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1 | INTRODUCTION

The treat-to-target approach for rheumatoid arthritis (RA) achieves
better outcomes for people with RA; however, rheumatology ser-

vices may struggle to meet the service and care requirements.

| Hermaleigh Roberta Townsley?

| Catherine Anna Ferguson® |
| William John Taylor?2

Abstract

Aim: Best practice management for rheumatoid arthritis (RA) involves regular clinical
assessment of RA disease activity. This is not achievable with current rheumatology
systems of care. We aimed to use opinions from people with RA and their specialist
rheumatology healthcare professionals to inform development of a mobile app for
people with RA for recording their disease activity data for potential integration into
clinical service, and assess usability of the app.

Method: In phase 1 we interviewed nine people with RA and seven healthcare pro-
fessionals. In phase 2 we developed an app with professional software developers.
In phase 3 we evaluated app usability for people with RA using the System Usability
Scale (SUS).

Results: Interview data showed four themes regarding functionality and implementa-
tion of a patient-held app in RA care: (a) variable app acceptance and readiness; (b)
app use to reduce barriers; (c) pros and cons of patient-reported outcomes; and (d)
allocation of clinics by need. The app developed has high usability in people with RA
using the app on their own device for a month (SUS 79.5, n = 16) or using the app on
a study device for 10 minutes (SUS 83, n = 100).

Conclusion: People with RA and healthcare professionals have clearly identified fea-
tures, benefits and risks of an app for self-assessment of RA and incorporation into
clinical care. An app developed informed by these opinions has high usability. Next
steps are development and validation of a method of patient-performed joint counts,

and implementation, with evaluation, in the clinical setting.
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Treat-to-target mandates initial monthly review for assessment of
disease activity, using a composite disease activity (CDA) instrument,
and optimization of treatment.?® Once remission or low disease ac-
tivity state is reached, review with CDA calculation is recommended

every 3-6 months. Even high-income countries have insufficient
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rheumatologists to meet this care need*® with limited rheumatology
services in regional and rural areas.®” Current care does not con-
sistently implement treat-to-target practices, with CDA scores re-
corded in less than half of clinic visits in real-world settings.8'° Even
in rheumatology practices that have enrolled in the Rheumatology
Informatics System for Effectiveness continuous quality registry,
only 55% of care providers record CDA in at least 50% of clinic visits
for RA. To achieve widespread and effective adoption of the treat-
to-target strategy in RA will require changes in models of care.'?

New models of service delivery for people with RA, that include
nurse-led clinics and patient-initiated review have been shown to be
clinically and cost effective®®? but still require personnel and a face-
to-face visits for assessment of RA disease activity. A Danish study
followed people with established RA with low disease activity, who
received telephone monitoring by a rheumatology nurse or rheuma-
tologist. Follow up was informed by a computer-generated self-re-
port RA flare tool, and showed non-inferiority of RA disease activity
at 1 year compared to routine clinic visits.?® These data suggest new
models of care informed by patient report of disease activity mea-
sures may achieve good outcomes for people with RA, without the
requirement for regular face-to-face clinical review. This could be
implemented via mobile applications (apps) and the internet.?%?2

Accumulating evidence suggests the goal of remote patient
assessment of RA disease activity via mobile apps or web-based
software is feasible, sufficiently accurate and desirable. Preliminary
small studies with bespoke mobile apps confirm RA-related impair-
ments do not hinder mobile app data entry?® and self-reporting may
increase empowerment and facilitate shared decision making.?*
Over the short term patient self-report of RA disease activity via
a web-portal with the Routine Assessment of Patient Index Data
(RAPID-3 or -4) has high correlation with rheumatologist-assessed
Disease Activity Score of 28 joints (DAS-28) at baseline (r = .63) and
12 weeks (r = .66).2> A UK-based rheumatology service has over-
come the barrier of lack of suitable commercially developed mobile
apps?®?” by developing a bespoke mobile app for recording and
transmission of patient-generated disease activity for people with
RA and inclusion of these data in the electronic health record.?* In a
3-month evaluation in a research clinic 20 people with RA and two
clinicians found this approach feasible and viewed it as positive in
enabling patient-centered consultations. Clinical outcomes were
not evaluated and issues of technical implementation in real-world
settings, impacts on workflow, and clinical processes were not ad-
dressed. Although remote app-based RA disease monitoring has
promise, these factors will need consideration in any setting plan-
ning to implement RA disease monitoring via mobile technology.

In Aotearoa/New Zealand (NZ) the taxpayer-funded health sys-
tem has long struggled to provide rheumatology specialist care to a
growing, aging and geographically dispersed population.® As smart-
phone penetrance in NZ is high, even among low socio-economic
status communities, and some geographic areas do not have easy ac-
cess to rheumatology services, exploration of rheumatology service
provision supported by patient-generated health data and needs-

based appointment scheduling of RA management is of interest.

Any remote monitoring patient management system is more than
just software. The input of the users in software development and
integration into redesigned services is of utmost importance. In the
setting of developing an app for patient-generated health data re-
porting and needs-based appointment scheduling for follow up of
people with RA, our research questions were: what are the require-
ments for an app for patient-generated health data reporting; what
are the opinions and readiness of people with RA and members of
healthcare teams caring for people with RA about using an app as
part of needs-based service provision; and what are opinions of peo-
ple with RA on an app developed informed by these data? In partic-
ular the aims of this study are to:

1. Assess the opinions of people with RA and healthcare profes-
sionals regarding (a) design and functionality, and acceptability
and usefulness of an app to complement current service and
(b) pros and cons of this approach for assessment of disease
activity and organization of monitoring of patient-generated
health data and face-to-face visits.

2. Develop an app, informed by information gained from interviews.

3. Assess the usability of the app.

We report a 3-stage study: phase 1 stakeholder interviews;
phase 2 app development; and phase 3 evaluation of app usability in
research and real-world clinic settings.

