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Abstract

Background: Musculoskeletal disorders (MSDs) are widespread in many countries and their huge burden on the society has
necessitated innovative approaches such as digital health interventions. However, no study has evaluated the findings of
cost-effectiveness of these interventions.

Objective: This study aimsto synthesize the cost-effectiveness of digital health interventions for people with MSDs.

Methods: Electronic databases including MEDLINE, AMED, CIHAHL, PsycINFO, Scopus, Web of Science, and Centre for
Review and Dissemination were searched for cost-effectiveness of digital health published between inception and June 2022
following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. References of all
retrieved articles were checked for relevant studies. Quality appraisal of the included studies was performed using the Quality of
Health Economic Studies (QHES) instrument. Resultswere presented using anarrative synthesis and random effects meta-analysis.

Results: A total of 10 studies from 6 countries met the inclusion criteria. Using the QHES instrument, we found that the mean
score of the overall quality of the included studies was 82.5. Included studies were on nonspecific chronic low back pain (n=4),
chronic pain (n=2), knee and hip osteoarthritis (n=3), and fibromyal gia (n=1). The economic perspectives adopted in theincluded
studies were societal (n=4), societal and health care (n=3), and health care (n=3). Of the 10 included studies, 5 (50%) used
quality-adjusted life-years as the outcome measures. Except 1 study, al theincluded studiesreported that digital health interventions
were cost-effective compared with the control group. In a random effects meta-analysis (n=2), the pooled disability and
quality-adjusted life-yearswere—0.176 (95% Cl —0.317 to —0.035; P=.01) and 3.855 (95% CIl 2.023 t0 5.687; P<.001), respectively.
The meta-analysis (n=2) for the costs was in favor of the digital health intervention compared with control: US $417.52 (95%
Cl -522.01 to —313.03).

Conclusions: Studies indicate that digital health interventions are cost-effective for people with MSDs. Our findings suggest
that digital health intervention could help improve access to treatment for patients with MSDs and asaresult improve their health
outcomes. Clinicians and policy makers should consider the use of these interventions for patients with MSDs.

Trial Registration: PROSPERO CRD42021253221; https./iww:.crd.york.ac.uk/prospero/display_record.php?Recordl D=253221

(J Med Internet Res 2023;25:e41113) doi: 10.2196/41113
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Introduction

Fatoyeet a

Methods

Musculoskeletal disorders (MSDs), which comprise a wide
range of inflammatory and degenerative conditions affecting
the muscles, ligaments, joints, tendons, peripheral nerves, and
supporting blood vessels, are widespread in many countries[1].
The burden of MSDs is substantial and increasing globally,
particularly in the most economically deprived countries [2].
According to The Global Burden of Disease Study 2017 [3],
the point prevalence and associated death rates of MSDs were
4151.1 and 1.0 per 100,000 popul ation, respectively. According
to Safiri et a [3], the prevalence estimate of M SDs was higher
among females and increased with age; further, MSDs led to
about 30.8 million disability-adjusted life-years worldwide,
whichisanincrease of 3.4% from 1990to 2017. Low back pain
(LBP) is the main contributor to the overall burden of MSDs,
but other contributors are rheumatoid arthritis (14 million),
amputations (175 million), neck pain (222 million), osteoarthritis
(343 million), and fractures (436 million) [4]. The cost of
managing MSDs in the United States was estimated to be US
$213 billion in direct and indirect costs, that is, 1.4% of the US
gross domestic product, in 2011 [5]. It also cost the United
Kingdom economy £10.2 billion (US $12.62 billion) in direct
costs to the National Health System in 2017 [6].

In response to the growing burden of MSDs, the World Health
Organization launched “the Rehabilitation 2030 Initiative” in
2017 [7]. This initiative draws attention to the importance of
strengthening health system to provide rehabilitation, which is
defined asa set of intervention designed to optimize functioning
and reduce disability in individuals with health conditions in
interaction with their environment. One of the innovative
approaches to deliver rehabilitation to patients with MSDs is
through the use of digital technologies. Digital health
interventions may help overcome barriers to both delivering
health care and care for chronic conditions [8]. Digital health
interventions may include any intervention accessed through a
computer, a smartphone, or any other hand-held device. Thus,
digital health interventions have the advantage of being user
flexible, where patients could receive care remotely without
having to travel [9].

Compared with traditional models of care, digital health
interventions are reported to have added benefits in providing
evidence-based first-line care, low cost, and scalable patient
education delivered via apps or web platform across a wide
range of conditions[10,11]. Digital health intervention hasalso
demonstrated its clinical benefit in the management of patients
with MSDs [12]. To identify the most effective intervention
with the least expenses, it is necessary to compare the costs and
effectiveness of variousdigital health interventions. Apparently,
there are no reviews that appraise individual studies and
summarize results of the cost-effectiveness of digital health
interventions on patientswith MSDs. Therefore, this study was
aimed to analyze evidence to identify whether digital health
interventions are a cost-effective option for patientswith MSDs.

https://www.jmir.org/2023/1/e41113

Search Protocol and Registration

In this study, we used the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guideline
(Multimedia Appendix 1), an evidence-based approach
developed by Liberati in 2009 [13]. The systematic review
protocol was aso registered on  PROSPERO
(CRD42021253221).

