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Abstract

Background: Mobile devices such as smartphones and tablets have surged in popularity in recent years, generating numerous
possibilities for their use in health care as mobile health (mHealth) tools. One advantage of mHealth is that it can be provided
asynchronously, signifying that health care providers and patients are not communicating in real time. The integration of
asynchronous mHealth into daily clinical practice might therefore help to make health care more efficient for patients with
rheumatoid arthritis (RA). The benefits have been reviewed in various medical conditions, such as diabetes and asthma, with
promising results. However, to date, it is unclear what evidence exists for the use of asynchronous mHealth in the field of RA.

Objective: The objective of this study was to map the different asynchronous mHealth interventions tested in clinical trialsin
patients with RA and to summarize the effects of the interventions.

Methods: A systematic search of Pubmed, Scopus, Cochrane, and PsycINFO was performed following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. Studies were initialy screened and later assessed by
two independent researchers. Disagreements on inclusion or exclusion of studies were resolved by discussion.

Results: Theliterature search yielded 1752 abstracts. After deduplication and screening, 10 controlled intervention studies were
included. All studieswere assessed to be at risk for biasin at least one domain of the Cochranerisk-of-biastool. In the 10 selected
studies, 4 different types of mHealth interventions were used: SMS reminders (to increase medication adherence or physical
activity; n=3), web apps (for disease monitoring and/or to provide medical information; n=5), smartphone apps (for disease
monitoring; n=1), and pedometers (to increase and track steps, n=1). Measured outcomes varied widely between studies;
improvements were seen in terms of medication compliance (SMS reminders), reaching rapid remission (web app), various
domainsof physical activity (pedometer, SM S reminders, and web apps), patient-physician interaction (web apps), and self-efficacy
(smartphone app).

Conclusions: SMS reminders, web apps, smartphone apps, and pedometers have been evaluated in intervention studies in
patients with RA. These interventions have been used to monitor patients or to support them in their health behavior. The use of
asynchronous mHealth led to desirable outcomesin nearly al studies. However, since all studieswere at risk of bias and methods
used were very heterogeneous, high-quality research is warranted to corroborate these promising results.
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Introduction

Background

An increase in the prevalence of rheumatoid arthritis (RA), as
well as a general shortage of rheumatologists to treat patients
with RA, has been described [1,2]. In combination with rising
health care costs, this makes structural changes in the Dutch
health care system seem inevitable [3]. The challenge set is
difficult, as solutions for the increasing health care costs, the
rising prevalence of RA, and the subsequent demand on our
outpatient clinics will need to follow the treat-to-target
guidelines [4]. Integrating mobile health (mHealth) into daily
clinical practice may help overcome the challenges the Dutch
health care system isfacing in the care of patientswith RA and
other chronic diseases [5-7]. Especially for patients with RA,
the anticipated benefits of mHealth use should be evaluated, as
adaption of mHealth might be challenging for older patients
with RA or patients impeded by hurting joints [8,9].

The World Health Organization defines mHealth as “medical
and public health practice supported by mobile devices such as
mobile phones, tablets(...)" [7]. Appsfor gait analysis, activity
tracking, and video consultations and devices for handgrip
strength monitoring have been devel oped and tested in patients
with RA [10-13]. Two types of mHealth interventions can be
distinguished: synchronousinterventions, such astele- and video
consultation (where health care provider and patient arein direct
real-time contact), and asynchronous interventions (no direct
real-time contact), such as electronic consultations and remote
disease activity monitoring through web or smartphone apps
[14,15]. Asynchronous mHeal th interventions have not received
the same degree of attention as synchronous mHealth in RA
[16,17], despite the anticipated benefits such as shorter wait
times, lower health care usage, and consultations tailored to
need [18-21]. So far, it remains unclear what evidence exists
for the use of asynchronous mHealth interventions in patients
with RA.

Objective

The objective of this scoping review was to map the different
asynchronous mHealth interventions tested in clinical trialsin
patients with RA and to summarize the effects of the

interventions. Ultimately, this should help to identify promising
implementations and future research opportunities.