2 | METHODS
2.1 | Phase one: stakeholder interviews
2.1.1 | The setting and participants

The Wellington Regional Rheumatology Unit (WRRU) at Hutt
Hospital, Hutt Valley, NZ is a referral rheumatology service for a
population of approximately 500 000 people, in both urban and rural
areas. WRRU employed six rheumatologists (all part-time, total full-
time equivalent 2.6), one rheumatology registrar and four specialist
nurses. People with RA who had attended WRRU in a 3-month pe-
riod were phoned in sequence by a research assistant (FR, CAF) in-
viting participation in an interview about use of apps to monitor RA.
Eligible participants were over 18 years of age, had a diagnosis of RA
according to the American College of Rheumatology 2010 criteria®®
and spoke English. Exclusion criteria were cognitive impairment or
inability to be available for a 1-hour interview. Four rheumatologists
and three rheumatology nurses from the WRRU volunteered to par-

ticipate and were individually interviewed.

2.1.2 | Interviews and data analysis

All eligible people with RA telephoned agreed to and completed an

interview. Semi-structured interviews were undertaken in person
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or by telephone/skype at the participant's preference. Interviews
were based on a schedule developed by two rheumatologists (RG,
WT) which focused on technology use, use of patient-reported out-
comes measures in management of RA, mobile app functionality,
barriers and facilitators to app use, and the potential impacts of app
implementation on service provision and experience (Appendix 1).
The interview schedule was not piloted. Of the nine people with RA
interviewed, one research assistant interviewed the first five (FR, fe-
male medical student, Bachelor degree) and the remaining four were
performed by a second research assistant (CAF, female research as-
sistant previously trained as a dentist, Bachelor degree). Each under-
went training with research lead (RG, female, rheumatologist, PhD,
experienced in qualitative research). Both interviewers met with RG
after the first interview to review the process. Participants were
aware of RG's involvement and that interviewers were employed to
undertake interviews. Open-ended prompts were used to explore
participant opinions. All interviews were audio recorded and tran-
scribed verbatim. Field notes were made at the time of interview
to support interpretation of interviews. Interviews were ceased
once no new ideas were being offered (ie, saturation reached). The
interview schedule for people with RA was adapted for the health
professional interviews to explore aspects of app development and
how data would be handled at the WRRU and possible impacts on
practice (Appendix 2). All interviews with healthcare professionals
(HCPs) were undertaken by 1 researcher (CAF).

Data were managed in Microsoft Word documents Version 16.0
(Microsoft Corporation). Content analysis with latent meaning was

used as methodological framework?’

and subject to thematic anal-
ysis.2%3! Two researchers (RG, FR) coded the first five participant
transcripts by reading the transcripts repeatedly, systematically
coding each unit of information (a sentence or part of a sentence)
using key words or phrases to set up the basic parameters of the

analysis. Codes that clustered into themes were identified and

(8) (

step1

(A)

C)

How much pain have you had because of your arthritis in Your left
the past week? Place a mark on the line to indicate the

severity of the pain

10

No pain

Considering all the ways that your arthritis affects you
how well are you doing

i
¥

RACONNECT

RHEUMATOID ARTHRITIS
ACTIVITY MONITORING

MEDICATION TRACKING

HISTORY

PATIENT INFO

RA Activity Monitoring

Very we Very poorly
“ s
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themes reviewed and named. Where uncertainty or differences in
coding occurred, a discussion was held to achieve convergence. A
constant comparative approach was taken to ensure coding catego-
ries were consistently used. The codes were then grouped together
to form categories which became the main themes of the analysis.
One researcher (RG) coded the remaining transcripts. Once all the
transcripts were coded, RG and CAF reviewed randomly selected
transcripts to ensure consistency of coding. Transcripts were not
returned to participants for checking or to provide feedback on
themes. Data are reported according to the Consolidated Criteria
for Reporting of Qualitative Research (COREQ) guidelines32 and the
COREQ checklist is provided (Appendix 3).

2.2 | Phase 2: app development

The interview data informed the required content and functionality
of an app for patient-generated health data for people with RA in
this NZ rheumatology service. A mobile app was developed for both
Android and iOS by a commercial software development company
(Codeflugel™) using agile project management approach with the de-
sign team including a rheumatologist (RG), a computer scientist with
expertise in human-computer interface (TL) and a software devel-
oper from Codeflugel. The development team met weekly by Skype
to review progress and provide feedback, which was incorporated
in an iterative manner. User manuals for iOS and Android were pre-
pared to describe how to download the app and instructions on how
to download and navigate the app.

The app, called RAConnect, is designed to be held on the phone
of a person with RA (Figure 1). Functionality includes: (a) data col-
lection function for RA-relevant validated instruments (all detailed
in Anderson et al®®): Health Assessment Questionnaire Il (HAQ-11),

patient global assessment, 28 swollen and tender joint count,

{Back  RA Activity Monitoring ® { Back Results (@)
Step 4 _
Pain 51
Your right Right hand
Global Assessment 5.1
o Function 08
° Tender Joint Count 5
*

Swollen Joint Count 3

PASII 4.30)

This score indicates you currently have a moderate
level of arthritis activity

Your CRP value

® @

FIGURE 1 RA connectapp screen shots. A, Menu. B, Health assessment questionnaire. C, Joint counts-body. D, Joint count-hand detail,

E, Summary data
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calculates CDA measures (Patient Activity Scale Il [PASII], and the
patient-reported DAS-28 C-reactive protein [DAS-28-CRP]), along
with patient-generated free text comments; (b) medication record-
ing for all commonly used conventional and biologic disease-mod-
ifying anti-rheumatic drugs (DMARDs, including start date, dose,
stop date and free text for reasons for stopping); and (c) genera-
tion of an email report of data to a designated email address, in-
tended to be the treating rheumatologist or rheumatology service.
The app supports direct integration with Hutt hospital electronic
health records using a secure connection. Although it may have
been desirable to have 2-way messaging incorporated into app
functionality, this was not possible within the information technol-
ogy infrastructure of the hospital. All data entered is stored on the
phone, and can be accessed at any time by the app user. The clini-
cal workflows, for example how healthcare professionals monitor
and respond to patient-reported data, and patient data entry man-
agement, for example how often patients enter data and reminders

for patient data entry, are outside the scope of this manuscript.