Search Strategy

We performed a systematic search of the following electronic
databases to identify studies evaluating the cost-effectiveness
of digital health interventions: MEDLINE, AMED, CIHAHL,
PsycINFO, Scopus, Web of Science, and Centre for Review
and Dissemination. The search was conducted from inception
to June 2022. Theincluded search termsarelisted in Multimedia
Appendix 2. Further, a manual search of reference sections of
theincluded studieswas performed to identify additional studies.
The search was delimited to articles published in English.

Inclusion and Exclusion Criteria

The inclusion criteria were economic evaluations
(cost-effectiveness,  cost-utility, cost-consequence, and
cost-benefit analysis) performed in an adult population (aged
>18 years) with muscul oskeletal conditions; any form of digital
health intervention delivered through an app or internet, with
the comparators being no intervention, standard care, or any
other nondigital forms of health interventions, was considered.
We defined digital health interventionsto include targeted client
communication; personal hedth tracking; and on-demand
information services delivered by apps, web-based software, or
websites. Theincremental cost-utility ratio (ICUR; ie, cost per
quality-adjusted lifeeyear [QALY]) and incremental
cost-effectiveness ratio (ICER; ie, clinicaly relevant outcome
such as pain intensity, disability, global perceived
effect/recovery) were outcomes of the studies. The exclusion
criteria were nonmuscul oskeletal pathology, nondigital health
interventions, study protocols, case studies/discussion papers,
pilot studies, conference abstracts, and studies where the ICER
was not calculated.

Study Selection and Assessment of Methodological
Quality

Following the removal of duplicates, titles and abstracts were
screened by 2 reviewers (TG and FF) independently to identify
eligible studies. The full texts of the identified studies were
checked against theinclusion and exclusion criteria. The quality
of the included studies was assessed and graded using the
Quality of Health Economic Studies (QHES) instrument [14].
The QHES instrument consists of 16 itemswith scores ranging
from1to 9, and thetotal score of the instrument is 100. During
the assessment process, if the included study satisfied the
criterion of an item, the study received an item-specific score;
otherwiseit received ascore of 0. Each question hasaweighted
point value ranging from 1 to 9, which is used to generate a
summary scorefrom Oto 100. Asno standardized interpretation
of the QHES exists, we adopted the score of 75-90 as good
quality and a score of 90 and above as excellent quality, as
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applied by Tran and colleagues [15]. Two reviewers (TG and
FF) participated in the study selection and methodological
quality assessment. Any disagreement was resolved by
discussion and consensus with the third reviewer (CM).

Data Extraction

Thefollowing datawere extracted by 2 reviewers (TG and FF):
general information (author, year, and country), characteristics
of participants (age, sample size, and disease type), description
of intervention (duration of follow-up, intervention modalities
[intensity and frequency], and comparator), economic evaluation
(perspective, currency, types, cost/willingness to pay [WTF],
and reference year), and study results (including clinical
outcomes, costs, differencesin clinical and costs outcomes, and
ICER/ICUR). A summary tablewas used to display the extracted
data. Disagreements were addressed through consultation with
the third reviewer (CM).

Data Analysis

The descriptive characteristics, quality of the included studies,
and ICER/ICUR were descriptively analyzed. The quantitative
results were carefully assessed for their suitability for
meta-analysis. Theincluded studieswere grouped according to
the disease type, time of follow-up, and clinical outcome
measures. The mean costs and effects differences were then
combined in a meta-analysis. A random effects meta-analysis
model was used to pool the results from the individual studies.
Because of the statistical evidence of heterogeneity across the
included studies, arandom effects model was chosen [16]. The

assessment of heterogeneity was based on the 12 statistic. If

Fatoyeet a

substantial heterogeneity was present (ie, 12>50%), we tried to
find an explanation for this heterogeneity.

All costs were converted to US dollars using purchasing power
parities [17]. We adjusted the cost data to the reference year
(2021) using the consumer price index from the World Bank
website [18]. The intervention was considered cost-effective
and not cost-effective when it was more effective and less costly
and less effective and more costly compared with acomparator
treatment, respectively [19].

Ethical Approval
For this study ethical approval is not required.

Informed Consent

The patient’s written informed consent was not made, as this
was a systematic review study.

