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Abstract

Background: Telemedicine based on self-measurement of disease activity could be one of the key components to create the
health care system of the future. Previous publicationsin various medical fields have shown that it is possibleto safely telemonitor
patients while reducing the number of outpatient clinic visits. For this purpose, we developed a mobile phone app for patients
with rheumatoid arthritis (RA), which allows them to self-monitor their disease.

Objective: The objective of this study is to assess the safety and efficacy of self-initiated care assisted by a smartphone app in
patients with RA.

Methods: This is a randomized controlled trial that will be performed for 1 year. A total of 176 patients with RA will be
randomized to either self-initiated care with only one scheduled follow-up consultation assisted by our app or usual care. The
coprimary outcome measures are the number of outpatient clinic consultations with arheumatol ogist taking place during thetrial
period and the mean disease activity score as measured by the disease activity score 28 (DAS28) at 12 months. The secondary
outcomes are patient satisfaction, adherence, patient empowerment, and cost evaluation of health care assisted by the app.

Results:  Recruitment started in May 2019, and up to 18 months will be required for completion of recruitment. Thus far, 78
patients have been randomized, and thus far, experiences with the app have been positive. The study results are expected to be
published by the end of 2021.

Conclusions: The completion of this study will provide important data regarding the following: (1) safety of self-initiated care
supported by a smartphone app in terms of DAS28 and (2) efficacy of lowering health care usage with this new strategy of
providing health care.

Trial Registration: Netherlands Trial Register NL7715; https.//www.trialregister.nl/trial /7715
International Registered Report Identifier (IRRID): DERR1-10.2196/15105

(JMIR Res Protoc 2020;9(2):€15105) doi: 10.2196/15105
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Introduction

Background

Rising health care costs, increasing el derly population size, and
shortage of medical personnel have forced us to think about
alternative ways to organize our health care system. The use of
information technology tools (eHealth) may lead to better
outcomes while reducing costs [1]. One suggested use for
eHealth is asynchronous telemonitoring. In this form of
telemonitoring, patients are monitored without face-to-face or
real-time contact with a physician. Various studies with
asynchronous telemonitoring have been performed in patients
with inflammatory bowel disease (IBD) [2], asthmatic diseases
[3,4], and diabetes mellitus [5], with positive results. However,
for patients with rheumatoid arthritis (RA), clinical evidence
for the use and saf ety of asynchronoustelemonitoring islacking

[6].

Currently, patients are monitored in outpatient clinicsaccording
to the European League Against Rheumatism (EULAR)
treat-to-target guidelines for RA. The guidelines state that
measures of disease activity must be obtained and documented
regularly, as frequently as monthly for patients with
high/moderate disease activity or less frequently, such as every
6 months, for patients with sustained low disease activity or
those in remission [7]. On one hand, the value of most
consultations is low, as 75% of patients in routine clinical
follow-up have low disease activity or show remission [8]. On
the other hand, individualswith RA may experience occasional
increasesin inflammation between routine clinical visits, which
are associated with worsening symptoms, and these arereferred
to asflares[9]. Moreover, patients with RA characterize flares
as unpredictable intense episodes that make them feel helpless
[10]. Frequent self-monitoring of disease activity combined
with self-initiated care could lead to the early identification of
flares and treatment intensification while reducing appointment
frequency for stable patients. Furthermore, with implementation
of such measures, patients with RA may benefit from reduced
travel time, less work leave, and possibly reduced health care
costs.

There are dready many smartphone apps available for
self-monitoring of RA. However, high-quality apps are lacking
[11]. For instance, integration with electronic medical record
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(EMR) systems is practically nonexistent. Therefore, we
developed a new app. The developed app requests patients to
fill in aRoutine Assessment of Patient Index Data 3 (RAPID3)
questionnaire weekly for self-measurement of RA disease
activity [12,13]. If disease activity assessment indicates flares,
patients are instructed to contact the outpatient clinic through
the app. We expect the app to support self-initiated care and to
help achieve better disease activity management between
scheduled clinic visits.

Objective

The objective of this paper is to report a protocol for a
randomized controlled trial (RCT) that will test if we can safely
(noninferiority in terms of Disease Activity Score [DAS] 28)
reduce the number of outpatient clinic visits in patients with
RA who self-monitor their disease. If the results confirm our
hypothesis, we aim to implement our telemonitoring strategy
in the Dutch health care system.

Methods

Overview

The study will take place at Reade, a secondary rheumatol ogy
clinic in Amsterdam, the Netherlands. Reade developed the
smartphone app together with the software company Brightfish
BV (Amsterdam, the Netherlands), which offers advice and
assistance to ensure that important standards for cybersecurity,
software design, and software maintenance are met [14]. The
city of Amsterdam along withitssurroundingsisanideal setting
for this study, as network coverage in the Netherlands is
excellent, reaching as high as 96.8%, overall, and 100% in
Amsterdam [15]. Furthermore, over 87% of the Dutch adult
population owns asmartphone, and the mobile downl oad speed
currently ranks sixth worldwide [16,17].