2.3 | Phase 3: usability testing

The appropriateness of RAConnect for RA patient-generated health
data reporting (ie, usability in a specific context) was assessed with
the Systems Usability Scale (SUS).3* Each of the 10-item questions
in the scale were contextualized to RAConnect and had a 5-point
Likert scale with anchors O = strongly disagree and 4 = strongly
agree. Mean scores and standard deviations were calculated for
each item and overall score calculated.3* SUS scores range from 0
(poor) to 100 (excellent).

Usability testing of the app with people with RA was undertaken
in two ways: with people using the app on their own phone or tablet
for 1 month and with people with RA using the app once immedi-

ately before their routine rheumatologist clinic visit.

2.3.1 | Testing on participants' devices

Participants in stakeholder interviews and people participating in a
patient-opinion online platform coordinated by a rheumatologist at
WRRU were invited to participate by email, and people attending
the rheumatology clinic were invited to participate via a phone call
from a research assistant (HT). Formal sample size calculation was
not performed and the recruitment period limited to 1 month. After
written informed consent was obtained, participants provided de-
mographic and disease information. Participants were then emailed
the user manual appropriate for their device and asked to download
and install RAConnect. If participants had not been able to down-
load RAConnect, downloading was completed via phone support.
Participants were asked to use RAConnect at least once a week for
4 weeks by filling out the ‘RA Activity Monitoring’ section. This in-
cludes the HAQ-II, patient global assessment, 28 swollen and tender

joint counts and automatic calculation of CDA. Participants were

not prompted or reminded to use RAConnect. Reports of partici-
pant data were sent to a research email address. Participant report-
ing data frequency were analyzed using summary statistics. After
4 weeks, participants completed the RAConnect-contextualized

SUS via an online survey.

2.3.2 | Testing before clinic visit

At rheumatology clinics in NZ public hospitals (WRRU, Christchurch
hospital and Dunedin hospital) 100 people with RA were prospec-
tively recruited to use RAConnect on a smartphone (Samsung
Galaxy J1ace running Android) immediately before a scheduled clinic
appointment. Participants completed data collection in RAConnect.
A research assistant was present to answer questions but provided
no prompting. Participants then completed a paper version of
RAConnect-contextualized SUS.

2.4 | Ethics

The Central Health and Disability Ethics Committee approved the
interview and longitudinal usability study (14/CEN/208) and the
clinic visit usability study (which was part of a larger project to be
reported separately, [16/NTB/102]). Participants provided written,
informed consent.

3 | RESULTS

3.1 | Phase 1: stakeholder interviews with people
with RA and healthcare professionals

Nine people with RA (seven female, two male) aged 27-79 years,
with duration of RA of 1-26 years and current low or moderate RA
disease activity were interviewed (Table 1). Seven HCPs (five fe-
male [three rheumatology nurses, two rheumatologists] and two
male [rheumatologists]) were interviewed. Details of demograph-
ics of HCPs are not provided to avoid identification from publicly
available information. Mean interview duration was 30 minutes
with range from 14-46 minutes. No additional people were present
at interviews.

Four main themes were identified in the interview data to inform
the research questions: (a) variable app acceptance and readiness; (b)
app use to reduce barriers; (c) pros and cons of patient-reported out-
comes; (d) allocation of clinics by need. These themes are expanded

below with illustrative quotes in Tables 2-5.

3.2 | Variable app acceptance and readiness

People expressed differing enthusiasm and interest for using an

app as part of RA disease monitoring, management and health
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TABLE 1 Characteristics of people with rheumatoid arthritis participating in interviews

Duration of
Gender Age,y RA,y DAS28-CRP?
F 62 10 2.77
F 60 3 3.74
M 79 1 1.71
F 48 6 2.82
M 58 26 3.51
F 33 9 2.80
F 27 12 1.89
M 48 8 2.21
F 37 1 2.74

Mode of
interview

Smartphone

DMARD bDMARD ownership

Phone
Phone
Phone
Phone
Phone
Phone

IP

< < < < < < =< <
< < < < < zZz < <
< < < < <z < zZ

Phone

=<
z
=<

Phone

Abbreviations: bDMARD, biologic disease-modifying anti-rheumatic drugs; DMARDS disease-modifying anti-rheumatic drugs; IP, in person.

European League Against Rheumatism Disease Activity Score of 28 joints C-reactive protein (DAS-28-CRP)* criteria at most recent clinic visit,

within 3 mo of interview.

care. Some people with RA were very enthusiastic, while others ex-
pressed interest moderated by concerns about sufficient technical
skills or reduction in clinician contact. One person with RA had no
interest in app use but acknowledged that younger people with RA
were likely to have high interest. HCPs accepted that their patients,
current and future, will expect use of apps as part of RA manage-
ment. However, HCPs were concerned technical demands could
exceed their own abilities, and those of their patient’, especially in
terms of app download and training. There was also concern about
increased workload and change in workflow to monitor and respond

to patient-generated health data.

3.3 | App use to reduce barriers

People with RA felt that having an intuitive app designed specifi-
cally for people with RA and integrated with their rheumatology
service would enhance their engagement in care and reduce bar-
riers to accessing care. An app was perceived as an easy method
to seek information and reassurance from rheumatology nurses
and rheumatologists via short messages. RA was not considered

a barrier to data input on a smartphone by any people with RA,

TABLE 2 Quotes supporting variable

. uotes
app acceptance and readiness themes Q

interested.

to this stuff.

acknowledging that smartphone screens are small. People with
RA required a simple mechanism for data input. People with RA
were not concerned about the security of data or risk of privacy
breaches.

