162 -3.70 11.0400 94 1.00 11.1300 = -042 [-0.68;-0.17] 5.8%
Arfaei Chitkar SSetal. 2021 31 -7.32 39200 29 -3.75 5.0500 -‘-| -0.78 [1.31,-0.28) 5.5%
Baker K etal. 2020 52 -0.46 10.5300 52 -0.01 10.6100 -0.04 [-043; 0.34] S57%
Bennell KL etal. 2017 (A) 72 -12.60 10.8600 70 -12.10 10.9900 -0.05 [-0.37: 0.28] 5.7%
Eennell KL et al 2017 (B) 66 -14.40 9.3000 67 -6.80 10.3500 = | 077 [-1.12;-042] S57%
Bennell KL et al, 2020 48 020 16.6800 49 -0.60 20.9000 0.04 [-0.36; 0.44] 5.6%
Bennell KL et al.2022 (A) 172 -10.00 10.1000 67 -2.90 10.25C0 2 | -0.70 [-0.99,-041] 5.8%
Bennell KL et al.2022 (B) 107 -9.30 96000 105 -4.70 10.8000 = -045 [-0.72;-0.18] 5.8%
Gohir SA etal, 2021 48 -7.80 7.0800 57 -4.30 T7.1600 L | -0.49 [-0.88,-0.10] 5.7%
Hinman RS et al. 2020 83 -10.90 10.7500 82 -5.80 12.2600 = -044 [-0.75;-0.13] 57%
Hsu Yl et al. 2021 21 510 40800 21 -576 54600 3 013 [-0.47: 0.74] 54%
Li LC etal. 2020 24 -0.50 13.9700 24 -1.90 16.3800 3 0.09 [-0.48; 0.66) 54%
Nelligan RK et al, 2021 91 -10.10 12,4400 92 -4.30 13.1300 - -045 [-0.75;-0.16] 5.8%
O'Brien KM et al. 2018 37 180129100 51 -1.70 13.87C0 i 024 [-0.18; 0.67) 56%
Odole AC et al. 2013 25 -10.86 10.9000 25 -14.14 13.7900 0.26 [-0.30; 0.82] S4%
Rafig MT et al. 2021 32 -368 09800 32 014 04700 -4.99 [-6.01,-3.98] 4.6%
Random effects model 123 1142 -0.51 [-0.98; -0.05] 100.0%
Heterogeneity: I° = 87%, ¥ = 0.9526, p < 0.01 T T
Test for overall effect: 2 = -2.17 (p = 0.03) £ -4 2 4 6
Favours intervention Favours control

Phvsical Activit Overdll, the evidence was of low certainty and suggested that
Y y the telehealth-based programs might increase physical activity

The result of meta-analysis favored the telehealth-based in a significant and very small way but not in a clinicaly

intervention in promoting physical activity level of the meaningful manner.

population with KOA (n=1570; g=0.13; 95% CI 0.03-0.23; . .

P=.01; forest plot Figure 2B) with negligible heterogeneity Physical Function

(17=0%:; 1°=0; P=.75). The calculated MID for physical activity, ~The meta-analysis supported the telehealth-based intervention

determined by Physical Activity Scalefor the Elderly, was9.0, With aHedges g effect size of —0.51 (n=2373; 95% CI -0.98 to

which was less than the reported MID of 46.0 units [61]. —0.05; P=.03; forest plot Figure 2C) with considerable
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heterogeneity (12=87%; 1°=0.9526; P<.001) for improving
physical function. The reported MID (10.1 units for the
WOMAC physical function subscale) was higher than the
caculated MID of 5.3 [62]. Overall, there was low-certainty
evidence to suggest that telehealth-based programs could
improve the physical function of the population with KOA to
amoderately significant degree, though not reaching aclinically
meaningful.

Secondary Outcomes

Compared to populations in control groups, a larger
improvement was observed in terms of secondary outcomes
within the intervention groups. These included quality of life
(n=1301; g=0.25; 95% CI 0.14-0.37; P<.001; heterogeneity:
1°=5%; 1°=0.0033; P=.39; see “Quality of life” in Multimedia
Appendix 9[24,25,27,29,48-54]), self-efficacy for pain (n=1337;
g=0.73; 95% Cl 0.52-0.94; P<.001; heterogeneity: 1°=4%;
12=0.0056; P=.39; see “Self-efficacy for pain” in Multimedia
Appendix 9), and global improvement (n=1042; oddsratio 2.69,
95% Cl 1.41-5.15; P<.001; heterogeneity: 12=79%; 12=0.3296;
P<.001; see “Global improvement” in Multimedia Appendix
9). However, anonsignificant trend and moderate heterogeneity
were observed for self-efficacy for physical function (n=578;

https://www.jmir.org/2024/1/e54876
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0=0.14; 95% CI —0.26 to 0.53; P=.50; heterogeneity: 1°=52%;
1°=0.0833; P=.10; see “ Self-efficacy for physical function” in
Multimedia Appendix 9).

Meta-Regression and Subgroup Analysis

A meta-regression test was conducted for several relative factors
that might affect the intervention effect and heterogeneity,
including coaching, monitoring, reminders, delivery form,
intervention duration, sample size, quality of study, region of
study, and other factors; details and results are presented in
Multimedia Appendix 10. Notably, the regression results in
type of teletechnology, WHO classification, and active or
inactive control were significant.