Design, Test, and Redesign

Following the Medica Research Council guidance for
developing and evaluating complex interventions, the
development and evaluation of the app was carried out in three
distinct phases, which will be described in detail elsewhere
(manuscript in preparation) [18]. The process is presented in
Figure 1. Only the protocol for an RCT (phase II1) will be
reported here. The manuscript of the devel opment process and
pilot studiesisin preparation [19].

JMIR Res Protoc 2020 | vol. 9 | iss. 2| €15105 | p. 2
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Seppen et a

Figure 1. The design, test, and redesign approach in three distinct phases. In phase |, the app was developed and tested twice. A prepilot check (1a)
was performed to test usability. Subsequently, the app was tested in a mixed-methods pilot study (Ib). In phase I1, further development was performed
and the new app was re-evaluated with another mixed-methods pilot study (manuscript of pilot studiesin preparation) [19].

Set Design —| Develobment Testin Randomized
Requirements P - & = | Controlled Trial
IPhaseI Phase la
Timeline

Phase Ib

Phase |l

Phase Ill >

Phaselll: Protocol for aRandomized Controlled Trial

In the third phase of the development process, an RCT will be
performed. In this 1-year study, the safety and efficacy of
self-initiated care assisted by our app will be evaluated. The
proposed work process has been thoroughly evaluated with
physicians, researchers, and two patient partners. Multiple
meetings have been held to adjust and improve the process,
with involvement of patients and rheumatol ogists in each step.
Ultimately, all stakeholdersagreed on the strategy, and therefore,
we anticipate successful implementation of this proposed
renewed health care design, if it is clinically proven to be
successful.

The trial has been registered at Triaregister.nl, a publicly
avalable and freely searchable register for studies in the
Netherlands. The study has been approved by the research ethics
committee of the Amsterdam UMC. A total of 176 patientswill
be recruited at the outpatient clinic of Reade, a center for
rehabilitation and rheumatol ogy in Amsterdam, the Netherlands.
Asover 3000 patientswith RA are currently receiving outpatient
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clinic care at Reade, adequate recruitment is expected to be
feasible.

MijnReuma Reade App (MyRheumatism App)

Thebuilt app aimsto collect self-assessment questionnaire data
every week (Table1). Theuser isprompted by weekly reminders
sent by the app to fill out the questionnaire. If the user does not
fill out the questionnaire, another reminder is sent after 24 hours.
If the questionnaire is still not complete, another reminder is
sent 1 week after theinitial reminder. The app presents outcomes
over time in a graph and provides access to patient medical
records and information regarding RA (Figure 2). When a user
completes the questionnaire, the data from the app are
transmitted securely (transport layer security) to secure servers
on the hospital premises. The servers are connected to the Reade
EMR system. Datahandling isfully compliant with all relevant
Dutch privacy and security laws, including 1SO27001 and
General Data Protection Regulations. In the EMR system,
numerical scores and a graph of the self-assessment
guestionnaire data over time can be viewed by Reade health
care professionals (Figure 3).
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Table 1. Self-assessment questionnaire in the MijnReuma Reade App.

Domain Measure Number of questions
Function? mHAQP 10
Pain® NRS® (0-10) 1
Patient-Global® NRS(0-10) 1
Fatigue NRS (0-10) 1
Morning stiffness Minutes 1
Social participation Likert scale (0-3) 1
Sleep Likert scale (0-3) 1
Anxiety Likert scale (0-3) 1
Stress Likert scale (0-3) 1
Flare question Yes/no 1

#These items together form the Routine Assessment of Patient Index Data 3.
bmHAQ: modified health assessment questionnaire.
°NRS: numeric rating scale

Figure 2. The MijnReuma Reade App. Five separate screenshots illustrate the simple and comprehensive design and interface of the app. The second
screenshot from the left portrays one of the disease activity graphs.
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Figure 3. EMR dashboard. The EMR dashboard displays the results collected with the app. The data originate from the EMR itself, where they are
stored inreal-time after questionnaire compl etion in the app. The graph displays disease activity over time as measured by the RAPID3 (red) and DAS28
(blue). DAS28: Disease Activity Score 28; EMR: electronic medical record; RAPID3: Routine Assessment of Patient Index Data 3.
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Algorithm

The app sends an al ert to the user when the algorithm recognizes
aflare (Figure 4). The alert notifies the user of apossible flare,
provides links to self-management tips, and advises the user to
contact arheumatology nurseif necessary. Thealert isgenerated
when the RAPID3 value of the user increases by more than 2
points from the previous value and the current RAPID3 value
is >4 points. This threshold has been determined on the basis
of the findings in previous studies, in which aflare according
to the DAS28 corresponded with a RAPID3 increase between
1.5 and 2.3 points [9,20]. Furthermore, the cutoff of 4 points
corresponds very well to the patient- and physician-defined flare
cutoffs of 4.33 and 4.27, respectively [20]. Receiver operating

had 77.3% sensitivity and 77.6% specificity for patient-defined
flare and that a cutoff of 4.33 had 67.6% sensitivity and 85.3%
specificity for physician-defined flare. The discussed aternatives
included the RA flare questionnaire (RA-FQ) and FLARE-RA
score [9,21]. As remission criteria are not available for both
these assessments, three out of five RA-FQ domainsare captured
with the RAPID3, and RAPID3 values and FLARE-RA scores
are highly correlated (r=0.77), it was ultimately decided to use
the RAPID3-based algorithm [22]. An anchor question regarding
the presence of an RA flare (yes/no) wasincluded in the weekly
self-assessment  questionnaire (Table 1) to evaluate the
appropriateness of the threshold in this study [9].