Methods

Study Design

We conducted a scoping review of the literature. This type of
review is suitable to map the available evidence in new and
developing fields. The vaue of scoping reviews to
evidence-based health care and practice liesin the examination
of a broader area to identify gaps in the research knowledge
base, clarify key concepts, and report on the types of evidence
that address and inform practicein thefield [22].

http://mhealth.jmir.org/2020/11/€19260/

Search M ethods

A review protocol was developed based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement [23]. Consequently, a comprehensive
search of the bibliographic databases PubMed, Embase.com,
Ebsco/PsycINFO, Wiley/Cochrane Library, and Scopus was
performed by amedical librarian. Databaseswere searched from
inception to November 20, 2019. The following terms were
used as index terms or free-text words (including synonyms
and closely related words): smartphones, internet, eHealth,
mHealth, wearable, apps, rheumatoid arthritis, and
tele-rheumatol ogy.

The search was performed without date, language, or publication
status restrictions. Duplicate studies were excluded. The full
search strategies for all databases can be found in Multimedia
Appendix 1.

Inclusion and Exclusion Criteria

The following inclusion criteria were used: (1) the study
population comprised only patientswith RA, or the majority of
the study population consisted of patients with RA, for whom
the data were reported separately, (2) the study evaluated an
asynchronous mHealth intervention (ie, the health care provider
and patient were not in direct synchronous contact), (3) the
study type was randomized controlled trial (RCT), randomized
controlled crossover trial, or quasi-experimental clinical trial,
(4) the study reported outcomes in relation to the mHealth
intervention, and (5) the study was published in English as a
full-length paper and an original report.

Studiesthat reported only qualitative outcomes (eg, from focus
groups, semistructured interviews, etc) were excluded from the
review. References of retrieved studies were screened for
additional relevant studies. Interventions that used a web app
were taken into account, as these are easily accessible through
mobile devices (smartphone and/or tablet) and therefore
regarded as mHealth in this review.

Selection of Studies

Initially, the title and abstract were screened independently for
eligibility criteriaand blinded to each other with the online tool
Rayyan [24]. Full-text papers were retrieved for all abstracts
that met the inclusion criteria. Disagreements on the inclusion
or exclusion of studies were resolved by discussion.

Data Extraction and Categorization

Data were extracted by one reviewer using a standardized
template and verified by a second reviewer. Thefollowing data
were extracted from each included study: the year of the study,
the number of participants, patient characteristics, type of study,
type of intervention, duration of study and follow-up, outcome
measures, univariate outcomes, and statistical significance.
Disagreements or discrepanciesin dataextraction wereresolved
by discussion.
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Quality Assessment of the mHealth I ntervention
Studies

The quality of each study was independently evaluated using
the Cochrane Collaboration’s tool—a 7-domain tool for
assessing risk of biasinwhich study characteristicsare classified
as having high, low, or unclear risk of bias[25]. For each study,
all itemswere rated by the same reviewers and substantiated in
a Microsoft Excel file (version 2013; Microsoft Corporation).
The results were compared and disagreements in results were
resolved by discussion and, when necessary, by consultation
with athird reviewer.

Figure 1. Study selection. mHealth: mobile health.
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Results

Study Selection and Inclusion

The search yielded 1752 abstracts (Pubmed: n=286; Embase:
n=1088; Psyclnfo: n=9; Cochrane library: n=81; and Scopus:
n=288). One additional abstract was added &fter
cross-referencing. After deduplication, 1261 abstractsremained,
of which 1245 did not meet the inclusion criteria. The main
reasons to exclude abstracts were that they were not mHealth
studies, the population was not patients with RA, they were
conference abstracts, or they were the wrong study type (ie,
review or not an intervention study). A total of 17 full-text
studies were reviewed and ultimately 10 studies were included
(Figurel). All studieswere RCTSs, with the exception of astudy
by Mollard and Michaud [8], which was a nonrandomized
controlled study.