Subgroup analyses based on the WHO classification revealed
significant differences in pain (x%,=6.5; P=.04; Figure 3A
[24-32,45,47-54,56,57]) and physical function (x%=6.4; P=.04;
Figure 3B). Specifically, within the subgroup of interventions

for clients and headth care providers, telehealth-based
intervention demonstrated significant effects on both pain

(g=—0.29; 95% CI —0.49 to —0.09; heterogeneity: 1°=63%;
12=0.0646; P<.001) and physical function (g=—0.36; 95% ClI
—0.63 t0 —0.08; heterogeneity: 12=75%; 1>=0.1293; P<.001).
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Figure 3. Subgroup analysis of (A) pain and (B) physical function based on the World Health Organization classification.

A

Telehealth-supported ise prog
Study Total Mean SD Total Mean
Interventions for clients and healthcare providers
Alasfour M et al. 2022 18 -222 18300 17 -0.82
Baker K et al. 2020 52 -0.80 36400 52 -062
Bennell KL et al. 2017 (A) 72 -250 19300 TO -2.00
Bennell KL et al. 2017 (B) 66 -250 19300 67 -1.50
Bennell KL et al. 2022 (A) 172 -260 16800 67 -1.70
Gohir SA et al. 2021 48 -1.80 1.8900 82 -030
Hinman RS et al. 2020 83 -250 18700 82 -1.80
LiLC etal. 2020 24 050 144800 24 080
O'Brien KM et al. 2018 59 -0.30 22400 60 -0.90
Thiengwittayaporn S etal 2021 42 130 7.0100 40 140
Random effects model 636 561

Heterogeneity: I* = 63%, 1 = 0.0646, p <0.01

Interventions for clients

Allen KD et al. 2018 142 -1.12 32500 208 -0.69
Allen KD et al. 2021 163 -1.00 32600 94 040
Arfaei Chitkar §5 et al. 2021 31 -665 45800 20 -335
Bennell KL et al, 2020 48 060 21500 49 020
Bennell KL et al. 2022 (B) 107 -2.00 23000 105 -1.40
Nelligan RK et al. 2021 91 -2.80 19500 92 -1.20
Rafiq MT et al. 2021 32 -275 08700 32 -028
Random effects model 614 609

Heterogeneity: I = 92%, 1 = 09527, p <0.01

Interventions for healthcare providers

Hsu Yl et al. 2021 21 <191 17900 21 -2.15
Odole AC et al. 2013 25 -32.28 16.5600 25 -37.00
Random effects model 46 46
Heterogeneity: I = 0%, 1 =0, p = 0.72

Random effects model 1296 1216
Heterogeneity: I° = 83%, 1° = 0.3498, p <0.01

Test for overall effect: z = -2.70 (p < 0.01)

Test for subgroup differences: v = 6.48,df = 2 (p = 0.04)

Control Standardised Mean
5D Difference SMD 95%-Cl Weight
2.1300 — <069 [-1.38,-0.01] 4.4%
3.6800 a -0.05 [-0.43; 0.34] 54%
2.0200 =+ -0.25 [-0.58; 0.08] 55%
2.1700 - -0.48 [-0.83,-0.14] 55%
1.8400 - -0.52 [-0.81,-0.23] 56%
1.9500 = -0.77 [-1.14;-0.40] 5.4%
1.9500 =+ -0.36 [-0.67;-0.068] 56%
14.7400 - -0.02 [-0.59; 0.55] 4.8%
2.5000 — 0.25 [-0.11; 0.61] 55%
5.9000 N -0.02 [-0.45; 0.42] 53%
= -0.29 [-0.49; -0.09] 53.1%
3.2300 -1 -0.13 [-0.35; 0.08] 5.8%
3.4600 -+ -0.42 [-0.68;-0.16] 57%
1.5800 — -0.94 [-1.47,-0.40] 4.9%
2.3500 ™ 0.18 [-0.22; 0.57] 5.4%
2.4000 1 -0.25 [-0.52, 0.02] 35.7%
2.1000 - -0.79 [-1.09;-0.49] 5.6%
0.7400 —— -3.02 [-3.75,-2.29] 4.3%
= -0.73 [-1.47; 0.01] 37.4%
1.9900 = 0.12 [-0.48; 0.73] 4.7%
16.9900 -T— 0.28 [-0.28; 0.83] 4.9%
™ 0.21 [-0.20; 0.62] 9.6%
< -0.39 [-0.67; -0.11] 100.0%

T T 1711

;3-2-10123;