Results

Study Selection

Weidentified 1386 recordsin Scopus (n=1076); Web of Science
(n=235); Centrefor Review and Dissemination/NHS Economic
Evaluation Database (n=13); and MEDLINE, AMED, CINAHL,
PsycINFO (n=62; Figure 1). Of these records, 343 were
duplicates. Following screening by titles and abstracts, 986
studies were excluded, leaving 57 articles for full-text review.
After reading the full text of these articles, only 10 met the
inclusion criteria and were eligible for this systematic review
and meta-analysis.

Figure 1. Flow diagram of publications included and excluded in the review.

(n=1,386)

Records identified through database searching

(n=1,043)

Records after duplicates removed

Records excluded after screening

by title & abstract
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Quality of the Included Studies

Theaverage QHES scorefor theincluded studieswas 82.5. The
detailed results of the quality assessment are shownin Table 1.

https://www.jmir.org/2023/1/e41113

RenderX

Most of the included studies were conducted reasonably with
good quality. However, many studies have failed to deal with
subgroup analysis, discussion of potential bias, and use of best
available sources.
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Table 1. Quality assessment for the included studies.

Items Suman Dear  Zach- Fatoye Pegani- Williams Hedman- O'Brien Weinberg- de Boer
etal eta wigjaet eta nietal eta Lagerlof eta eretal eta
[20] [21] a[22] [23] [24] [25] etal [26] [27] [28] [29]

Was the study objective presented inaclear, 12 1 1 1 1 1 1 1 1 1

specific, and measurable manner?

Werethe perspectives of theanalysis (eg, soci- g gb 1 o 1 1 1 1 1 1 0

etal, third-party payer) and reasonsfor itsselec-

tion stated?

Were variable estimates used in the analysis 1 1 0 1 1 1 1 1 1 1

from the best available source (ie, randomized
control trial—best, expert opinion—worst)?

If estimates came from a subgroup analysis, 0 0 1 0 0 0 0 0 0 0
were the groups prespecified at the beginning
of the study?

Was uncertainty handled by (1) statistical 1 1 0 0 1 1 1 1 0 0
analysis to address random events and (2)

sensitivity analysisto cover arange of assump-

tions?

Was an incremental analysis performed be- 1 1 1 1 1 1 1 1 1 1
tween alternatives for resources and costs?

Was the methodology for data abstraction (in- 1 1 1 1 1 1 1 Y 1 1
cluding the value of health states and other
benefits) stated?

Did the analytic horizon alow timefor al rel- 1 1 1 1 1 1 1 1 1 1
evant and important outcomes? Were benefits

and costs that went beyond 1 year discounted

(3%-5%) and justification given for the dis-

count rate?

Wasthe measurement of costsappropriateand 1 1 1 1 1 1 1 1 1 1
the methodology for the estimation of quanti-
ties and unit costs clearly described?

Was the primary outcome measure(s) for the 0 0 0 0 0 0 0 0 1 1
economic evaluation clearly stated and wasthe

major short-term justification given for the

messures/scal es used?

Were the health outcomes measures/scales 1 1 1 1 1 1 1 1 1 1
valid and reliable? If previously tested valid

and reliable measures were not available, was

justification given for the measures/scales

used?

Were the economic model (including struc- 1 1 0 1 1 1 1 1 0 1
ture), study methods and analysis, and the

components of the numerator and denominator

displayed in a clear and transparent manner?

Were the choice of economic model, mainas- 1 0.5 0.5 0.5 0.5 1 1 1 0.5 1
sumptions, and limitations of the study stated

and justified?

Did the author(s) explicitly discussdirection 1 1 1 0 0 1 1 1 0 1

and magnitude of potential biases?

Were the conclusions/recommendations of the 1 1 1 1 1 1 1 1 1 1
study justified and based on the study results?

Was there a statement disclosing the sourceof 1 1 0 1 1 1 1 1 0 1
funding for the study?

¥ =yes.
bO.5=ye£/no.
o=no.
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Characteristics of Included Studies

A tota of 10 studies from 6 countries that met the inclusion
criteria were included in this study (The Netherlands, n=2;
Australia, n=3; Sweden, n=2; Nigeria, n=1; Germany, n=1; and
United States of America, n=1; Table 2). These studies were
published between 1993 and 2021. The sample size used to
estimate the cost-effectiveness of digital health intervention in
theincluded studiesranged from 47 to 779. Theincluded studies

https://www.jmir.org/2023/1/e41113

Fatoyeet a

were on LBP (n=4), chronic pain (n=3), and knee and hip
osteoarthritis (n=3). The economic perspectives adopted in the
included studies were societal (n=4), societal and health care
(n=3), and hedlth care (n=3); 5 of theincluded studies performed
cost-effectiveness analysis, 2 studies performed cost-utility
analysis, and the remaining performed both cost-effectiveness
and cost-utility analysis. The time horizon of these studies
ranged from 8 weeksto 1 year.

JMed Internet Res 2023 | vol. 25 | e41113 | p. 5
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Table 2. Characteristics of the included studies.