3.4 | Pros and cons of patient-reported-outcomes

Two-thirds (6/9) of people with RA recalled completing paper-based
patient-reported outcomes at rheumatology clinics. However, none
were familiar with the concept of 28 tender and 28 swollen joint
counts contributing to a composite disease activity instrument or
indeed the existence of CDAs. Despite this, all people with RA saw
some personal benefit to completing the RA-relevant health data in-
struments on an app on their smartphone, if this summarized their
current RA disease activity as low, medium or high. Some participants
were concerned that the proposed RA-related instruments failed to
capture some pain and function aspects of their lived experience.
They wished to have ability, within the app, to add free text to com-
municate the current impact of RA disease. HCPs expressed some
ambivalence over the concept of patient-generated health data as
they felt people with RA may report frequently, as often as daily,

Age (y) and gender
I use my phone all the time...like every 5 minutes that I'm 33 female
awake. | don't think anyone my age or under would have a
problem doing that but... some older patients might not be
I'm believing on...talking to humans on the phone instead of 79 male
machines. That's preferred to me, cos you guys were born
Some patients will be freaked out by the technology aspect Nurse

of the app. They will need good education on how to use
the app and a good patient help desk where any questions
could be answered by someone who spoke in lay person's

language.
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TABLE 3 Quotes supporting app use to

Age . . .
- reduce barriers in interview data
(y) and

lllustrative quotes gender
| can...tap something twice without meaning to so...it will just require you to, you 58 male

know, think about things for a minute
You can find the phone's a little bit small to do some things on 48 male
It's good to be able to email or text somebody because at the moment if something 48 male

is not quite right you gotta go through the booking or usually | go to the GP and

then another referral and...it's takes a bit of time
| think that would be useful as sometimes it's a bit scary for me, not understanding 60

something properly, if you could send a text, that way it makes you feel more female

reassured
Cos sometimes I've had things to ask about and just a few texts back and forth can 48

answer the problem and | didn't need to go all the way in and they didn't need to female

make a time to see me

TABLE 4 Quotes supporting app pros
Age (y) and . .
. and cons of patient-reported outcomes in
lllustrative quotes gender . i
interview data

I think it's important to know where you are at quite honestly. The app 60 female

would answer a lot of questions to know why you're feeling so rotten
Somewhere there should be some inclusion about feet though, but | don't 33 female

know where they'd put it if it isn't part of that calculation. Because me feet

are quite affected
Would there be any room for comment instead of just yes or no...because 48 male

some of the questions are, just ah, don't quite suit. Well, like getting in and
out of a car, that a good one for me because | am a mechanic so | have a lot
of difficultly doing that. But also we work underneath cars and you're lying
on the ground and getting up from the ground and things like that is very
difficult also

If they came and said ‘my DAS has changed it is getting better or worse, it
means they have some feeling it is flaring. Them having some control over

Rheumatologist

it | think would be brilliant.’

Abbreviation: DAS, Disease Activity Score.

which they felt would be excessive. Furthermore, HCPs had concern
that people with RA seeing quantification of self-reported measures
could have an increase in RA-related anxiety. Conversely, providing
an app for self-reporting health data was considered a mechanism
to empower self-management. Rheumatologists felt that this would
give useful information about patients' disease between clinic visits

to give a more comprehensive view of the patient lived experience.

3.5 | Allocation of clinic by need

People with RA highly valued face-to-face clinic visits with rheuma-
tologists and nurses. However, they acknowledged that prioritizing
allocation of clinic visits, according to patient-generated RA disease
activity via an app, would be acceptable and fair when demand ex-
ceeded capacity. HCPs also valued face-to-face care but recognized
that patient-generated health data reporting via an app could enable
less frequent review in an equitable manner. In contrast, one rheu-

matologist felt that a remote reporting system could lead to people

without smartphones or technical expertise being disadvantaged

with respect to access to care.

3.5.1 | Usability testing

Sixteen people with RA were recruited, from various sources, to
use RAConnect on their device for a 4-week period. Seven of the
46 people with RA enrolled in the patient-opinion online platform
participated, a response rate of 15%. Four of the nine people with
RA interviewed in phase 1 participated, a response rate of 44%.
Five participants were recruited from rheumatology clinics held
at WRRU. Most participants were female (11/16, 69%), mean age
was 56.6 years (range 28-71 years); only one participant was under
40 years of age, nine were 41-60 years and six aged over 60 years
old. Devices used were iPhone (n = 7), iPad (n = 2), Android smart-
phone (n = 5), and Android tablet (n = 2). All participants had com-
pleted secondary level education and 75% (12/16) had tertiary

level education. Participants completed the RA Activity Monitoring
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TABLE 5 Quotes supporting app use

. .. - . Illustrati t A d d
for allocation of clinic by need in interview LS LS A EnE] e
data I am very lucky with my rheumatoid as there are a lot of people 62 female
that have got it much worse. So | would rather that they have the
appointment that | have... this way (the app self-report) Dr X can
see that I'm alright and somebody else can have that appointment
There would probably be less interaction with your specialist...but 60 female
I'd like to think that you know, if things were bad enough | actually
could still get to see her as often as | needed
| like the face-to-face appointments but great if it means that you 33 female
wouldn't need to go in unless you needed to
| think it would probably streamline appointments a bit because 33 female
they wouldn't need to sit there questioning you about the last
2 weeks when they've probably already seen what is going on
Yeah, just so they're not booking unnecessary appointments but 33 female

also you're not falling under the radar if you are actually really in a
lot of pain. Because | know some people with go, like nearly a year,
you know, without an appointment but they haven't actually said
they need one or rung up and said “Actually I'm pretty miserable. |
do need an appointment sooner than a year”

component of RAConnect a mean of 3.5 times (SD = 1.26) in the
4 weeks. All participants used RAConnect at least twice, and one
participant used RAConnect 6 times. The SUS score of RAConnect
for the 16 participants was 79.5.