Figure 4. Flare algorithm. The app generates an aert with a link to self-management tips and advice to contact the outpatient clinic in case of an
increased disease activity. Left: "Flare warning”. Right: "Your disease appears to be more active".
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Eligibility Criteria

The inclusion criteria are as follows: diagnosis of RA by a
rheumatol ogist; disease duration of at least 2 years; low disease
activity or remission (DAS28 <3.2) at thetime of inclusion; use
of adisease-modifying antirheumatic drug (DMARD); owning
a mobile device with an Android or iOS operating system
(implying mobile phone literacy); age of at least 18 years; and
ability to read and speak Dutch.

The exclusion criteria are as follows: medication change
involving initiation or discontinuation of a DMARD
(conventional [ methotrexate, cyclosporine, cyclophosphamide,
gold injections, hydroxychloroquine, leflunomide,
mycophenolate, sulfasalazine, and corticosteroids] or biological)
in the last 6 months and participation in another interventional
study.

Study Design

Outpatient clinic patients will be informed about the study by
their rheumatologist. If consent is given, they will be contacted
by thetrial physician (BS). They will beinvited for astudy visit
to discuss the study, sign the informed consent form, and
undergo screening for eligibility. The selected patients will be
randomized to one of the following two parallel groups: control
group and intervention group. Patients randomized to the control
group will continue usual care, and outpatient clinic visits are
planned as usual by their rheumatologist, on average 2-3 times
ayear. For patients randomized to the intervention group, only

Seppen et a

one outpatient clinic visit is planned at the end of thetrial period
(after 12 months). They will receive a username and password
for the app to alow monitoring of their own symptoms. If
necessary, they will be provided help to download the app from
the appropriate app store. During thefirst study visit, they will
be instructed on how to complete the weekly questionnaire
through the app. Additional follow-up visits will be scheduled
at the occurrence of flares as recognized by the app or at the
request of individual patients. Furthermore, at 6 months of the
intervention, the blood of the patientswill be tested (erythrocyte
sedimentation rate [ESR], hemoglobin level, leukocyte count,
aspartate aminotransferase level, and alanine aminotransferase
level) at the outpatient clinic. Patients will receive the results
of the blood tests over the phone. If trial patients do not complete
the weekly questionnaire for 4 weeks, they will be contacted to
investigate the reason for nonadherence. Nonadherence will not
lead to discontinuation of the trial for trial patients.

After 12 months, all patients will be seen by thetrial physician
for the second and final study visit. During the visit, a tender
and swollenjoint count will be performed by ablinded research
nurse or arheumatology resident. For patientsin theintervention
group, the number of flare reports will be collected and, if
applicable, the reason for not contacting the outpatient clinic
will be recorded.

During thetrial, al patientswill complete validated self-reported
questionnaires at 0, 3, 6, 9, and 12 months, using a web-based
system (Figure 5).

Figure5. Study design and outcomes over time. The control group continues regular care, usually with two or three preplanned outpatient clinic visits
(OCV5) (light blue box). The intervention group has only one preplanned OCV (blue box) and monitors symptoms using a smartphone app. All patients
completefive questionnaires during the study to compare secondary outcomes. CQR5: Compliance Questionnaire for Rheumatology 5; EC-17: Effective
Consumer Scale 17; PEPPI-5: 5-item Perceived Efficacy in Patient-Physician Interactions; RAPID3: Routine Assessment of Patient Index Data 3; SUS:
System Usability Scale; TiC-P: Treatment Inventory of Costs in Psychiatric Patients; TSQM-9: Treatment Satisfaction Questionnaire for Medication

9; WPAI: Work Productivity and Activity Impairment.
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be seen by arheumatology nurse. Patients will be asked about
possibleflares, associated symptoms, and medication adherence.
If the rheumatol ogy nurse cannot managetheflares, the patient’s
own rheumatologist or the on-call rheumatologist (when the

Flare

All patients, irrespective of the algorithm results or
randomization arm, will be allowed acute outpatient visits if
needed. If patients seek health care during the study, they will
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patient’s own rheumatologist is absent) will be notified by the
rheumatology nurse for further treatment.

Power Analysis

To evaluate the safety of app-supported self-initiated care, we
aim for noninferiority in terms of disease activity, as measured
by the difference in the mean DAS28 score between the two
study groups. Furthermore, we aim for superiority in terms of
the number of outpatient clinic visits, with a lower number
indicating a better result. Two sample size calculations are
performed to determine an appropriate sample size for both
hypotheses.