Fatoyeet a

Author, Samplesize Meanage Follow- Methods Intervention modalities Comparator ~ Perspec-  Referencecosts Interven-
country (years) up tives tion out-
comes
Suman 779 (Niperven-  INterven- 3 RCTIouaP Accessto amultifaceted  Digital patient  Societal  Intervention Willing-
eta tion=331and tion months eHealth strategy: informa-  information group=€8444  nessto pay
[20], Noortro=448) group=55.7 tive website, digital |etter; no ac- (US$10,000);  perquality-
The (SD 13.9); monthly newsletters, and  cessto the control adjusted
Nether- control social media platforms website, mate- group=€8979  life-year
lands group=56.6 rias, or social (Us
(SD 14.6) media plat- $10,632.52)
forms
Dearet 490 (Niptgven- 50 (SD 13) 8weeks Rericeat Evidence-based face-to-  Usual care Health N/AS Cost per
a2, =143, face pain management care =>30% re-
Aus- Ninterven- programs; participants ductionin
tralia o were also provided with disability,
tion2==45 information designed to depression,
Ninterven- help people understand anxiety,
tion3=131, their symptoms and diiffi- and pain
and Nggn- culties, and to teach cogni-
tro=75) tive and behavioral self-
management skills to help
reduce pain-related disabil-
ity, anxiety, and depres-
sion.
Ekman 499 (75%fe- 65 12 Literature Itconsistsof apatientinter- Face-to-face  Soci- Societal costs:  Cost per
eta male) weeks  re- facethat providesindividu- treatment (two eta/hedth intervention unit of ef-
[30], view/CEA dly tailored information  to three 1- care group=2776 fect im-
Sweden on osteoarthritisand exer-  hour, physio- SEK (US provement
cisesfor rehabilitationand therapist-led $3234.8); con-
support for lifestyle face-to-face trol
changes. It includes a lectures with group=10,610
provider interface wherea information SEK (US
trained physiotherapist can  about the con- $12,363); hedth
follow progress of the pa-  dition and carecosts: inter-
tient and provide feedback availabletreat- vention
and support throughout the  ment) group=766 SEK
treatment period. (US$892); con-
trol group=1299
SEK (US
$1513.7)
Fatoye 47 (Nintgrven- 47 (SD 8weeks RCT/CEA Telerehabilitation,amo-  Usud care Health Intervention Cost per
eta ion=2land 11.6) and CUA  bile phone—based app of care group=US quality-ad-
[23], Neontro=26) mechanical diagnosis and $61.8; control  justed life-
Nigeria therapy. Most of these group=US year
participantswere provided $106.3
with smartphones.
Pagani- 302(84.1% 51.7(SD 6 RCT/CUA A guidedandunguidedin- Usua careand Societal ~ Guided=€6945 Cost per
nietal female 13.1) months ternet-based intervention.  participants (US$8417.8); quality-ad-
[24], n=254) It consistsof 7 modules,  were offered unguid- justed life-
Ger- whichincludeinformation, to usethe un- ed=€6560 (US year
many metaphors, assignments,  guided inter- $7951.1); con-
and mindfulnessexercises. net-basadinter- trol
Participants were advised ~ vention after group=€6908
towork on 1 module per  thelast fol- (US$8372.9)
week (~60 minutes). |ow-up assess-
ment
Williams 160 (Nirtgrven-  INterven- 6 RCT/CEA Aninterventioninvolving Usua care(no Societal  Intervention Cost per
eta tion=79and  tion months and CUA  brief telephone advice,a  restrictions and group=Aus quality-ad-
[25], Neontro=80) group=56.0 clinical consultation with  were placed health $1272 (US justed life-
Aus- (SD 13.3); aphysiotherapist, andrefer- ontheir useof care $1501.3); con-  year
tralia control ral toa6-month telephone-  other health trol group=Aus
group=57.4 based health coaching ser-  services dur- $1886 (US
(SD 13.6) vice ing the study $2225.9)
period)
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Author, Samplesize Meanage Follow- Methods Intervention modalities Comparator ~ Perspec-  Referencecosts Interven-
country (years) up tives tion out-
comes
Hed- 140 (Ninterven-  50.3(SD 10 RCT/CEA Internet-delivered expo-  Notreatment  Societal  Intervention Cost per
man- tion=70and  10.9) weeks sure therapy, comprising and group=US change on
Lager- Neontrol=70) about 100 pages divided health $8903; control  the Fi-
16f et & into 8 modules of self-help care group=US bromyalgia
[26], material $11,940 I mpact
Sweden Question-
naire
O'Brien 120(Njpgerven-  INterven- 6 RCT/CEA  Brief adviceand education Usual care Societal  Intervention Cost per
eta tion=60and tion months and CUA  about the benefits of group=Aus quality-ad-
[27], Neontro=60) group=63.0 weight loss and physical $4387 (US justed life-
Aus- (SD 11.2); activity for knee os- $5177.7); con-  year
tralia control teoarthritis were provided trol group=Aus
group=60.2 over thetelephone. Partici- $3819 (US
(SD 13.9) pantswereinformed about $4507.3)
the New South Wales Get
Healthy Information and
Coaching Service and re-
ferred to the service for
weight loss support.
Wein- 393 (Nitaven- INterven-  lyear  RCT/CEA Participantswerecaled — Receivedtheir Health Intervention Cost per
berger  ;,=191and tion monthly, aswell aslweek regular care  care group=US improve-
eta Neontro=202) group=6334 prior to scheduled general  without tele- $184; control ment in
[28], (SD medicine practicevisits.  phone inter- group=US$170 physical
United 10.50); vention functioning
States control and pain
group=61.1
(SD 12.5)
deBoer 72 (Ninterven- N/A 16 RCT/CEA Comprised 8 sessionsof 2 The control Health Intervention Cost per 1
eta tion=22 and weeks hours (7 continuous ses-  group re- care group=€1745  additional
[29], Neontrol=28) sionsand 1 booster session  ceived the (US$2207.2); pointim-
The 2 months after thelast sess  same program control provement
Nether- sion). Beforethe start of ~ and content as group=€1717  gained on
lands the course, amanual con-  the interven- (US$2171.8)  thePain
taining information about  tion group. Catastro-
how to accesstheinternet  However, phizing
courseissent tothepartic-  their interven- Scale
ipants. tiontook place
in ameeting
room at the
hospital and
wasfacilitated
by atrained
psychologist.