The 100 people recruited from clinics were predominantly fe-
male (77%), mean age 60.2 years (range 33-83 years), duration of
RA 17.0 years (range 0.25-55 years) and 45% were using a biologic
DMARD. The overall SUS score for RAConnect for the 100 people

using RAConnect for 10 minutes before a clinic visit was 83.

4 | DISCUSSION

Our study reports that people with RA and their HCPs have similar,
cautiously positive opinions regarding a mobile app for people with
RA to record and report RA disease data. They offered similar po-
tential benefits and risks, and challenges of using patient-generated
health data in new models of care. An app developed, informed by
these views, received high usability scores from people with RA,
after use on their own device over the short term or brief use on a
provided phone. These scores were above the mean (69.69) and me-
dian (70.91) SUS reported in its evaluation from inception in 1986-
2008.%% The RAConnect SUS scores are on or above the 90th centile
(80) indicating high usability and are similar to the SUS reported for
online RA disease self-reporting software.?’

Patient and HCP opinions have been obtained in other settings
to inform the development of web or mobile apps for children and
adolescents with juvenile idiopathic arthritis®*®” and adults with
arthritis.>®% In a UK study young people with inflammatory arthri-
tis were positive about an app for self-monitoring, but felt ambiv-
alent about tracking symptoms at times of good disease control.3¢
Security or privacy issues were not a concern and young people
expressed a clear preference for social and peer support and engag-

ing design, including gamification. Our older patient group did not

request peer interaction via an app, with their design advice focusing
on function over enjoyment, perhaps as this was outside the scope
of an app proposed to them in the setting of service development.
In our study HCP ambivalence about patient-generated health data
reporting related to potential for increased anxiety about RA, not
reporting burden; while rheumatologists identified potential benefit
in gaining insight into daily lived experience of their patients. Indeed,
a recent UK study has reported that reviewing daily RA symptom
reporting in rheumatology clinics gave rheumatologists deeper in-
sight into day-to-day RA impact and enabled more patient-centered
consultations.?* Recently a Belgian study that interviewed adults
with inflammatory arthritis to inform self-management app develop-
ment also reported varying opinions about personal value of an app
for arthritis monitoring.®® Our study participants clearly identified
logs for reporting disease activity and medication reminders as key
desirable features for an app. Again, even people who felt app fea-
tures were not relevant to them personally acknowledged that other
people with arthritis might find them useful. This was also found in a
Swedish study engaging people with arthritis to inform development
of web software for self-management.®’ This emphasizes an app for
RA monitoring might be useful and of interest to anyone with RA,
but not everyone with RA.

The findings of our study have some parallels with the key
findings of a recent meta-synthesis of 43 qualitative studies of pa-
tient views on mHealth interventions for chronic diseases.*® Key
strengths of mHealth identified were patient empowerment and en-
gagement, which was expressed by participants in our study in the
theme of reduced barriers, with practical examples like the ability to
send short messages to clinical team members. Limitations identified
in the meta-synthesis included the technical and knowledge trust-
worthiness, personalization to the disease, appropriateness and ac-
cessibility. In our study we have addressed a priori trustworthiness
as the developers are the HCPs for the participants, and disease per-

sonalization, and appropriateness as the scope and purpose of the
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proposed app was carefully predefined. Our participants did identify
accessibility as a potential disadvantage of an app for RA, expressing
that not all people with RA would be interested in an app for RA
disease monitoring and communication, which creates potential for
inequitable service access. Interestingly our study identified poten-
tial challenges when incorporating mHealth into current healthcare
services as concern for both patients and HCPs, which was not iden-
tified in the meta-synthesis of extant literature. This might be be-
cause literature to date has largely focused on chronic disease apps
being considered as a patient-facing tool only, not as a mechanism
for interaction with HCPs to supplement or assist clinical care. This is
an important point as successfully leveraging of the potential of mo-
bile health will require people to be pro-active in self-management
of health conditions in partnership with HCPs.*! Although record-
ing of patient self-reported RA-related activity or impact is an ac-
cepted and encouraged component of high-quality clinical care, the
assessment of tender and swollen joint counts is usually done by a
rheumatologist. Therefore patient-self-reported joint counts, which
people with RA and rheumatologists endorsed to be included in a
patient-held app for RA, are not yet fully validated for use in eval-
uation of disease activity. A systematic review of the literature on
joint counts reported high reliability for tender joint counts for HCPs
and patients, while reliability for swollen joint counts was poorer for
patients than HCPs.*? However, previous work has confirmed that
scores in CDA measures for RA are similar to those derived from ul-
trasound-determined joint inflammation.*® Therefore sufficient data
exist to support further research to evaluate the reliability of patient
self-joint count as a component of disease activity measurement in
RA, which would be required before implementation of patient re-
porting as a means for remote monitoring and allocation of clinic
appointments. Furthermore, the frequency of app-reporting of RA
disease activity by people with RA, and if this is sufficient for clinical
purposes, will also need to be evaluated. In a feasibility study in the
USA, people with RA using an app to report symptoms for research,
showed a steady drop in use until only 11.3% of participants were
engaging with the app after 12 weeks.**

The limitations of this study need to be acknowledged. This qual-
itative approach by necessity limited sampling to a smaller number.
Although data saturation was reached, it is possible other partici-
pants may have provided different opinions. The participants also
volunteered their time so may have biases about the topic of explo-
ration, either favorable or unfavorable, that influenced the results.
Furthermore, qualitative data from a single site study may not be
generalizable. Interviews were chosen for logistic flexibility and to
allow participation by telephone of people from across the geographic
bounds of our service. It is possible that data collection by a focus
group could have elicited more nuanced information or other ideas. It is
possible that positive bias may have influenced the usability responses,
as participants were patients of the service which developed the app.
Results must be interpreted with these limitations in mind; however,
this study still signposts major areas of concern for people with RA
and their HCPs when considering implementation of mobile collection

of patient-generated health data for monitoring and service allocation.