A sample size of 70 patients in each group has 90% power to
detect noninferiority using a one-sided two-sample t-test. The
margin of noninferiority is —0.3, and it corresponds to half of
theminimal clinically important difference of 0.6, according to
the EULAR response criteria. The true difference between
means is assumed to be 0.0. The significance level (alpha) of
the test is .05. The data are drawn from populations with a
standard deviation of 0.60, which can be generally assumed in
a stable group of patients with RA.

Asthe number of visitswill be analyzed and each patient might
have multiple visits, the sample size calculation needs to take
the exposure-adjusted rate into consideration to power the study.
Therefore, a Poisson test has been performed. The expected
decrease in visits is approximately 50%, as a recent
telemonitoring study in RA showed adecreasein visits of 58%
[23]. A samplesize of 22 patientsin each group has 90% power
at the 5% significance level to detect a difference of 25% (half
the expected difference) with the use of aone-sided two-sample
Poisson test. The exposure time is set at 6 months in the
calculation, but with an actual follow-up of 1 year, the power
will be even higher.

A sample size of 70 patientsin each group will have sufficient
power for both the clinical outcome and reduced appointment
frequency. Considering these calculations and accounting for
follow-up loss of 20% of patients, we plan to include 88 patients
in each group (total 176 patients).

Table 2. Secondary measures.

Seppen et a

Randomization Procedure

Participants will be randomized 1:1 to self-initiated care with
our app (intervention) or standard care (control). Randomization
and alocation will be performed by the author BS, using a
web-based randomization tool (Castor EDC, Ciwit BV,
Amsterdam, the Netherlands) to obtain variable blocks of two,
four, or six, with stratification for treatment (conventional or
biological DMARD). Castor buildsthe all ocation sequence and
performs randomization for the researcher, which can be
considered centralized randomization, without the risk of
allocation bias[24].

Blinding

The 28-joint tender and swollen joint count for the primary
outcome measure will be determined by ablinded research nurse
or rheumatology resident. These individual s have no treatment
relationship with the participants and will be instructed not to
look at the patient files prior to the examination. The nurse or
resident will be called during the study visit to perform the
examination. As in most eHealth trials, it will not be possible
to blind patients and health care providers caring for their
patients to treatment all ocation.

Outcome M easures

The primary outcome measures are health care utilization, as
measured by the number of outpatient clinic visits with a
rheumatologist during the 12-month trial period, and disease
activity, as measured by the DAS28-ESR at 12 months. A list
of secondary outcome measures and their assessment time points
are presented in Table 2 and Figure 5, respectively. The key
secondary outcomesinclude cost evaluation of the intervention
and adherence. Health care costs in the intervention group will
be compared with usual care costs from a societal perspective
as measured using the Treatment Inventory of Costs in
Psychiatric Patients questionnaire, which is adjusted for usein
RA patients, and medical information retrieved from the Reade
EMR system [25]. Furthermore, explorative analysis will be
performed to evaluate the relationship between user adherence
and disease activity.

Secondary measure Scale

Patient satisfaction 10-point Likert scale
Patient empowerment
Disease activity

Treatment satisfaction
Medication adherence

Effective Consumer Scale 17

Routine Assessment of Patient Index Data 3
Treatment Satisfaction Questionnaire for Medication 9
Compliance Questionnaire for Rheumatology 5

Work productivity Work Productivity and Activity Impairment
Overall cost Treatment Inventory of Costs?
Adherence Questionnaire completion rates

Qualitative data N/Ab

8adjusted for use in rheumatol ogy.
BNot applicable.
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Results

Recruitment is currently underway. We started recruitment in
May 2019, and it will continue until the goal of 176 participants
is reached. Thus far, 78 patients have been randomized and,
empirically, experiences with the app have been positive. Data
release in the form of aresearch paper is estimated by the end
of 2021.

Discussion

Summary and Strengths

This study will be the first randomized tria to test the safety
and efficacy of self-initiated care supported by a smartphone
app in patients with RA. Although several apps to monitor
disease activity exist and some of these apps have been tested,
to date, no studies have reported on the use of an app to support
patient-initiated care [26-28]. This study has been performed
in accordance with the relevant domains of the model for
assessment of telemedicine applications, as advised by the
European Commission guidelines, and meets the requirements
of the checklist on how to report hedth interventions using
mobile phones [29,30].

In a recent systematic review of mobile apps for monitoring
disease activity, alack of high-quality apps was reported [11].
The review suggested that apps should use validated
questionnaires and have a user-friendly interface. With the
design and redesign strategy and patient feedback in all stages,
we were able to develop a mobile app that meets the review
requirements. The app is easy for patients to use, visually
presentsdata, and incorporates useful information for physicians.
Furthermore, we secured technical support during the trial
period, as one of the devel opers of the app isapart of the project
team (FC). Additionally, we have ensured that this system is
integrated with the existing Reade EMR system to optimize
clinicians workflow in their busy daily clinical practice.
Integration of the app and its patient-reported outcome (PRO)
data with the existing EMR system has enormous research
potential. This has been recognized before but is often not
accomplished [31].