8RCT: randomized controlled trial.
BCUA: cost-uti lity analysis.

CCEA: cost-effectiveness analysis.
IN/A: not available.

Cost-Effectiveness of Digital Health I nterventions

The results of the cost-effectiveness and cost-utility analyses
of digital health intervention of the included studies are

described in this section (&l so see Table 3). Except 1 study [27],

https://www.jmir.org/2023/1/e41113

RenderX

all theincluded studiesreported that digital health interventions
were cost-effective compared with the control group. All the
included studies provided the ICER and ICUR indicating the
dominance of the interventions.
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Table 3. Clinical outcomes and incremental cost-effectiveness ratios of the included studies.

Aduthor, Clinical outcomes

Incremental cost-effectiveness ratios

country

Sumanet «  Disability score: intervention group=mean 5.1 (SD 4.7);

a [20], control group=mean 5.9 (SD 5.3)

The «  Back pain beliefs score: intervention group=mean 24.7 (SD
Nether- 6.0); control group=mean 24.8 (SD 6.2)

lands

Dearetal «  Disability (=30% improvement): self-guided format=39%
[21], Aus- (95% CI 30to 48); optional-guided format=40% (95% CI 32
tralia to 48); clinician-guided format=42% (95% CI 34 to 51); and

control group=9% (95% Cl 2 to 17)

« Painintensity (=30% improvement): control=8% (95% CI 1
to 15); self-guided format=23% (95% CI 15 to 31); optional-
guided format=26% (95% CI 18 to 34); and clinician-guided
format=21% (95% CI 14 to 28)

Ekmanet . N/AC
a [30],
Sweden

Fatoyeet «  Quality-adjusted life-years: intervention group=0.085 (95%

a [23], Cl1 0.80t00.09); control group=0.084 (95% CI 0.084 to 0.085)

Nigeria «  Disability: intervention group=15.71 (95% Cl 12.85t0 18.57);
control group=14.50 (10.63-18.36)

;"fg.""[lﬂ‘] *  Quality-adjusted life-years (AQoL-8D%): ACTonPaingyg.
Germany ed' =Mean 0.44 (SD 0.05); ACTonPaiNngigeq=mean 0.266

(SD 0.09); and waitlist control group=mean 0.244 (SD 0.08)
+  Treatment response (pain interference): ACTonPaingyg.

eg=mean 0.44 (SD 0.05); ACTonPainyngyigeg=mean 0.277
(SD 0.04); and waitlist control group=mean 0.158 (SD 0.04)

Williams . N/A
et al [25],
Australia

Hedman- «  EuroQol five-dimensional: intervention group=mean 0.60

Lagerlof (SD 0.30); control group=mean 0.44 (SD 0.32)
eta [26], « Fibromyagialmpact Questionnaire: intervention group=mean
Sweden 36.44 (SD 25.56); control group=mean 57.51 (SD 21.62)

Theincremental cost-effectivenessratiosindicated that theinter-
vention dominated usual care and the probability of cost-effec-

tiveness was 0.85 on awillingness to pay of €10,000%quality-
adjusted life-year.

For a=30% reduction in disability, depression, anxiety, and pain,

the costs were as follows: a self-guided format, Aus $404b-Aus
$808; an optional-guided format, Aus $314-Aus $541; and the
clinician-guided format, Aus $88-Aus $225.