While these results can guide implementation of an app into
rheumatology care, there are areas for further research. These
include the accuracy of patient-performed joint counts, the most
effective methods to teach patients to perform their joint counts,
technical and logistical barriers to implementation of self-mon-
itoring in the clinical setting. Although we have reported high
usability and interest in incorporating apps in RA clinical care,
it remains unknown if ongoing engagement in such apps would
be sufficient to support triage for clinic or supplement care.
Lastly, although this app was developed primarily for implemen-
tation into clinical care pathways, the utility of this app for data
collection in research or for quality improvement could also be
explored.

5 | CONCLUSIONS

People with RA and their healthcare providers have clear opinions
about the content and functions for an app for remote self-monitoring
of RA and how it could be incorporated into clinical care, including
risks and benefits. An app developed with these considerations in
mind demonstrates high usability for people with RA. Next steps are
development and validation of a method of patient-performed joint
counts, including training of patients, and careful implementation in
the clinical setting with evaluation.

ACKNOWLEDGEMENTS

The research was funded by grants from University of Otago, the
NZ Rheumatology Association and the Henry Cotton Trust. The
app development costs were provided by an unrestricted educa-
tional grant from AbbVie NZ. The authors wish to sincerely thank
the people living with RA for generously giving their time and
insights.

AUTHOR CONTRIBUTIONS

RG, TL and WJT designed the overall study with HRT, CAF, FER
also contributing to practical aspects of study design. RG, HRT,
CAF and FER acquired the data. RG, HRT, CAF, FER, TL and WJT
all contributed to data analysis. RG and HRT wrote first draft of
the manuscript and critically revised it for intellectual content,
with CAF, FER, TL and WJT all providing critical revision for intel-
lectual content. RG, HRT, CAF, FER, TL and WJT all approved the
final manuscript for publication and all agree to be accountable
for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately

investigated and resolved.

ORCID

Rebecca Grainger https://orcid.org/0000-0001-9201-8678
Hermaleigh Roberta Townsley https://orcid.
org/0000-0002-2517-722X
https://orcid.org/0000-0003-1275-2026

https://orcid.org/0000-0001-6075-8479

Tobias Langlotz
William John Taylor


https://orcid.org/0000-0001-9201-8678
https://orcid.org/0000-0001-9201-8678
https://orcid.org/0000-0002-2517-722X
https://orcid.org/0000-0002-2517-722X
https://orcid.org/0000-0002-2517-722X
https://orcid.org/0000-0003-1275-2026
https://orcid.org/0000-0003-1275-2026
https://orcid.org/0000-0001-6075-8479
https://orcid.org/0000-0001-6075-8479

GRAINGER ET AL.

International Journal of

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kilian A, Upton LA, Battafarano DF, Monrad SU. Workforce trends
in rheumatology. Rheum Dis Clin N Am. 2019;45:13-26.

Smolen JS, Breedveld FC, Burmester GR, et al. Treating rheumatoid
arthritis to target: 2014 update of the recommendations of an inter-
national task force. Ann Rheum Dis. 2016;75:3-15.

Singh JA, Saag KG, Bridges SL, et al. 2015 American College of
Rheumatology guideline for the treatment of rheumatoid arthritis.
Arthritis Rheumatol. 2016;68:1-26.

Deal CL, Hooker R, Harrington T, et al. The United States rheu-
matology workforce: supply and demand, 2005-2025. Arthritis
Rheumatol. 2007;56:722-729.

Harrison A. Provision of rheumatology services in New Zealand.
New Zealand Medical J. 2004;117(117):U846.

Brophy J, et al. Measuring the rheumatology workforce in Canada:
a literature review. J Rheumatol. 2016;43:1121-1129.

American College of Rheumatology Committee on Rheumatology
Training and Workforce Issues. Regional distribution of adult rheu-
matologists. Arthritis Rheumatol. 2013;65:3017-3025.

Taylor A, Bagga H. Measures of rheumatoid arthritis disease activ-
ity in Australian clinical practice. ISRN Rheumatol. 2011;2011:1-7.
Yu Z, Lu B, Agosti J, et al. Implementation of treat-to-target for
rheumatoid arthritis in the US: analysis of baseline data from a ran-
domized controlled trial. Arthrit Care Res. 2018;70:801-806.

Curtis JR, Chen L, Danila MI, et al. Routine use of quantitative
disease activity measurements among US rheumatologists: impli-
cations for treat-to-target management strategies in rheumatoid
arthritis. J Rheumatol. 2017;45:40-44.

Yazdany J, Bansback N, Clowse M, et al. Rheumatology informatics
system for effectiveness: a national informatics-enabled registry
for quality improvement. Arthritis Care Res. 2016;68:1866-1873.
Ford JA, Solomon DH. Challenges in implementing treat-to-target
strategies in rheumatology. Rheum Dis Clin N Am. 2019;45:101-112.
Ndosi M, Lewis M, Hale C, et al. The outcome and cost-effec-
tiveness of nurse-led care in people with rheumatoid arthri-
tis: a multicentre randomised controlled trial. Ann Rheum Dis.
2014;73:1975-1982.

Primdahl J, Sgrensen J, Horn H, Petersen R, Harslev-Petersen K.
Shared care or nursing consultations as an alternative to rheuma-
tologist follow-up for rheumatoid arthritis outpatients with low
disease activity—patient outcomes from a 2-year, randomised con-
trolled trial. Ann Rheum Dis. 2014;73:357-364.