Expectations

We anticipate that the app will facilitate better comanagement
of the disease by rheumatologists and patients. Thiswill result
in early identification of disease flares and will lead to possibly
better interventionsfor patients requiring treatment adaptation.
Moreover, we expect a reduced appointment frequency for
patients, as unnecessary consultations will be prevented [23].
Furthermore, self-monitoring will improve patient engagement
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and empower patients to manage their own illness. We expect
a fair amount of missing data from the app owing to varying
engagements from our patients [32]. Our primary objective is
not to use the PRO datain statistical analyses, but to ensure that
thedataare useful to patients and rheumatol ogistsfor monitoring
and understanding the disease. Even if patients enter data only
once every 4 weeks, they will still have 4-6 times more data
about their disease status when compared with the data obtained
on visiting the rheumatol ogy outpatient clinic every 4-6 months.

Limitations

This study has several potential limitations. First, there is a
possibility of a ceiling effect of the secondary outcome
measures, as all participants will have low disease activity at
baseline and a disease duration of at least 2 years and might
score well in several of the secondary outcome measures, asis
often the case in the Dutch health care system. Second, the
addition of athird arm (patient-initiated care without the app)
has been discussed to allow evaluation of the effect of the app.
However, we opted against theinclusion of athird arm because
this would mean that information about disease activity could
be lacking for a full year, which is against current EULAR
guidelines. To avoid this unethical design, we selected adesign
similar to that used in the study by de Jong et a, in which the
telemedicine system IBDcoach led to a reduction in outpatient
clinic visits when compared with usua care [2]. Third,
generalizability is limited for three reasons. Firstly, we only
include patients who are in remission, and thus, patients with
high disease activity are excluded from this intervention.
Nevertheless, wethink that thisintervention isstill very relevant,
as there are unmet needs to reduce the number of outpatient
clinic visitsand detect flares early. Secondly, only patientswho
own amobiledevice and therefore are likely receptive to mobile
technology are included. However, we anticipate that this
selection excludes only a small percentage of individuals, as
the proportion of adults with a smartphone is growing and is
already at 87% [16]. Thirdly, the MijnReuma Reade App is
only accessible to patients at Reade presently, which limits
delivery at scale. We have however granted everyone accessto
the prototype app, which other hospitals can incorporate into
their own EMR systems.

Conclusion

Following a design, test, and redesign approach, we have
developed an app that alows patients with RA to monitor their
own disease activity. We anticipate that our app will safely
lower the need of patients for outpatient clinic visits. If proven
safe and effective in an RCT, our aim is to implement our
telemonitoring strategy in the Dutch health care system.

The authors would like to thank all patient partners who helped in the study. The study is supported by AbbVie. AbbVie had no
role in the design of this study and will not have any role during its execution, analyses, interpretation of the data, or decision to

submit results.

http://www.researchprotocols.org/2020/2/e15105/

JMIR Res Protoc 2020 | vol. 9 | iss. 2 | €15105 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Seppen et al

Authors Contributions

BFSand WHB wrote and edited the manuscript, BFSwasresponsible for study proceduresincluding obtaining informed consent,
WB, LR, and DvSinitiated the project, WHB, MA, and SDSR were responsiblefor the pilot studies, and al other authors provided
feedback and edited the manuscript.

Conflicts of Interest
The software for the smartphone app is owned by Brightfish BV, and author FC is cofounder of Brightfish BV.

Multimedia Appendix 1

The SPIRIT checklist.
[PDE File (Adobe PDF File), 148 KB-Multimedia Appendix 1]

References

1. Shelkh A, Sood HS, Bates DW. Leveraging health information technology to achieve the "triple aim™ of healthcare reform.
JAmM Med Inform Assoc 2015 Jul;22(4):849-856 [FREE Full text] [doi: 10.1093/jamia/ocv022] [Medline: 25882032]

2. deJong MJ, van der Meulen-de Jong AE, Romberg-Camps MJ, Becx MC, Maljaars JP, Cilissen M, et a. Telemedicine
for management of inflammatory bowel disease (mylBDcoach): a pragmatic, multicentre, randomised controlled trial.
Lancet 2017 Sep 02;390(10098):959-968. [doi: 10.1016/S0140-6736(17)31327-2] [Medline: 28716313]

3. JeminiwaR, Hohmann L, Qian J, GarzaK, Hansen R, Fox BI. Impact of eHealth on medication adherence among patients
with asthma: A systematic review and meta-analysis. Respir Med 2019 Mar;149:59-68. [doi: 10.1016/j.rmed.2019.02.011]
[Medline: 30803887]

4. KosseRC, Bouvy ML, deVries TW, Koster ES. Effect of amHealth intervention on adherence in adol escents with asthma:
A randomized controlled trial. Respir Med 2019 Mar;149:45-51. [doi: 10.1016/j.rmed.2019.02.009] [Medline: 30803885]