Digital model costs around 25% of the existing face-to-face

model of care. Digital model and better management of patients
with osteoarthritis report on average a reduction in experienced
pain from 5.7 to 3.2 and 5.2 to 4.1 after 12 weeks, respectively.

The incremental cost-effectiveness ratio was 8705 SEK Yeffect
improvement.

The telerehabilitation was associated with an additional 0.001
quality-adjusted life-years (95% CI 0.001 to 0.002) per partici-
pant compared with the clinic-based arm.

Treatment response and quality-adjusted life-years were highest
in the ACTonPainggeq group (44% and 0.280; mean
Ccosts=€6945), followed by the ACTonPainynguiged group (28%
and 0.266; mean costs=€6560) and the control group (16% and
0.244; mean costs=€6908). The ACTonPaiNngigeq group versus
the control group revealed anincremental cost-effectivenessratio
of €45 and an incremental cost-utility ratio of €604. The ACTon-
Painynguided group dominated the control group.

Societal: mean total costs were lower in the intervention group
than in the control group (US $614; 95% Cl —3133 to 255).
Health care: mean total costs were higher in the intervention
group than in the control group (US $386; 95% CI —188 to 688).
No differences were found between the intervention and control
groupsin quality-adjusted life-years (mean difference 0.02; 95%
Cl —0.00 to 0.04), pain (mean difference —0.35; 95% Cl —1.33
to 0.64), disability (mean difference —0.57; 95% CI —10.41 to
9.27), weight (mean difference —2.04; 95% Cl —4.22 to 0.14),
and BMI (mean difference —0.67; 95% Cl —1.44 to 0.09).

For all outcomes, theintervention was on average less expensive
and more effective than usual care, and the probability of the
intervention being cost-effective compared with usual care was
relatively high (ie, 0.81) at awillingnessto pay of US $0/unit of
effect.

Intervention group, mean 36.44 (SD 25.56); control group, mean
57.71 (SD 21.62)

The mean score on the Fibromyalgia Impact Questionnaire for
the experimental group at the 12-month follow-up was 39.95
(SD 21.77), representing a nonsignificant change.

The incremental cost-effectiveness ratio was —5025/0.33=—US
$15,295. Thismeansthat for 1 additional responder to treatment,
there was a societal cost saving of US $15,295.

Taking a health care unit perspective, the corresponding incre-
mental cost-effectiveness ratio was 726/.33, which equates to
around US $2211.
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Author,  Clinical outcomes Incremental cost-effectiveness ratios

country

O'Brien  « N/A «  Mean cost differences between groups (intervention minus con-

eta [27], trol) were Aus $493 (95% Cl —3513 to 5363) for health care

Australia costs, Aus $-32 (95% CI —73 to 13) for medication costs, and
Aus $125 (95% CI —151 to 486) for absenteeism costs.

«  Thetotal mean differencein societal costs was Aus $1197 (95%

Cl —2887 to 6106). For quality-adjusted life-yearsand all clinica
measures of effect, the probability of theintervention being cost-
effective compared with usual care was less than 0.36 at all
willingness-to-pay values.

Wenbeg- « N/A «  Thecoststo achieve 1-unitimprovementsin physical functioning

eretad and pain (US $71.00 and US $31.00, respectively) over 1 year

[28], were extremely low. The annual costs for a 1-unit improvement

United in physical functioning and pain, as measured by the Arthritis

States Impact Measurement scale, were US $70.86 and US $31.00, re-
spectively.

deBoer . PainCatastrophizing Scale score: intervention group=mean .  Pain Catastrophizing Scale: intervention group, mean 11.00 (SD

eta [29], 0.69; control group=mean 0.37 11.49); control group, mean 16.10 (SD 11.56)

The «  Visual Analog Scale—Pain score: intervention group=mean .«  Visual Analog Scale—Pain: intervention group, mean 5.19 (SD

Nether- 0.62; control group=mean 0.06 2.53); control group, mean 5.49 (SD 2.32)

lands « RAND-36 Physical Functioning score: intervention «  RAND-36 Physical functioning: intervention group, mean 58.50

group=mean 0.42; control group=mean 0.15

(SD 22.37); control group, mean 55.88 (SD 22.35)

81=US $1.08 (as of June 12, 2023).

BAus $1=US $0.67 (as of June 12, 2023).

°N/A: not available.

91 SEK=US $0.09.

€AQoL-8D: Assessment of Quality of Life 8-Dimension.
facCT: acceptance and commitment therapy.

L ow Back Pain

A total of 4 studies [20,23-25] reported the cost-effectiveness
of digital health intervention on people with LBP. The digital
health intervention consisted of an informative website, digital
monthly newsletters, and sociad media platforms [20];
telerehabilitation using a mobile phone-based app [23];
internet-based intervention such as information, metaphors,
assignments, and mindfulness exercises[24]; aswell as a brief
telephone advice, aclinical consultation with aphysiotherapist,
and referral to a 6-month telephone-based health coaching
service [25]. The clinical outcomes measured were back pain
beliefs, disability, and health-related quality of life.