1752 abstracts (Pubmed n=286, Embase
n=1088, Psycinfo n=9, Cochrane library n=81,
Scopus n=288)

491 abstracts removed following

A

A 4

deduplication

1261 abstracts

A 4

L 4

1245 abstracts did not meet inclusion

criteria

1 additional abstract

Yy

identified by cross-

17 abstracts

Inadequate patient population (n=2)

Y

> Not mHealth tool (n=2)
No quantitative results (n=1)

Study not available online (n=1)

10 abstracts

Synchronous intervention (n=1)

Study Results

A description of the quantitative evidence for the mHealth
interventions reported in the included studies is presented in
Table 1. In the 10 intervention studies, four different types of
interventions were used: SMS reminders (for adherence to
medication and physical activity plans) [26-28], web apps (for
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RenderX

information and disease monitoring) [13,29-32], smartphone
apps (for disease monitoring) [8], and pedometers (for activity
tracking) [33]. Measured outcomes and study methods varied
among the trials, depending on the aim of the mHealth
intervention. All of the studies included between-group
comparisons.
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Table 1. Evidence for effectiveness of mobile health trials in patients with RA.
Ref2 ptd Study duration  Intervention Outcome measure Results
with (+ follow-up)
RAS, n
Intervention, mean Control, mean P value
(SD) (SD)

[8] 63 6 mths® Livewith Arthritis Self-efficacy: P- P-SEMS: 2.80h; PAM: P-SEMS: l.66h; P-SEMS: .04;
smartphoneapp with  ggevs'- pam9 h ) h PAM: .46
optical imaging 6.37 PAM: 2.30

[13] 160 12 mths Physical activity inter-  Participantsthat meet g mthd: 38: 12 mthd: 6 mthd: 22: 12 .04; .12
vention (web app) Dutch public health 26 the- 15

physicd activity recom- mths:
mendation (%)

[26] 96 6 mths SMS reminders CQR-QJ 3.32 (5.66) -0.14 (7.56) .02

[27] 20 16 wks* Motivational coun- Daily sitting time —0.30(1.90) 0.15 (1.43) |
selling and SMSre- (hours/day)
minders

[28] 150 16 wks Motivational coun- Daily sitting time -1.61 (Cl -1.97 to 0.59 (Cl 0.24to <.001
selling and SMSre- (hours/day) -1.25) 0.95)
minders

[29] 157 2mths+ 2 Accessto different sec- Physical activity (B)™, Physical activity, group  ny/ad Physical activi-

mths tionsof aweb app: (1) (minutes); hedlth care  4: B=3.39; health care ty, group 4: .02;
socid support, (2) gam- e (B), (number of vis-  use, group 2: p=—0.41, health care use,
ing, (3) information, (4) its); medication overuse  groun 4P: B=—033 group 2: .01,
1and 2, and (5) control POMI™® group <= ) group 4: .02
group (B). (POMI)

[30] 320 12 mths Sanoia (web app) Patient-physicianinter- 0.6 (5.52) —0.91 (6.08) .01

action (PEPPI-5)

[31] 44 12 mths Telemonitoring with Patientswith CDAISre-  38.1 25 <.01
RETE-MARCHE (Web  mjisgion and comprehen-
app) sive disease control af-

ter 1 year (%)
[32] 108 10wks+9 Educational modules Self-efficacy (ASES)Y  P1Y: 83.9(19.0); 9 mths Pl: 68.5(23.8);9 PI:<.001;9
mths for improving self-effi- Pl: 84.1(16.3) mths Pl: 68.6 mths PI: <.001
cacy in self-manage- (23.3)
ment of RA (web app)'

[33] 96 21 wks Activity trackingwith  Physical activity Steps/day w: 1656 Steps/day: —747 Steps/day: .003;
pedometer w" or wo* (steps/day); Fatigue (2161), wo: 1441 (3064); Fatigue: Fatigue: .21
step targets (PROM|'-fatigue) (2829); Fatiguew: 4.8 -1.6(8.1)

(7.7), wo: =32 (7.2)
8Ref: reference.
bpts: patients.

°RA: rheumatoid arthritis.
9in the results col umn, between-group differences are presented.
€mths: months.
fP-SEMS: Patient-Reported Outcomes M easurement |nformation System Self-Efficacy Managing Symptoms.

9PAM: Patient Activation Measure.

PSD unknown.

iIntention-to-treat analysis.
jCQR-Q: 9-item Compliance Questionnaire-Rheumatol ogy.
Kwks: weeks.

—: not available.

MUnstandardized beta-coefficient (B) of multilevel linear model, including time exposed to intervention; no univariate results presented.
"POM I Prescription Opioid Misuse Index.
®No significant differences were found in medication overuse.
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PNo significant differencesin the other groups.

IN/A: not applicable.