Sgrensen J, Primdahl J, Horn H, Hgrslev-Petersen K. Shared care or
nurse consultations as an alternative to rheumatologist follow-up
for rheumatoid arthritis (RA) outpatients with stable low dis-
ease-activity RA: cost-effectiveness based on a 2-year randomized
trial. Scand J Rheumatol. 2014;44:13-21.

Ndosi M, Vinall K, Hale C, Bird H, Hill J. The effectiveness of nurse-
led care in people with rheumatoid arthritis: a systematic review. Int
J Nurs Stud. 2011;48:642-654.

Hewlett S, Kirwan J, Pollock J, et al. Patient initiated outpatient fol-
low up in rheumatoid arthritis: six year randomised controlled trial.
BMJ. 2005;330:171.

Hewlett S, Mitchell K, Haynes J, Paine T, Korendowych E, Kirwan
JR. Patient-initiated hospital follow-up for rheumatoid arthritis.
Rheumatology. 2000;39:990-997.

Kirwan J, Mitchell K, Hewlett S, et al. Clinical and psychological
outcome from a randomized controlled trial of patient-initiated di-
rect-access hospital follow-up for rheumatoid arthritis extended to
4 years. Rheumatology. 2003;42:422-426.

Thurah A, Stengaard-Pedersen K, Axelsen M, et al. Tele-health fol-
lowup strategy for tight control of disease activity in rheumatoid
arthritis: results of a randomized controlled trial. Arthritis Care Res.
2018;70:353-360.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Rheumatic Diseases

Dixon WG, Michaud K. Using technology to support clinical care and
research in rheumatoid arthritis. Curr Opin Rheumatol. 2019;30:1-6.
van Riel P, Zuidema RM, Vogel C, Dartel S. Patient self-manage-
ment and tracking a European experience. Rheum Dis Clin N Am.
2019;45:187-195.

Sikorska-Siudek K, Przygodzka M, Bojanowski S, Radomski R.
AB0280 mobile application for patients with rheumatoid arthritis
(RA) as a supporting tool for disease activity monitoring: its usabil-
ity and interoperability. Ann Rheum Dis. 2015;74:986.

Austin L, Sharp CA, van der Veer SN, et al. Providing ‘the bigger
picture’: benefits and feasibility of integrating remote monitoring
from smartphones into the electronic health record: findings from
the Remote Monitoring of Rheumatoid Arthritis (REMORA) study.
Rheumatology;59(2):367-378. 2019. https://doi.org/10.1093/rheum
atology/kez207

Walker UA, Mueller RB, Jaeger VK, et al. Disease activity dynamics
in rheumatoid arthritis: patients' self-assessment of disease activity
via WebApp. Rheumatol Oxf Engl. 2017;56:1707-1712.

Grainger R, Townsley H, White B, Langlotz T, Taylor WJ. Apps for
people with rheumatoid arthritis to monitor their disease activity: a
review of apps for best practice and quality. JMIR mHealth uHealth.
2017;5(2):e7.

Luo D, Wang P, Lu F, Elias J, Sparks JA, Lee YC. Mobile apps for indi-
viduals with rheumatoid arthritis. J Clin Rheumatol. 2019;25:133-141.
Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis clas-
sification criteria: an American College of Rheumatology/European
League Against Rheumatism collaborative initiative. Arthritis
Rheum. 2010; 62(9):2569-2581.

Bengtsson M. How to plan and perform a qualitative study using
content analysis. Nursingplus Open. 2016;2:8-14.

Braun V, Clarke V. Successful Qualitative Research. London, UK:
SAGE; 2013:400.

Braun V, Clarke V. What can “thematic analysis” offer health and
wellbeing researchers? Int J Qual Stud Heal. 2014;9:26152.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting
qualitative research (COREQ): a 32-item checklist for interviews
and focus groups. Int J Qual Health Care. 2007;19:349-357.
Anderson JK, Zimmerman L, Caplan L, Michaud K. Measures of
rheumatoid arthritis disease activity: patient (PtGA) and provider
(PrGA) Global Assessment of Disease Activity, Disease Activity
Score (DAS) and Disease Activity Score With 28-Joint Counts
(DAS28), Simplified Disease Activity Index (SDAI), Cl. Arthritis Care
Res. 2011;63:514-S36.

Brooke J. SUS - a quick and dirty usability scale; 1996. https://hell.
meiert.org/core/pdf/sus.pdf. Accessed November 15th, 2019.
Bangor A, Kortum PT, Miller JT. An empirical evaluation of the sys-
tem usability scale. Int J Hum Comput Interact. 2008;24:574-594.
Waite-Jones JM, Majeed-Ariss R, Smith J, Stones SR, Van Rooyen
V, Swallow V. Young people's, parents', and professionals' views
on required components of mobile apps to support self-manage-
ment of juvenile arthritis: qualitative study. JMIR Mhealth Uhealth.
2018;6:e25.

Cai RA, Beste D, Chaplin H, et al. Developing and evaluating JIApp:
acceptability and usability of a smartphone app system to improve
self-management in young people with juvenile idiopathic arthritis.
JMIR Mhealth Uhealth. 2017;5:e121.

Geuens J, Geurts L, Swinnen TW, Westhovens R, Abeele V. Mobile
health features supporting self-management behavior in patients
with chronic arthritis: mixed-methods approach on patient prefer-
ences. JMIR Mhealth Uhealth. 2019;7:e12535.

Revenis A, Opava CH, Ahlén H, Brusewitz M, Pettersson S, Asenlsf
P. Mobile internet service for self-management of physical activ-
ity in people with rheumatoid arthritis: evaluation of a test version.
RMD Open. 2016;2(1):e000214.


https://doi.org/10.1093/rheumatology/kez207
https://doi.org/10.1093/rheumatology/kez207
https://hell.meiert.org/core/pdf/sus.pdf
https://hell.meiert.org/core/pdf/sus.pdf

822 Wl L EY_ International Journal of

GRAINGER ET AL.