All these studies concluded that digital health interventions
seem to be cost-effective from the health care and societal
perspectives. The multifaceted eHealth intervention that aimed
to reduce patients back pain, generated on average, a WTP of
€10,000 (US $10,778.53) per QALY at a probability .85 being
cost-effective [20]. Telerehabilitation was associated with an
additional 0.001 QALY per participant compared with the

https://www.jmir.org/2023/1/e41113

control condition and the tel erehabilitation was dominant [23].
The guided internet-based interventions' probability of being
more cost-effective compared with the control condition
increased up to 70% and to 95% at a WTP of €24,415 (US
$26,315.78) and €91,000 (US $98,084.62), respectively [24].
For all clinical outcomes, an intervention involving a brief
telephone advice, aclinical consultation with aphysiotherapist,
and referral to a 6-month telephone-based health coaching
service was on average less expensive and more effective than
usual care, and its probability of being cost-effective compared
with usual care was relatively high (ie, 0.81) at a WTP of US
$0/unit of effect [25].

A meta-analysis was conducted for disability, QALY, and cost
(Figure 2). A datigtically significant mean difference in
disability (mean difference —0.176; 95% Cl —0.317 to —0.035;
P=.01) and QALY (mean difference 3.855; 95% CI 2.023 to
5.687; P<.001) was identified. The meta-analysis for the costs
of 2 studies [24,25] favors the digita health intervention
compared with the control condition (mean difference —-US
$0.339; 95% CI —0.610 to —0.187; P<.001
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Figure 2. Forest plots of comparison: digital health intervention vs control for low back pain.

Quality-adjusted life year

Study name

Std diff Lower Upper

in means limit limit

Paganini et al., [24] 2.935 2.536 3.333
Williams et al.,, [25] 4.700 4.097 5.303
3.802 2.073 5.532

Disability

Study name Statistics for each study

Std diff Lower Upper

in means limit limit

Suman et al., [20]-0.158 -0.301 -0.016
Fatoye et al., [23] -0.465 -1.048 0.118
-0.176 -0.317 0..035

Cost from societal perspective (USD)

Study name Statistics for each study
Std diff Lower Uf_pa_r
in means limit imit

Paganinietal., [24] 0005 02T 0.222

Williams et al_, [25] -0.96%  -1.298  -0.641

-0.38% 0610  -0.187

Osteoarthritis

Two studies[27,28] documented the cost-effectiveness of digital
health intervention on patients with osteoarthritis. A digital,
structured, and individualized treatment program and
telephone-based health coaching service were the contents of
the digital health interventions. The included studies indicated
that patients have improved their health-related quality of life,
pain intensity, disability, and physical function due to the
interventions. Although 1 of the included studies [27] reported
that the digital intervention was not cost-effective, a study
conducted in the United States[28] indicated that it is potentially
cost-effective in osteoarthritis.

The digital, structured, and individualized treatment program
reported on average a reduction in experienced pain from 5.7
to 3.2 (a reduction by 2.5 points on a 0-10 scale, or a 44%
reduction) after 12 weeks [30]. Based on the cost-effectiveness
ratio, the intervention arm was associated with 8705 SEK (US

https://www.jmir.org/2023/1/e41113
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$805.92) per effect improvement. From the societal and health
care perspectives, the mean cost difference between the
telephone-based health coaching service and control were US
$1197 (95% CI —2887 to 6106) and US $493 (95% CI —3513
t05363), respectively [27]. For QALY sand al clinical measures
of effect, the probability of the telephone-based health coaching
service being cost-effective compared with usual care was less
than 0.36 at all WTP values. Based on the cost-effectiveness
ratio from the health care system perspective, there was an
annual cost of US$71.00 and US $31.00 per 1-unit improvement
in physical functioning and in pain, as measured by the Arthritis
Impact Measurement Scales, respectively [28].

Chronic Pain

Three studies [21,26,29] compared the cost-effectiveness of
digital health intervention with usual care on peoplewith chronic
pain. Thedigital health interventionsinclude therapist-supported
treatment comprising about 100 pages divided into 8 modules
of self-help material, cognitive-behavioral intervention with
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email contact of the therapist, and transdiagnostic psychological
intervention delivered via the internet. The clinical outcomes
were disability, health status (fibromyalgia), physica
functioning, and pain. All these studies reported that digital
health interventions were cost-effective. For a unit reduction
(=30%) in disability, depression, anxiety, and pain, aself-guided
internet-based intervention and control or clinician-guided
intervention costs from Aus $404 (US $273.05) to Aus $308
(US $546.09) and Aus $88 (US $59.48) to Aus $225 (US
$152.07), respectively [21]. Taking the societal and health care
perspectives, the cost-effectiveness ratio between the
internet-delivered pain management group and the control group
was US $15,295 and US $2211 for 1 additional responder to
treatment, respectively [26]. Compared with control, the
internet-based cognitive-behavioral intervention showed asaving
of €40 (US $43.12) per additional point improvement gained
on the Pain Catastrophizing Scale [29].