Favours intervention  Favours control

B
Telehealth-supported exercise programs Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Interventions for clients and healthcare providers
Alasfour M et al. 2022 18 511 31400 17 -1.29 31000 — -1.20 [-1.92,-047] 5.1%
Baker K et al. 2020 52 -0.46 105300 52 -0.01 10.6100 1 -0.04 [-0.43; 0.34] 5.7%
Bennell KL et al. 2017 (A) 72 -1260 108600 70 -12.10 10.9900 T -0.05 [-037; 0.28] 57%
Bennel KL et al. 2017 (B) 66 -14.40 93000 67 -6.80 10.3500 - -0.77 [-1.12,-042] 57%
Bennell KL et al. 2022 (A) 172 -10.00 10,1000 67 -2.90 10.2500 - -0.70 [-0.99;-0.41] 5.8%
Gohir SA et al. 2021 48 -7.80 706800 57 -4.30 7.1600 =+ -0.49 [-0.88,-010] 57%
Hinman RS et al. 2020 83 -10.90 10.7500 82 -5.80 12.2600 + -0.44 [-0.75,-0.13] 57%
Li LC et al, 2020 24 -050 139700 24 -1.90 16.3800 - 0.09 [-048; 066] 54%
O'Brien KM et al. 2018 37 160 129100 51 -1.70 13.8700 - 0.24 [-0.18; 067] 5.6%
Random effects model 572 487 &) -0.36 [-0.63; -0.08] 50.4%
Heterogeneity: I° = 75%, 1 = 0.1293, p < 0.01
Interventions for clients
Allen KD et al. 2018 142 -3.75 100600 208 -2.81 9.8800 1 -0.09 [-031; 012] 58%
Allen KD et al. 2021 162 -3.70 11.0400 94 1.00 11.1300 " -0.42 [-068;-0.17] 5.8%
Arfaei Chitkar S$S etal. 2021 31 -7.32 39200 29 -3.75 5.0500 - -0.78 [-1.31;,-0.26] 55%
Bennel KL et al. 2020 48 020 166900 49 -0.60 20.9000 1 0.04 [-0.36; 0.44] 56%
Bennel KL et al. 2022 (B) 107 -9.30 96000 105 -4.70 10.8000 + -0.45 [-0.72,-0.18] 5.8%
Nelligan RK et al, 2021 91 -10.10 12,4400 92 -4.30 13.1300 + -0.45 [-0.75,-0.16] 5.8%
Rafig MT et al. 2021 32 -368 09600 32 014 04700 —— -4.99 [-6.01;-3.98] 4.6%
Random effects model 613 609 —t -0.98 [-2.21; 0.26] 38.8%
Heterogeneity: I° = 94%, +° = 2.7325, p < 0.01
Interventions for healthcare providers
Hsu Yl et al. 2021 21 -510 40800 21 -576 54600 T 013 [-047; 0.74] 54%
Odole AC et al. 2013 25 -10.86 109000 25 -14.14 13.7900 ™ 026 [-0.30; 0.82] 54%
Random effects model 46 46 =~ 0.20 [-0.21; 0.61] 10.8%
Heterogeneity. I = 0%, 1° = 0, p = 0.77
Random effects model 1231 1142 | | | < . : | -0.51 [-0.98; -0.05] 100.0%

Heterogeneity. I° = 87%, ©° = 0.9526, p < 0.01
Test for overall effect: z = -2.17 {p = 0.03)

Test for subgroup differences: I: =644 df =2 (p = 0.04)

Asfor thetype of digita technologies applied in the programs,
the subgroup differences were significant in physical function

(x24=13.0; P=.01; Figure 4B [24-32,45,47-54,56,57]) but not
inpan (x24=4.8; P=.31; Figure 4A). Significant improvements
were noticed in physical function across mobile app subgroup
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(9=—0.73; 95% Cl —1.10 to —0.36; heterogeneity: 12=34%:
12=0.0349; P=.22), internet subgroup (g=—0.42; 95% CI —-0.80
t0—0.04; heterogeneity: 12=82%; 12=0.0920; P<.001), and mixed
type of intervention (g=—0.28; 95% Cl -0.54 to -0.02;

heterogeneity: 12=68%; 12=0.0839; P<.001).
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Figure 4. Subgroup analysis of (A) pain and (B) physical function based on the type of digital technology.