"PEPPI-5: 5-item Perceived Efficacy in Patient-Physician Interactions.
SCDAI: Clinical Disease Activity Index.

'No primary outcome was defined.

UASES: Arthritis Self-Efficacy Scale.

VPl postintervention.

YWw: with,

*wo: without.

YPROMIS: Patient-Reported Outcomes Measurement Information System.

SM S Reminders

Three RCTsinvestigated the use of SMS reminders. Mary et a
[26] evaluated the impact of weekly text messages on medication
adherencein patientstaking methotrexatefor RA. Study patients
who received reminder text messages on the day they had to
take their methotrexate had a greater increase in medication
adherence, as assessed using the 9-item Compliance
Questionnaire-Rheumatology (CQR-9), compared with acontrol
group and agroup receiving a15-minute pharmacist counselling
session [26].

Two other RCTs[27,28] evaluated the effect of threeindividual
motivational counselling sessions and individually tailored text
message reminders on reducing daily sitting time. Initially, the
pilot study [27] showed feasibility of the study design and
acceptability of theintervention; a second study [28] evaluated
the effect of the intervention on a larger population. In the
intervention group of both studies, individually tailored text
messages were sent to each participant to remind them of their
behavioral goal(s). Participants could indicate their desired
frequency of reminders (between 1 and 5 per week) [27,28].
Ultimately, patientsin theintervention group reduced their daily
sitting time by 1.61 hours per day [28].

Web Apps

Five RCTsinvestigated the use of an online platform [13,29-32].
Theonline platformswere used asinformative toolsfor patients
and offered away to self-monitor disease activity. The platforms
demonstrated statistically significant effects in terms of
self-management skills, patient empowerment, patient-physician
interaction, and physical activity [13,29,30,32].

Allam et al [29] evaluated the effect of different sections of a
web app on physical activity, health care utilization, and
medication overuse. In the 4 intervention arms of the trial,
patients received access to (1) the information section of the
web app alone, (2) the information section combined with the
socia support section of the app, (3) the gaming section of the
app, or (4) both the social support section and the gaming
section. The intervention arms were compared with a control
group that received no access to the web app. Patients that had
access to the social support sections on the website decreased
health care utilization and medication overuse, and patientswith
access to gamification features alone or combined with social
support increased physical activity and decreased health care
utilization [29].

http://mhealth.jmir.org/2020/11/€19260/
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Shigaki et a [32] evaluated the use of an online platform to
improve self-efficacy, quality of life, health status, and pain.
The platform combined individual and community features.
Individual features included educational modules encouraging
positive coping strategiesfor enhancing self-efficacy. In addition
to online features, each member was provided with one-on-one
leader support through weekly phone contact, typically lasting
between 15 and 30 minutes. The platform improved self-efficacy
and quality of life in the intervention group: no statistically
significant improvements were seen in terms of health status or
pain in the intervention group. Data collected through
self-monitoring with patient-reported outcomes (PROs) were
used for clinical decision making in one study [31]. In the study,
PROs were remotely collected to evaluate disease activity by
making use of aweb app. A total of 44 patients were randomly
allocated into 2 groups: the telemonitoring intensive strategy
(T1S) group or the conventional strategy (control) group. Inthe
TIS group, patients were monitored intensively and treated
according to strict protocols. More patients in the TIS group
achieved Clinical Disease Activity Index (CDAI) remission
versus patients in the control group (38.1% versus 25% at 1
year; P<.01). Moreover, remission was achieved more rapidly,
with a median of 20 weeks versus a median of over 36 weeks
(P<.001)) [31].

Smartphone App

A smartphone app was used in one study [8]. In the study, the
use and feasibility of optical imaging through the smartphone
weretested to monitor the progression of RA inflammation and
deformity in patients' hands. Inflammation and deformity were
recorded by taking photos using the smartphone's camerawith
a dstandardized procedure. The app aso supported
self-management behaviorswith featuresto monitor symptoms
and record lifestyle and environmental data (eg, diet, activity,
and weather). After 6 months of app use, therewasastatistically
significant improvement in Patient-Reported Outcomes
Measurement Information System (PROMIS) Self-Efficacy
Managing Symptoms (P-SEMS) [8]. Results of the accuracy of
the use of optical imaging for diagnosing flares of arthritiswere
not presented [8].