5. Wu X, Guo X, Zhang Z. The Efficacy of Mobile Phone Appsfor Lifestyle Modification in Diabetes: Systematic Review
and Meta-Analysis. IMIR Mhealth Uhealth 2019 Jan 15;7(1):€12297 [FREE Full text] [doi: 10.2196/12297] [Medline:
30664494]

6. PigaM, Cangemi |, Mathieu A, Cauli A. Telemedicinefor patientswith rheumatic diseases: Systematic review and proposal
for research agenda. Semin Arthritis Rheum 2017 Aug;47(1):121-128. [doi: 10.1016/j.semarthrit.2017.03.014] [Medline:
28420491]

7.  Smolen JS, Breedveld FC, Burmester GR, Bykerk V, Dougados M, Emery P, et a. Treating rheumatoid arthritis to target:
2014 update of the recommendations of an international task force. Ann Rheum Dis 2016 Jan; 75(1):3-15 [FREE Full text]
[doi: 10.1136/annrheumdis-2015-207524] [Medline: 25969430]

8.  Haugeberg G, Hansen |J, Soldal DM, Sokka T. Ten years of changein clinical disease status and treatment in rheumatoid
arthritis: results based on standardized monitoring of patientsin an ordinary outpatient clinic in southern Norway. Arthritis
Res Ther 2015 Aug 20;17:219 [FREE Full text] [doi: 10.1186/s13075-015-0716-0] [Medline: 26290061]

9.  Bykerk VP, Bingham CO, Choy EH, Lin D, Alten R, Christensen R, et al. Identifying flaresin rheumatoid arthritis: reliability
and construct validation of the OMERACT RA Flare Core Domain Set. RMD Open 2016;2(1):e000225 [FREE Full text]
[doi: 10.1136/rmdopen-2015-000225] [Medline: 27252895]

10. Hewlett S, Sanderson T, May J, Alten R, Bingham CO, Cross M, et al. 'I'm hurting, | want to kill myself': rheumatoid
arthritis flare is more than a high joint count--an international patient perspective on flare where medical help is sought.
Rheumatology (Oxford) 2012 Jan 05;51(1):69-76. [doi: 10.1093/rheumatol ogy/kegd55] [Medline: 21565901]

11. Grainger R, Towndey H, White B, Langlotz T, Taylor WJ. Apps for People With Rheumatoid Arthritisto Monitor Their
Disease Activity: A Review of Appsfor Best Practice and Quality. IMIR Mhealth Uhealth 2017 Feb 21;5(2):e7 [FREE
Full text] [doi: 10.2196/mhealth.6956] [Medline; 28223263]

12.  Pincus T, Swearingen CJ, Bergman M, Yazici Y. RAPID3 (Routine Assessment of Patient Index Data 3), arheumatoid
arthritisindex without formal joint counts for routine care: proposed severity categories compared to disease activity score
and clinical disease activity index categories. J Rheumatol 2008 Nov;35(11):2136-2147. [Medline: 18793006]

13. PincusT, Yazici Y, Castrején |. Pragmatic and scientific advantages of MDHAQ/ RAPID3 completion by all patients at
al visitsin routine clinical care. Bull NYU Hosp Jt Dis 2012;70 Suppl 1:30-36 [FREE Full text] [Medline: 23259656]

14. CatarinellaFS, Bos WH. Digital health assessment in rheumatology: current and future possibilities. Clin Exp Rheumatol
2016;34(5 Suppl 101):S2-S4 [FREE Full text] [Medline: 27762198]

15.  4Gdekking.nl. Vergelijk 4G dekking van alle providers URL : https.//www.4gdekking.nl/ [accessed 2019-10-22]

16. van Eekhout R. Van-ons. Digitaal in 2018 — Hoe staan we ervoor? URL: https.//van-ons.nl/blog/digital e-strategie/
digitaal -2018-hoe-staan-we-ervoor/ [accessed 2019-10-22]

17. Speedtest. Speedtest Global Index URL: https.//www.speedtest.net/global-index [accessed 2019-10-22]

18. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, Medical Research Council Guidance. Developing and
evaluating complex interventions: the new Medical Research Council guidance. BMJ 2008 Sep 29;337:a1655 [FREE Full
text] [doi: 10.1136/bmj.al1655] [Medline: 18824488]