A
Telehealth-supported exercise programs Control Standardised Mean
Study Total Mean SD Total Mean 3D Difference sSMD 95%-Cl Weight
Mobile app
Aastour M et al. 2022 18 222 1.8300 17 -082 2.1300 — 069 [-1.38,-0.01] 4.4%
Arfaei Chitkar 55 of al. 2021 3665 45800 29 -335 1.5000 - =094 [-1.47,-0.40) 4.9%
Gohir SA et al. 2021 48 -1.80 18900 82 -0.30 1.9500 - <077 [-1.14;-0.40) 54%
Thiengwittayapomn S etal 2021 42 130 7.0100 40 140 59000 T <002 [-045 042] 53%
Random effects model 139 168 - -0.59 [-1.01; 0.16) 20.1%
Heterogenety. I = 6%, < = 01226, p = 0.02
Internet
Adan KD ot al 2018 142 <112 32500 208 069 32300 = 013 [-0.35 0.08) S5&%
Bennell KL et al. 2017 (B) 66 -250 19300 67 -1.50 21700 - -0.48 [-083;-0.14] 55%
Bennel KL ot al. 2022 (B) 107 -200 23000 105 -1.40 2.4000 - 025 [-0.52; 0.02] 57%
Random effects model 35 180 1 -0.25 [-0.43; 0.07) 17.0%
Heterogenety. I = 31%, " = 0.0076, p = 0.23
Mixed type
Alen KD et al. 2021 163 -100 32600 94 040 345600 + 042 (068 -0.16] 57%
Bennell KL et al. 2022 (A) 172 -260 16800 67 -1.70 18400 g -0.52 [-0.81;-0.23] S5&%
Hinman RS et al. 2020 83 <250 18700 82 -1.80 1.9500 - -0.36 [-067,-0.06] S56%
Heu ¥l at al, 2021 21 191 17900 21 -215 19000 - 012 [-048; 073 47%
LiLC el al. 2020 24 050 144800 24 080 14.7400 - 002 [-0.59; 055 48%
Heligan RK et al. 2021 91 280 19500 92 -120 21000 - D79 [-1.09;-049] 56%
O'Brien KM et al. 2018 58 030 22400 60 -0.90 25000 i 025 [-0.11; 061) 55%
Random effects model 613 440 + -0.29 [-0.57; -0.01] 37.6%
Heterogenety. I* = 75%, +* = 0.1027, p < 0.01 i
Telephone
Baker K et al. 2020 52 080 36400 52 -062 36800 005 [-0.43 0.34) 54%
Bennell KL et al. 2017 (A) 72 -250 19300 70 -200 20200 T -0.25 [-0.58, 0.08] 55%
Odala AC et al. 2013 25 <3228 165600 25 -37.00 16,9900 b 028 [-0.28, 083 49%
Random effects model 149 147 g -0.08 [-0.34; 0.18] 15.8%
Heterogenety: I = 24%, © = 00084, p =027 i
SMS i
Bennel KL et al. 2020 48 060 21500 49 020 23500 - 0.18 [0.22; 057) 54%
Rafig MT et al. 2021 32 -275 08T00 32 028 0T400 2 —— i -302 [375-229) 43%
Random effects model 80 81 -1.41 [4.54; 1.73]  9.6%
Heterogenedy I = §8%, 1 = 60216, p < 0.01
Random effects model 1296 1216 -0.39 [-0.67; 0.11] 100.0%
Heterogenety. I' = 83%, «' = 03438, p < 0.01 r ! r !
Test for cveral effect 2 =270 (p < 0.01) 4 2 0 2 4
Test for subgroup diferences: 3 = 476, ¢/ =4 (o = 0.31) -— —F
Favoursintervention  Favours control
B
Telehealth d ise progi Control Standardised Mean
Study Total Mean SD Total Mean 5D Difference SMD 95%-Cl Weight
Mobile app
Aastour M et al. 2022 18 -5.11 31400 17 -1.29 31000 - -1.20 [-1.92,-047] 5.1%
Arfaei Chitkar SSetal 2021 31 -7T.32 39200 29 -375 50500 - 078 [-1.31,-0.26]  55%
Gohir SA et al. 2021 48 T80 T.O800 57 -4.30 TA600 T -0.49 [-0.88 -010] 57%
Random effects model a7 103 - -0.73 [-1.10; -0.36] 16.3%
Heterogenety: I = 34%, < = 00349, p = 0.22 :
Internet
Aden KD etal 2018 142 <375 10,0600 208 -2.81 9.8300 009 [-0.31, 012] 58%
Benned KL of al. 2017 (8) 66 -14.40 93000 67 -6.80 10.3500 OFT [-1.12,-042] 57%
Bennel KL ef al. 2022 (B) 107 -9.30 96000 105 -4.70 10.8000 H 045 [0.72,-0.18] 5.8%
Random effects model 35 380 - -0.42 [-0.80; -0.04] 17.3%
Heterogenety. I = 82%, 1 = 0.0920, p < 0.01
Mixed type [
Adan KD et al. 2021 162 -3.70 11.0400 94 1.00 11.1300 b -0.42 [-068 -017] 5.8%
Bennel KL el al. 2022 (A) 172 -10.00 101000 67 -2.90 10.2500 = 070 [0.99 -0.41] 58%
Hinman RS et al. 2020 83 -10.90 10.7500 82 -5.80 12,2600 bel -0.44 [0.75,-0.13] 57%
Heu Yl et al 2021 21 510 40800 21 576 54600 H- 013 [0.47; 0.74] 54%
LiLC et al. 2020 24 <050 139700 24 -1.90 163800 he 0.09 [-048; 066 54%
Neligan RK et al. 2021 91 <1010 12.4400 92 -4.30 131300 + -0.45 [0.75, -0.16] 5.8%
O'Brien KM el al. 2018 37T 160 129100 51 -1.70 13.8700 i 0.24 [-0.18, 0BT] 56%
Random effects model 590 a3 o -0.28 [0.54; -0.02] 39.4%
Heterogensty F = 68%, < = 0.0835, p < 001
Telephone
Baker K ol al. 2020 52 -0.46 105300 52 -0.01 10.6100 004 [-0.43; 0.34] 57%
Bennel KL af al. 2017 (A) 72 -12.60 10,8600 70 -12 10 10.9900 005 [-0.37; 0.28] 57%
Odaola AC et al. 2013 25 -10.86 10.9000 25 -14.14 13.7900 I 0.26 [-0.30; 0.82] 54%
Random effects model 149 147 0.01 [-0.22; 0.23] 16.8%
Heterogentty: = 0%, © =0, p = 062 :
Ms i
Bennel KL et al. 2020 48 0.20 166900 49 -0.60 20.9000 T 0.04 [-0.36; 0.44] 56%
Rafig MT et al. 2021 32 -368 09800 32 044 04700 — -4.99 [6.01,-3.98) 48%
Random effects model 20 81 ——— -2.45 [-7.39; 2.48] 10.2%
Heterogenety: I = 99%, ©° = 125186, p < 0.01 5
Random effects model 123 1142 = y -0.51 [-0.98; -0.05] 100.0%