Activity Tracking

A pedometer was used in one study [33], as atool to monitor
and improve physical activity. The overarching aim of the study
was to reduce fatigue, measured with the 7-item
PROM I S-fatigue questionnaire. Patientswererandomly assigned
into one of three parallel arms: (1) physical activity education
only, (2) a pedometer plus step-monitoring diary, or (3) a
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pedometer that visualized step counts combined with goal
setting. In both pedometer groups, the number of stepsincreased
significantly, and changes differed significantly with the
education-only group. Within-group changesin PROMI S-fatigue
scoresin both intervention groups were statistically significant
(pedometer plus diary group, P=.02, and pedometer plus goal
setting group, P<.001) [33]. However, the between-group
differencein fatigue scores over time between the intervention
and control groups were not statistically significant (P=.21)
[33].

Seppen et a

Risk-of-Bias Assessment

At least one domain of the risk-of-bias tool was scored as “at
risk for bias in al studies” Blinding participants was not
performed in 9 out of 10 studies. No studies were classified as
at highrisk for selective reporting. The magjority of studies (6/10,
60%) were at risk for bias on multiple domains, and in 70%
(7/10) of studies, there was an unclear risk for bias on at least
one domain. Results are presented in Figure 2.

Figure 2. Assessment of risk of bias with the Cochrane Collaboration’s tool. Green=low risk of bias, red=high risk of bias, and orange=unclear risk

of bias.

Random sequence generation
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Blinding of participants and personnel
Blinding of outcome assessment
Incomplete outcome data
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Discussion

Summary

With this review, we provide an overview of the effects of
mHealth interventions tested in clinical trias in patients with
RA. We identified 10 studies that examined 4 different types
of mHealth tools [8,13,26-33]. Web apps were the most tested
mHealth intervention [13,29,30,32]. In 9 studies, significant
desirable effectswere reported on five main outcome measures:
medication compliance (SM S reminders) [31], variousdomains
of physical activity (pedometer, SM S reminders, and web apps)
[13,27-29,33], percentage of patientsthat reach remission after
1 year (web app) [31], patient-physician interaction (web app)
[30], and self-efficacy (smartphone and web apps) [8,32].
However, all studieswereat risk for biason at |east onedomain.
Dueto the heterogeneity in study outcomes and methods used,
and the risk of bias in all studies, the promising effect of
asynchronous mHealth on all the aforementioned outcomes
needs to be corroborated in future studies.

Principal Results

Theresults of the studiesin this review show that it is possible
with mHealth interventions to effectively monitor patients to
achieve remission sooner [31]. Also, by sending reminders,
mHealth tools can motivate patients to improve medication
compliance [26], as well as to be more physicaly active
[13,28,33]. Furthermore, mHealth can improve the self-efficacy
of patientswith RA [8,30,32]. If these results are corroborated,
mHealth may contribute to better overall health [34,35], less
health care usage, and possibly lower health care costs. In
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addition, we hypothesize that the value of patient-physician
consultations that do happen can be increased, as several
reviewed studies reported higher self-efficacy scores and better
pati ent-physi cian communi cation. However, outcomes and study
methods used in the mHealth studies were very heterogeneous,
and studies were often at risk of methodological biases, which
was also found in other mHealth reviews[15,36]. Heterogeneity
wasfound in thewide range of interventions (smartphone apps,
web apps, pedometers, SMS reminders) and chosen outcome
measures. For instance, severa different outcomes were
measured (eg, self-efficacy, physical activity, and timeto reach
remission) and several different measures of self-efficacy were
used (eg, Arthritis Self-Efficacy Scale, Patient Activation
Measure, and P-SEMS) [8,32]. Furthermore, bias could have
been introduced into most of the study results, as blinding of
patients to their intervention was rarely achieved. Even though
practical limitations often impede blinding in mHealth studies,
it is recommended to ensure comparable experiences between
control and intervention participants [37]. The study of Allam
et al [29] illustrates that this can be achieved by utilizing a
factorial study design; other options include an
early-versus-delayed study design or partial blinding [37].