http://www.researchprotocols.org/2020/2/e15105/ JMIR Res Protoc 2020 | vol. 9 | iss. 2 | €15105 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v9i2e15105_app1.pdf&filename=7455044da09330cfe959b0831d576cc7.pdf
https://jmir.org/api/download?alt_name=resprot_v9i2e15105_app1.pdf&filename=7455044da09330cfe959b0831d576cc7.pdf
http://europepmc.org/abstract/MED/25882032
http://dx.doi.org/10.1093/jamia/ocv022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25882032&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(17)31327-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28716313&dopt=Abstract
http://dx.doi.org/10.1016/j.rmed.2019.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30803887&dopt=Abstract
http://dx.doi.org/10.1016/j.rmed.2019.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30803885&dopt=Abstract
https://mhealth.jmir.org/2019/1/e12297/
http://dx.doi.org/10.2196/12297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30664494&dopt=Abstract
http://dx.doi.org/10.1016/j.semarthrit.2017.03.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28420491&dopt=Abstract
http://ard.bmj.com/cgi/pmidlookup?view=long&pmid=25969430
http://dx.doi.org/10.1136/annrheumdis-2015-207524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25969430&dopt=Abstract
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-015-0716-0
http://dx.doi.org/10.1186/s13075-015-0716-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26290061&dopt=Abstract
http://europepmc.org/abstract/MED/27252895
http://dx.doi.org/10.1136/rmdopen-2015-000225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27252895&dopt=Abstract
http://dx.doi.org/10.1093/rheumatology/keq455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21565901&dopt=Abstract
https://mhealth.jmir.org/2017/2/e7/
https://mhealth.jmir.org/2017/2/e7/
http://dx.doi.org/10.2196/mhealth.6956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28223263&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18793006&dopt=Abstract
http://hjdbulletin.org/files/archive/pdfs/504.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23259656&dopt=Abstract
http://www.clinexprheumatol.org/pubmed/find-pii.asp?pii=27762198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27762198&dopt=Abstract
https://www.4gdekking.nl/
https://van-ons.nl/blog/digitale-strategie/digitaal-2018-hoe-staan-we-ervoor/
https://van-ons.nl/blog/digitale-strategie/digitaal-2018-hoe-staan-we-ervoor/
https://www.speedtest.net/global-index
http://europepmc.org/abstract/MED/18824488
http://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Seppen et al

19.

20.

21.

22.

23.

24,
25.

26.

27.

28.

29.

30.

31.

32.

Seppen B, L'Ami M, Rico S, Ter WM, TurkstraF, Roorda L, et al. Development and testing of a smartphone application
to self-monitor disease activity in rheumatoid arthritis. Ann Rheum Dis 2019;78(Suppl 2):1384 [EREE Full text]

Bossert M, Prati C, Vidal C, Bongain S, Toussirot E, Wendling D. Evaluation of self-report questionnaires for assessing
rheumatoid arthritis activity: a cross-sectional study of RAPID3 and RADAIS5 and flare detection in 200 patients. Joint
Bone Spine 2012 Jan; 79(1):57-62. [doi: 10.1016/].jbspin.2011.03.014] [Medline: 21550283]

Berthelot J, De Bandt M, Morel J, Benatig F, Constantin A, Gaudin P, STPR Group of the French Society of Rheumatol ogy.
A tool to identify recent or present rheumatoid arthritis flare from both patient and physician perspectives: the 'FLARE'
instrument. Ann Rheum Dis 2012 Jul;71(7):1110-1116. [doi: 10.1136/ard.2011.150656] [Medline: 22072015]

Fautrel B, Morel J, Berthelot J, Constantin A, De Bandt M, Gaudin P, STPR Group of the French Society of Rheumatol ogy.
Validation of FLARE-RA, a Self-Administered Tool to Detect Recent or Current Rheumatoid Arthritis Flare. Arthritis
Rheumatol 2017 Feb;69(2):309-319. [doi: 10.1002/art.39850] [Medline: 27636400]

deThurah A, Stengaard-Pedersen K, Axelsen M, Fredberg U, Schougaard LMV, Hjollund NHI, et al. Tele-Health Followup
Strategy for Tight Control of Disease Activity in Rheumatoid Arthritis: Results of a Randomized Controlled Trial. Arthritis
Care Res (Hoboken) 2018 Mar;70(3):353-360 [FREE Full text] [doi: 10.1002/acr.23280] [Medline: 28511288]
CastorEDC. Castor URL: https://www.castoredc.com/ [accessed 2020-01-02]

Bouwmans C, De Jong K, Timman R, Zijlstra-Vlasveld M, Van der Feltz-Cornelis C, Tan Swan S, et al. Feasihility,
reliability and validity of a questionnaire on healthcare consumption and productivity lossin patients with a psychiatric
disorder (TiC-P). BMC Health Serv Res 2013 Jun 15;13:217 [FREE Full text] [doi: 10.1186/1472-6963-13-217] [Medline:
23768141]

Wang P, Luo D, Lu F, Elias JS, Landman AB, Michaud KD, et al. A Novel Mobile App and Population Management
System to Manage Rheumatoid Arthritis Flares: Protocol for a Randomized Controlled Trial. IMIR Res Protoc 2018 Apr
11,7(4):e84 [FREE Full text] [doi: 10.2196/resprot.8771] [Medline: 29643053]

Mollard E, Michaud K. A Mobile App With Optical Imaging for the Self-Management of Hand Rheumatoid Arthritis: Pilot
Study. IMIR Mhealth Uhealth 2018 Oct 29;6(10):€12221 [FREE Full text] [doi: 10.2196/12221] [Medline: 30373732]
Nowell WB, CurtisJR, Nolot SK, Curtis D, Venkatachalam S, Owensby JK, et al. Digital Tracking of Rheumatoid Arthritis
Longitudinally (DIGITAL) Using Biosensor and Patient-Reported Outcome Data: Protocol for a Real-World Study. IMIR
Res Protoc 2019 Sep 26;8(9):e14665 [FREE Full text] [doi: 10.2196/14665] [Medline: 31573949]