Discussion

Key Findings

To the best of our knowledge, thisis the first study to perform
a systematic review and meta-analysis on critically appraising
the cost-effectiveness of digital health interventionsfor patients
with MSDs. A total of 10 studies from 6 countries were
included. The results of our analysis show that there is strong
evidence to support that digital health interventions are
cost-effective. From a societal perspective, telephone-based
weight loss support provided using an existing
nondisease-specific 6-month weight management and healthy
lifestyle service was not cost-effective in comparison to usual
carefor patients with osteoarthritis[27]. However, it should be
noted that health service delivery systems are not the same in
different countries. Moreover, cost-effectiveness results may
differ from 1 region to another, as countries have differences
in demography and epidemiology.

Nicholl and colleagues [31] conducted a systematic review to
critically appraise published evidence concerning the use of
interactive  digital health interventions to  support
self-management of LBP. These authors indicated that no
information on cost-effectiveness was reported. However, a
recently published review [12] has demonstrated that digital
health interventions have some clinica benefits in the
management of MSDs and may contribute positively toward
reducing its multifaceted burden to the individual, economy,
and society.

A substantial difference exists in the applicability of digital
health interventions in high-income as well as low- and
middle-income countries [32]. For example, telerehabilitation,
in the form of amobile phone app platform extension exercise,
may be apractical intervention in geographically remote areas
[23]. Consistent with our findings, taking alifetime perspective,
the use of a mobile app for the self-management of heart
diseases by patients with heart failure (in a Spanish region)
appesared cost-effective compared with usual care[33]. Although
the type of digital health interventions is one of the influential
cost drivers [34], it seems that they are cost-effective in both
high- and low-income countries.

https://www.jmir.org/2023/1/e41113
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Some of the main reasons for the cost-effectiveness of digital
health interventions are early identification of a disease using
technology and savings made on direct nonmedical costs or
indirect costs. Further, prevention of disease progression and
its costly health outcomes could be possible through early
detection of a disease. For example, those conditions that have
been promptly detected or identified could receive intervention
or treatment to prevent its progress. Furthermore, using digital
health interventions may enable clinicians to reduce time spent
for each patient, which in return reduces overall heath care
resources and in turn burden on the society.

A meta-analysis could not be performed for most of theincluded
studies in this current review. This is because the included
studies used different time horizons, different clinical outcomes,
and did not present mean or SD for costs. However, it was
possible to pool effectiveness and cost data from 2 studies
[24,25]. From asocietal perspective, compared with the control
group, the meta-analysis results of these 2 studies suggest that
the digital health intervention is more effective and less costly.
Thissuggeststhat digital health interventions are cost-effective
compared with control. Among other parameters, it isimportant
to consider the transferability of the cost-effectiveness results
from other countries before using them in the decision-making
process. Therefore, thisreview could provide useful information
that digital health interventions are cost-effective and policy
makers can apply regional cost-effectiveness datato their local
decision-making.

Strengths and Limitations

There are certain strength and limitations to this study. In this
review, we used a systematic approach such as the screening
of numerous databases, the involvement of multiple reviewers,
and assessment of methodological quality of the studies. Only
English language studieswereincluded. Therefore, it ispossible
that relevant literature published in other languages may have
been excluded. Only asmall number of studiesmet theinclusion
criteria. It was also not possible to perform a meta-analysis for
most of the included studies due to the adoption of different
time horizons and different clinical outcomes; further, many
studies did not present mean or SD for costs [35]. Besides, the
quality of the included studies indicates that there is a need to
interpret the cost-effectiveness results with caution. Finally, we
found just 1 study precluding any meaningful conclusions on
the cost-effectiveness of digital health interventions. Overall,
the findings of this review should be generalized only after
taking local information such as perspective, time horizon,
currency, and gross domestic product specific for each country
into account [36].

Conclusions

Studies indicate that digital health interventions are
cost-effective. Our findings also suggest that digital health
interventions could hel p improve accessto treatment for patients
with MSDs, thereby improving their health outcomes. Policy
makers should consider the use of theseinterventionsfor patients
with MSDs. This study may provide useful information to
decision makers at atime when there is a shortage of economic
evidence.
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Abbreviations

ACT: acceptance and commitment therapy
ICER: incremental cost-effectiveness
ICUR: incremental cost-utility ratio

LBP: low back pain

MSD: musculoskeletal disorder

QALY: quality-adjusted life-year

QHES: Quality of Health Economic Studies
WTP: willingness to pay
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