Heterogeneity. I’ = 87%, < = 0.9526, p < 0.01
Test for overall effect z = -2.17 (p = 0.03)
Test for subgroup differences: 7 = 1296, ¢ = 4 (p = 0.01)

The forms of intervention in the control groups were divided
into active controls (ie, exercise, physica therapy,
pharmacotherapy, and self-management) or inactive controls
(ie, education, usual care, and waitlist), which led to subgroup

differences  (pain: )(21:5.3; P=.02; Figure 5A
[24-32,45,47-54,56,57] and physical function: x,=3.4; P=.07;
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Figure 5B). Compared with inactive control groups, statistically
significant pain reduction (g=—0.63; 95% Cl —1.08 to —0.18;
heterogeneity: 12=87%; 12=0.5370; P<.001) and function
improvement (g=—0.79; 95% CI —1.54 to —0.03; heterogeneity:
12=90%; 12=0.9526; P<.001) were found in the intervention
groups, while the differences between active controlled groups
and intervention groups were not significant.
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Figure5. Subgroup analysis of (A) pain and (B) physical function based on the control group.

Xiang et a

A
Telehealth-supported exercise programs Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Active control
Alasfour M et al. 2022 18 -2.22 18300 17 -0.82 2.1300 — -0.69 [-1.38;-0.01] 4.4%
Allen KD et al. 2018 142 -1.12 32500 208 -0.69 3.2300 n -0.13 [-0.35; 0.08] 5.8%
Baker K et al. 2020 52 -0.80 36400 52 -062 3.6800 a8 -0.05 [-0.43; 0.34] 54%
Bennell KL et al. 2017 (A) 72 -250 19300 70 -2.00 2.0200 1 -0.25 [-0.58; 0.08] 5.5%
Bennell KL et al. 2020 48 060 21500 49 020 23500 T 0.18 [-0.22, 0.57] 5.4%
Hsu Y1 et al. 2021 21 191 1.7900 21 -215 19900 = 0.12 [-0.48; 0.73] 4.7%
Odole AC et al. 2013 25 -32.28 16.5600 25 -37.00 16.9900 T 0.28 [-0.28, 0.83] 4.9%
Thiengwittayaporn S etal. 2021 42 130 7.0100 40 1.40 5.9000 = -0.02 [-0.45; 0.42] 5.3%
Random effects model 420 482 4 -0.08 [-0.21; 0.05] 41.3%
Heterogeneity: I* = 13%, <° = < 0,0001, p = 0.33
Inactive control
Allen KD et al. 2021 163 -1.00 3.2600 94 040 3.4600 -+ -0.42 [-0.68;-0.16] 5.7%
Arfaei Chitkar SS et al. 2021 31 -665 45800 29 -3.35 1.5900 — -0.94 [-1.47;-0.40] 4.9%
Bennell KL et al. 2017 (B) 66 -2.50 1.9300 67 -1.50 21700 - -0.48 [-0.83;-0.14] 5.5%
Bennell KL et al. 2022 (A) 172 -2.60 16800 67 -1.70 1.8400 - -0.52 [-0.81,-0.23] 5.6%
Bennell KL et al. 2022 (B) 107 -2.00 23000 105 -1.40 2.4000 - -0.25 [-0.52; 0.02] 5.7%
Gohir SA et al. 2021 48 -1.80 1.8900 82 -0.30 1.9500 = -0.77 [-1.14;-0.40] 5.4%
Hinman RS et al. 2020 83 -250 18700 82 -1.80 1.9500 -+ -0.36 [-0.67;-0.06] 5.6%
Li LC et al. 2020 24 0.50 144800 24 0.80 14.7400 s -0.02 [-0.59; 0.55] 4.8%
Nelligan RK et al. 2021 91 -2.80 1.9500 92 -1.20 2.1000 - -0.79 [-1.09;-0.49] 56%
O'Brien KM et al. 2018 59 -0.30 22400 60 -0.90 2.5000 [ 0.25 [-0.11;, 061] 55%
Rafig MT et al. 2021 32 -275 08700 32 -028 07400 —— -3.02 [-3.75;-2.29] 4.3%
Random effects model 876 734 - -0.63 [-1.08; -0.18] 58.7%
Heterogeneity: P =87%, 1° = 05370, p < 0.01
Random effects model 1296 1216 < -0.39 [-0.67; -0.11] 100.0%
Heterogeneity: P =83%, 1° = 03498, p < 0.01 f 1
Test for overall effect: z = -2.70 (p < 0.01) 3 -2 10 1 2 3
Test for subgroup differences: x: =529 df=1(p=002) - .
Favours intervention  Favours control
B
Telehealth-supported exercise programs Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Active control
Alasfour M et al. 2022 18 -511 31400 17 -1.29 3.1000 — -1.20 [-1.92; -0.47] 5.1%
Allen KD et al. 2018 142 -3.75 10.0600 208 -2.81 9.8800 b -0.09 [-0.31, 0.12] 58%
Baker K et al. 2020 52 -0.46 105300 52 -0.01 10.6100 1 -0.04 [-0.43, 0.34] 57%
Bennell KL et al. 2017 (A) 72 -12.60 10.8600 70 -12.10 10.9900 2l -0.05 [-0.37, 0.28] 57%
Bennell KL et al. 2020 48 0.20 16.6900 49 -0.60 209000 T 0.04 [-0.36, 0.44] 56%
Hsu Yl et al. 2021 21 -510 4.0800 21 -576 5.4600 T 0.13 [-0.47, 0.74] 5.4%
Odole AC et al, 2013 25 -10.86 10,9000 25 -14.14 13.7900 ™ 0.26 [-0.30; 0.82] 5.4%
Random effects model 378 442 -0.07 [-0.21; 0.07] 38.8%
Heterogeneity: I° = 47%, ©* = <0.0001, p = 0.08
Inactive control
Allen KD et al. 2021 162 -3.70 11.0400 94 1.00 11.1300 + -0.42 [-0.68;-0.17] 5.8%
Arfaei Chitkar SS etal. 2021 31 -7.32 39200 29 -375 50500 - -0.78 [-1.31;,-026] 55%
Bennell KL et al. 2017 (B) 66 -14.40 9.3000 67 -6.80 10.3500 - -0.77 [-1.12;-042] 57%
Bennell KL et al. 2022 (A) 172 -10.00 10.1000 67 -2.90 10.2500 b -0.70 [-0.99;-0.41] 58%
Bennell KL et al. 2022 (B) 107 -9.30 96000 105 -4.70 10.8000 - -0.45 [-0.72;-0.18] 5.8%
Gohir SA et al. 2021 48 -7.80 7.0800 57 -4.30 7.1600 —+ -0.49 [-0.88;-0.10] 5.7%
Hinman RS et al. 2020 83 -10.90 10.7500 82 -5.80 12.2600 + -0.44 [-0.75;-0.13] 5.7%
Li LC et al. 2020 24 -0.50 13.9700 24 -1.90 16.3800 - 0.09 [-0.48, 066] 54%
Nelligan RK et al. 2021 91 -10.10 12,4400 92 -4.30 13.1300 + -0.45 [-0.75;-0.16] 5.8%
O'Brien KM et al. 2018 37 160129100 51 -1.70 13.8700 1™~ 0.24 [-0.18; 0.67] 56%
Rafig MT et al. 2021 32 -368 09600 32 014 04700 — -4.99 [-6.01;,-398] 46%
Random effects model 853 700 = -0.79 [-1.54; -0.03] 61.2%
Heterogeneity: I° = 90%, 1> = 1.5681, p < 0.01
Random effects model 1231 1142 | . | < : . -0.51 [-0.98; -0.05] 100.0%