Expectations

Based on the limited evidence available from mHealth
intervention studies, we will cautiously discuss some potentially
promising implementations and expectations. We distinguished
two main implementations of asynchronous mHealth: (1)
monitoring of patients, which can be subdivided into active and
passive monitoring, and (2) supporting patients in their health
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behavior (Figure 3). With the help of remote monitoring through
mHealth, unnecessary consultations might be prevented. In
inflammatory bowel disease, amonitoring mHealth intervention
has shown to reduce health care visits (33%) and hospital
admissions, without increasing disease activity or decreasing
patient satisfaction [19]. We expect that monitoring mHealth
tools could also be very useful to patientswith astable, chronic
rheumatic disease. Often, the value of a consultation islow, as
75% of patientswith RA in routine clinical follow-up have low
disease activity or are in remission [38]. With monitoring
mHealth tools, these consultations could be avoided, which
could in turn decrease health care costs. Fewer consultations,
however, may also delay biological tapering or treatment when
necessary. The safety and cost-effectiveness of this form of
monitoring mHealth is currently investigated in two RCTs
[20,39]. We anticipate that the use of monitoring mHealth
interventions (telemonitoring) will increase based on the
increasing number of studies performed with mHealth and the
increasing use of smartphones in the population. For patients
with RA and their health care providers, objective parameters
of disease activity that do not require patient effort (ie, filling
in a questionnaire) but are automatically collected would be
ideal. That is because passive, remote monitoring eliminates
the need for active sharing of disease outcomes and would
therefore (partly) surpass adherence issues. Ultimately, this
would lead to less missing data and lower the burden for

Seppen et al

patients. Devices can aready collect and share these data
without any participation of the patient, and uses in
rheumatology are being explored [10,11,40,41] (Figure 3).
mHealth that supports patients in their health behavior
(supporting mHealth) can help patients adhere better to healthy
lifestyles and medication, and can play a significant role in
helping patients to cope with their disease by means of social
support, education, and improving self-efficacy [13,26-30,32].
In this review, studies used supportive mHealth to get patients
more physically active, improvetheir self-efficacy, and increase
their medication adherence [13,26-30,32]. In other medical
fields, similar results were found with positive effectsin terms
of lifestyle and medication adherence [42-44]. This indicates
that supportive mHealth may play an important role in
preventive (health behavior change) medicine. However, one
important gap in our knowledge here is that it is unclear how
long the effects of these interventions last. No study in this
review had afollow-up of longer than 1 year, and effects often
decreased over time. This is likely due to the decrease in
adherence to the intervention, which impedes the long-term
impact. To increase adherence, some studies have reported on
the use of persuasive elementsin mHealth tools, such asthe use
of gamification or persuasive principles in text reminders
[29,45]. We expect this to be an important line of research to
increase adherence to mHealth tools and to ultimately optimize
the impact of mHealth interventions.

Figure 3. Identification of asynchronous mobile health (mHealth) usesin rheumatoid arthritis. PROs: patient-reported outcomes.

mHealth
Monitor
Y -
Support | e 30 000000000000000a00
Passive Active
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information support imaging strength

Strengths and Limitations

This review was broad in scope and did not focus on one type
of mHealthintervention, allowing it to provide aclear overview
of the current position of all mHealth tools tested in clinical
trialsin patients with RA. To maintain a broad scope, the study
regarded web apps as mHealth tool s because web appsare easily
accessible through mobile phones. However, it is possible, that
the adoption of, or adherence to, web apps is different on

http://mhealth.jmir.org/2020/11/€19260/

computers and mobile phones. This might lead to other
outcomes of theinterventions, which should be further examined
in future research. Lastly, it is possible that due to biased
preference, only studies with positive results are published,
which could have led to an overrepresentation of positive effects
in this review. However, there is little evidence that this
occurred, aswe examined trial registries (clinicaltrials.gov and
isrctn.com) and encountered only one trial that was completed
more than 2 years ago, which had not published its results.
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Conclusion beneficial resultsof SM Sreminders, web apps, and smartphone
apps on several outcomes. However, study methods varied
widely, al studies were at risk of bias, and follow-up length
was often short. Therefore, the results of the review indicate
that al reviewed types of mHealth interventions show some
promise, but also that these results need to be corroborated in
future studies.

There is a limited number of studies assessing the effect of
asynchronous mHealth interventions in patients with RA. The
available studies show that asynchronous mHealth interventions
have been used to monitor patients or to support them in their
health behavior. The reviewed studies reported significant
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