Kidholm K, Ekeland AG, Jensen LK, Rasmussen J, Pedersen CD, Bowes A, et al. A model for assessment of telemedicine
applications: mast. Int J Technol AssessHealth Care 2012 Jan;28(1):44-51. [doi: 10.1017/S0266462311000638] [Medline:
22617736]

Agarwal S, LeFevre AE, Lee J, L'Engle K, Mehl G, Sinha C, et al. Guidelines for reporting of health interventions using
mobile phones: mobile health (mHealth) evidence reporting and assessment (MERA) checklist. BMJ 2016;352:i1174.
[Medline: 26988021]

Jensen RE, Snyder CF, Abernethy AP, Basch E, Potosky AL, Roberts AC, et a. Review of electronic patient-reported
outcomes systems used in cancer clinical care. JOncol Pract 2014 Jul;10(4):€215-e222 [FREE Full text] [doi:
10.1200/JOP.2013.001067] [Medline: 24301843]

Donkin L, Christensen H, Naismith SL, Nea B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. JMed Internet Res 2011;13(3):e52 [FREE Full text] [doi: 10.2196/jmir.1772] [Medline:
21821503]

Abbreviations

DAS28: disease activity score 28

DMARD: disease-modifying antirheumatic drug
EMR: electronic medical record

ESR: erythrocyte sedimentation rate

EULAR: European League Against Rheumatism
FQ: flare questionnaire

IBD: inflammatory bowel disease

PRO: patient-reported outcome

RA: rheumatoid arthritis

RAPID3: Routine Assessment of Patient Index Data 3
RCT: randomized controlled trial

http://www.researchprotocols.org/2020/2/e15105/ JMIR Res Protoc 2020 | vol. 9 | iss. 2| 15105 | p. 10

(page number not for citation purposes)


https://ard.bmj.com/content/78/Suppl_2/1384.1
http://dx.doi.org/10.1016/j.jbspin.2011.03.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21550283&dopt=Abstract
http://dx.doi.org/10.1136/ard.2011.150656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22072015&dopt=Abstract
http://dx.doi.org/10.1002/art.39850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27636400&dopt=Abstract
https://doi.org/10.1002/acr.23280
http://dx.doi.org/10.1002/acr.23280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28511288&dopt=Abstract
https://www.castoredc.com/
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-13-217
http://dx.doi.org/10.1186/1472-6963-13-217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23768141&dopt=Abstract
https://www.researchprotocols.org/2018/4/e84/
http://dx.doi.org/10.2196/resprot.8771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643053&dopt=Abstract
https://mhealth.jmir.org/2018/10/e12221/
http://dx.doi.org/10.2196/12221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30373732&dopt=Abstract
https://www.researchprotocols.org/2019/9/e14665/
http://dx.doi.org/10.2196/14665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573949&dopt=Abstract
http://dx.doi.org/10.1017/S0266462311000638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22617736&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26988021&dopt=Abstract
http://europepmc.org/abstract/MED/24301843
http://dx.doi.org/10.1200/JOP.2013.001067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24301843&dopt=Abstract
http://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Seppen et al

Edited by G Eysenbach; submitted 21.06.19; peer-reviewed by R Grainger, X Guo; comments to author 03.10.19; revised version
received 28.11.19; accepted 03.12.19; published 19.02.20

Please cite as:

Seppen BF, L'ami MJ, Duarte dos Santos Rico S, ter Wee MM, Turkstra F, Roorda LD, Catarinella FS van Schaardenburg D,
Nurmohamed MT, Boers M, Bos WH

A Smartphone App for Self-Monitoring of Rheumatoid Arthritis Disease Activity to Assist Patient-Initiated Care: Protocol for a
Randomized Controlled Trial

JMIR Res Protoc 2020;9(2):€15105

URL: http://www.researchprotocols.org/2020/2/€15105/

doi: 10.2196/15105

PMID: 32130182

©Bart F Seppen, Merel JL'ami, Sharon Duarte dos Santos Rico, Marieke M ter Wee, Franktien Turkstra, Leo D Roorda, Fabio
S Catarinella, Dirkjan van Schaardenburg, Michael T Nurmohamed, Maarten Boers, Wouter H Bos. Originally publishedin IMIR
Research Protocols (http://www.researchprotocol s.org), 19.02.2020. Thisis an open-access article distributed under the terms of
the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly
cited. The complete bibliographic information, alink to the original publication on http://www.researchprotocols.org, aswell as
this copyright and license information must be included.

http://www.researchprotocols.org/2020/2/e15105/ JMIR Res Protoc 2020 | vol. 9 | iss. 2| €15105 | p. 11
(page number not for citation purposes)

RenderX


http://www.researchprotocols.org/2020/2/e15105/
http://dx.doi.org/10.2196/15105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130182&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