Heterogenety: I° = 87%, 1° = 0.9526, p < 0.01 '
Test for overall effect: z = -2.17 (p = 0.03) 6 -4 -2 0 2 4 6
Test for subgroup differences: xf =337, df=1(p=0.07) <4 I

Favours intervention

Favours control

Sensitivity Analysis

In the fixed-effect model result, a significant difference with a
small effect sizefavoring tel eheal th-based intervention for pain
relief was observed (see “Fix-effects model of pain” in
Multimedia Appendix 12 [24,26-32,45,47-54,56,57]). After
removing the outlier study [28], the pain relief effect size
remained small (g=—0.28; 95% ClI -0.44 to -0.11; see
“Leave-one-out” analysisof pain” in Multimedia Appendix 12)

with reduced heterogeneity (1°=69%; 1°=0.2849; P<.001).

Outliersand Influence Analysis

Multimedia Appendix 11 [24-32,45,47-54,56,57] demonstrates
the Baujat plot and influence analyses. The study from Rafiq
et al [28] inthe pain category wasidentified asapossible outlier.
Meanwhile, studies of Bennell et al [24], Rafiq et al [28], and
Allen et a [45] were considered as outliersfor physical function.
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Furthermore, even after excluding studies with an overall high
risk of bias and the outlier, the effect size for pain relief
remained small (g=-0.29; 95% CI -0.47 to -0.11; see
“Sendgitivity analysis omitted studies with high risk of bias and
outliersof pain” in Multimedia Appendix 12) and was presented
with heterogeneity (12=71%; 1°=0.0846; P<.001), indicating
the robustness of the finding.

For physical function, the positive effect of the tel ehealth-based
intervention was supported by the result of meta-analysisusing
the fixed-effect model (see “Fix-effects model of physica
function” in Multimedia Appendix 12). Subsequent
“leave-one-out” analyses confirmed the overall significant effect
sizefor physical function improvement, which remained small
(g=0.30; 95% Cl -0.47 t0-0.13; see“ L eave-one-out” analyses
of physical function” in Multimedia Appendix 12), with reduced
heterogeneity (12=69%; 12=0.2895; P<.001) upon removal of
outliers[24,28,45]. Even after removing studieswith an overall
high risk of biasand outliers, the effect sizefor physical function
improvement remained small (g=0.29; 95% Cl —-0.46t0o—-0.11,
see “ Sensitivity analysis omitted studies with high risk of bias
and outliers of physical function” in Multimedia Appendix 12)
and heterogeneity (12=62%; 1>=0.0613; P<.001).

Publication Bias

Visual analysis of funnel plots for physical activity did not
reveal publication bias. However, asymmetry was noted in
studies reporting pain relief and improvement in physical
function (Multimedia Appendix 13 [24,26-32,45,47-54,56,57]).
Notably, studies pertaining to pain relief and physical function
tended to have smaller SEs corresponding with larger sample
sizes. More included studies tended to have greater SMD. The
study with a small sample size from Rafiq et a [28] might
contribute to this asymmetry. However, quantitative tests were
unable to identify publication bias for pain relief or physical
function. Specifically, neither the Egger regression test nor the
Begg rank correlation test found evidence of publication bias
(Table 1). No studies were trimmed or imputed in analyzing
pain relief and improvement in physical function.

Discussion

Key Results

We discovered low-certainty evidence suggesting that
telehealth-supported programs for popul ation with KOA might
have a small benefit on pain, a minima positive impact on
physical activity, and a moderate benefit on physical function,
even though the changes in these primary outcomes were not
clinicaly meaningful. Furthermore, this review reveaed
moderate-certainty evidence that telehealth-supported exercise
or physical activity programs could lead to a statistically
significant improvement in quality of life and self-efficacy for
pain, with low-certainty evidence that telehealth-supported
interventions enhanced global improvement. Low-certainty
evidence, however, demonstrated that telehealth-supported
programs had little impact on improving self-efficacy for
physica function. In studiesinvolving interventionsfor patients
and health care providers, better results were observed in the
group using telehealth-supported exercise or physical activity

https://www.jmir.org/2024/1/e54876
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programs. Moreover, greater effects of the telehealth-supported
exercise or physical activity programs were observed when
these programs were delivered via mobile apps, the internet, or
a combination of both. These effects were particularly notable
in studies where the control group received inactive
interventions. These findings suggested a definite role of
telehealth-supported exercise or physical activity programsin
the management of KOA.

Multiple factors influenced the efficacy of telehealth-based
interventions, leading to high heterogeneity. We performed
influence and subgroup analysis to identify the source of
heterogeneity, identifying Rafiq et al [28] as a significant
contributor, where notable improvements were observed in
outcome measurement in the intervention group. It is possible
that extra improvements observed in the study resulted from
clients being reminded to complete their exercise sessions[28].
Reminders, monitoring, and coaching are considered important
components of tel ehealth-supported programs[63], our analysis
found no significant differences in subgroups according to the
presence of these elements. Counseling or coaching could be
beneficial for health information communication and helping
people to make decisions [64]. While in-person contact with
cliniciansis often viewed as essential for providing accessible
expertise, it may be controversia to use virtual contact skills
between remote clients and health care providers, such as
consultations or coaching [65], targeted client alerts and
reminders [66], and remote client monitoring [67]. To better
understand the clinical significance of telehealth-supported
exercise or physical activity programs and standardize those
formats and components, further studies with rigorous designs
should investigate the impact of remote consultations, coaching,
reminders, and monitoring.

Our study identified that targeted primary users, digital
technology, and comparators were more important than
intervention components. Sincethe WHO classification (version
1.0) [33] is a useful and effective tool for identifying the
particulars of telemedicine, we used it to categorize
telehealth-based programs. Our findings underscore the
importance of patient and health care provider communication
inimproving pain and physical function outcomes. Additionally,
control interventions could potentially be a source of
heterogeneity. Patients engaging in telehealth-supported exercise
or physical activity programs demonstrated superior outcomes
compared to inactive controls and achieved comparable
outcomesin pain reduction and physical function improvement
to active controls. Consequently, patients might be motivated
by the significant advantages of telehealth results that are
obtained at a reasonable cost and with ease, especiadly in
circumstances where medical resources may be limited [68].

Comparison With Other Studies

Several reviews have focused on digital health technologiesin
KOA, each offering unique insights. A narrative review [69]
encompassing 91 studiesfound that digital health interventions
were efficacious in enhancing patient education, promoting
physical activity, and facilitating exercise interventions for
patients with KOA. Similarly, another scoping review [70]
concluded that digital heath programs were comparably
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beneficial to traditional therapy in ameliorating pain, enhancing
physical function, and improving quality of life outcomes.
However, these reviews did not provide quantified outcomes.

Prior systematic reviews and meta-analyses have synthesized
the treatment effect of telehealth-based exercise or physical
activity programs. Xiang et a [20] analyzed that 6 RCTs
incorporated 8 different tel erehabilitation strategies. Yang et al
[71] and Chen et al [22] included 9 studies on tel eheal th-based
exercise interventions (as of June 2021) and 12 RCTs on
technology-supported exercise programs (as of August 2020),
respectively. In total, 11 RCTs about telehealth-supported
programs were reviewed to analyze the effect on pain by
McHugh et a [19]. In our previous work, which involved 4
studies, we reported a positive impact of internet-based
rehabilitation programs on pain of patients with KOA but not
on physical function [21]; the meta-analysis by Xiang et a [20]
supported this conclusion. However, in this study, we found
that both pain and physical function were positively affected
by digital exerciseor physical activity programs. Thedifferences
in conclusions between our previousand current meta-analyses
may stem from the increased number of included studies and
the diversity of telehealth-supported programs. Moreover, in
contrast to the preceding 2 meta-analytical studies[22,71], our
research yielded positive results concerning physical function
and quality of life. The subgroup analysison digital technology
in this review aligned with the findings from Yang et al [71],
suggesting that programs delivered via websites or telephones
might yield superior outcomes. The review conducted by
McHugh et a [19] specifically focused on the pain symptom
and described the distinction between inactive and active
comparators without incorporating quantitative analysis. In
contrast, this study provided acomprehensive subgroup analysis
and demonstrated that the intervention group exhibited superior
outcomes in terms of pain and physical functions when
compared to the inactive comparator.

In addition to pain and physical function, this study also
explored how telehealth exercise or physical activity programs
affect the physical activity level of patients with KOA, atopic
not extensively discussed in the previous meta-analysis. By
focusing specifically on digital exercise or physical activity
programs for KOA and their therapeutic effect on physical
activity performance, this study expanded upon prior knowledge
by including updated evidence and providing a comprehensive
summary regarding the effectiveness of telehealth-based exercise
or physica activity programs. It was notable that
telehealth-based exercise or physical activity interventions led
to a dlight but significant improvement in physical activity.
Furthermore, we used the MIDs to evaluate the variation of
pain, physical activity, and physical function rather than solely
focusing on statistical significance. Thisapproach holds greater
significance in the context of clinical reasoning.

Strengths and Limitations

Thisstudy has several key strengths. First, thisreview included
telehealth-supported exercise or physical activity programs
delivered through a wide variety of platforms, from SMS text
messages and voice calls to internet-based applications or
websites, providing a comprehensive understanding of the
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benefits of these programs. Second, the WHO classification of
digital health interventions wasintroduced to label and describe
the functions of each program, leading to new insight into
subgroup analysis. Additionally, the study’s systematic review
focused on the effect of tel ehealth-supported exercise or physical
activity programs on physical activity and physical function
with self-efficacy, resulting in new evidence and identifying
crucial factors for future research, which could facilitate the
development of more effective tel eheal th-supported exercise or
physical activity programs. Nevertheless, this study has some
limitations. First, included RCTs were heterogeneous due to
the highly variable designs of telehealth programs. The high
level of heterogeneity observed may have resulted from the
difficulty in applying thorough blinding techniques in RCTs
for telehealth. Nonetheless, by using multiple bias analysis, it
was possible to partially identify the source of heterogeneity;
consequently, the conclusion can be deemed strong and
conclusve.  Second, the long-term  benefits  of
telehealth-supported exercise or physical activity programs
remained unknown due to the limited number of studies that
completed long-term assessments beyond 3 months.

Future Research

Despite the established advantages of telehealth-supported
exercise or physical activity programs, there are till obstacles
to their widespread implementation as a first-line therapy for
KOA, including the variation in technol ogies and management
models. The WHO classification of digital health interventions
aligns with the current intervention model and potential trend
of digital technologies, which includes the nascent Internet of
Thingstechnologies, such asrobotic-assisted training, wearable
activity tracking, or visualized physical therapy [72]. Numerous
recent experiments have used mobile apps and the internet,
reflecting the growing trend toward using personal devices as
telemedicine channels, in response to current interaction and
technological advancements. Wearable devices, such as
smartwatches or suits, are experiencing significant adoption, as
they represent an innovative means of expanding health care
services to everyday life situations. The rapid development of
this technology, particularly direct-to-consumer wearable
tracking technologies [ 73], holds promise for increasing patient
acceptance and standardizing the application of remote
technologies. There is a growing interest in various aspects
related to remote technologies, such as the efficiency of
transmitting information, the quality and consistency of
interaction, and the cost or payment of new technologies [74].
These concerns may significantly facilitate the proliferation of
telehealth-supported programs.

Conclusions

Low-certainty evidence from this systematic review suggested
that patientswith KOA might benefit from tel eheal th-supported
exercise or physical activity programsin terms of reduced pain
intensity, increased physical activity, and improved physical
function, although the improvement may not be clinically
meaningful.  Additionally, moderate-certainty evidence
suggested that telehealth-supported programs targeting KOA
led to improvementsin quality of life and self-efficacy for pain.
The general health condition of the population with KOA was
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improved by the telehealth-supported programs, though the
level of certainty was low. However, this form of intervention
was not effective in improving patients self-efficacy for
physical function. Future research should consider the

Xiang et a

duration to examine the long-term effect. Most significantly,
further  research  should  standardize norms  of
telehealth-supported exercise or physical activity programs to
improve evidence for clinical practice.

application of wearabl e technol ogies and expand theintervention
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