Rheumatic Diseases

40. Vo V, Auroy L, Sarradon-Eck A. Patients' perceptions of mhealth
apps: a meta-synthesis of qualitative studies. JMIR Mhealth Uhealth.
2019;7:¢13857.

41. Peiris D, Miranda JJ, Mohr DC. Going beyond killer apps: build-
ing a better mHealth evidence base. BMJ Global Health.
2018;3:e00676.

42. Cheung PP, Gossec L, Mak A, March L. Reliability of joint count
assessment in rheumatoid arthritis: a systematic literature review.
Semin Arthritis Rheu. 2014;43:721-729.

43. Cheung PP, Ruyssen-Witrand A, Gossec L, et al. Reliability of pa-
tient self-evaluation of swollen and tender joints in rheumatoid
arthritis: a comparison study with ultrasonography, physician, and
nurse assessments. Arthritis Care Res. 2010;62:1112-1119.

APPENDIX 1

SEMI STRUCTURED INTERVIEW SCHEDULE FOR PA-
TIENTS AND PATIENT-ADVOCATES

The following questions are grouped by the topics that will be explored
in the interview. The questions themselves are ‘examples’ because not
all of these might be used, or the phrasing may vary from person to per-
son. In addition to questions, generic prompts (such as, please tell me
more about that, please could you give an example, could you please
expand on that idea) will be used to elicit more detail. The interviewer
will sometimes paraphrase what a participant has said in order to check
understanding (eg, what | am hearing is that you think.......). The inter-
viewer will aim to use neutral language and questioning strategies to
attempt to avoid biasing participant responses. This document gives

an outline of the interview with specific questions indicated in italics.

A. Introduction and consent

1. Interviewer introduces self and thanks participant for time.

2. Aims of interview outlined: to explore patient perspectives on an
mobile software that can be used on smartphones for patient ini-
tiated monitoring of RA disease activity and communication with
treating health care teams, including rheumatology team.

3. Logistical details outlined:

-. the interview will be recorded and transcribed,

-. the responses are confidential and will be de-identified and
secure data storage will be used.

-. The study has ethical approval under 14/CEN/208. You can
withdraw your consent and discontinue the interview at any
time with no impact on you or your health care. Any questions
can be answered by the research team with contact details on
information sheet. Checks participant has information sheet
and has signed consent form.

-. We expect the interview will take 30-45 minutes. Please indi-

cate if you need a break at any time or wish to stop the interview.

B. Demographics and current technology access and use
Interviewer will collect basic demographic details and experience
and exposure to relevant technology (hardware, applications and ac-

cess) in interview sheet (attached).

44, Crouthamel M, Quattrocchi E, Watts S, et al. Using a ResearchKit
smartphone app to collect rheumatoid arthritis symptoms from
real-world participants: feasibility study. JMIR Mhealth Uhealth.
2018;6:e177.

How to cite this article: Grainger R, Townsley HR, Ferguson
CA, Riley FE, Langlotz T, Taylor WJ. Patient and clinician views
on an app for rheumatoid arthritis disease monitoring:
Function, implementation and implications. Int J Rheum Dis.
2020;23:813-827. https://doi.org/10.1111/1756-185X.13850

Based on the collected data, the interviewer will tailor the ques-
tions to the technology access of the participant.

eg, Participant with smartphone, familiar with use and apps

How would you feel about using an app on your smartphone to self
monitor your RA symptoms?

eg, Participant with no smartphone or experience in use but com-
puter and internet access and use

How would you feel about having a smartphone and learning to using
an app on this smartphone to self monitor your RA symptoms?

Would you be interested in using similar software on a computer
(laptop or desktop)? How would computer access compare for you with
smartphone access?

Are there any reasons why you would not want to use an app on a

smartphone (privacy, intrusion, difficultly doing things with hands etc)?

C. Semi-structured interview
Thanks for the background information. It helps me frame the rest of the
interview to match your current technology exposure.

We are interested in four main areas; 1. the software content, 2. how users
might prefer to access the software, 3. how the software may need to func-

tion and 4. how the software will interact with the rheumatology service.

1. Software content and function

There are some basic groups of information and measurements of rheu-
matoid arthritis activity the RA software could include and want to get
your feedback on this. Here is a list (shows sheet “Possible RA app con-
tent” [attached], an A4 page)

Take a moment to read through these. (waits) Are there any that you
would like to ask about or understand better? I'd like to get your thoughts
about each of these sections.

First I'd like to know your thoughts on the summary data. This data
would be entered by you and act as a portable health record that you
could show to health care providers as you wished.

Does this look right to you?

Is there any other information that you think is important that should
be recorded in this section?

Any other comments?

Now I'd like to know about the patient assessment section. The

patient assessments may not look familiar to you.
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2. Joint counts
The tender or swollen joint count would be according to your own assess-
ment and be entered on a body by tapping the area. Although many areas of
your body could be affected by RA, rheumatologists standard assessments
focus on a subset of joints. These are in the hands, arms and legs. We have
three options of how this information could be entered on an app. It could
look something like this (show GUI 1—hands) and this (GUI 2—other joints).

Takes a few minutes to explain—the app would feature use de-
signs similar to A (Stick and box) B (body outline) OR C (body outline
with skeleton). Date could be collected in two ways 1. There would
be two screens for right hand (tender and swollen), two screens for
left hand (tender and swollen) and two screens for body (tender and
swollen). Joints on each diagram that were tender would be tapped,
then same for swollen. 2. There are three screens (right hand, left
hand, body). For each joint, one tap for tender, tap again, swollen, tap
a third time tender and swollen).

Do you prefer one of the three GUI's (A, B or C)? Why do you say that?

Which of the two ways of entering data would most suit you?

How do you think it would be for you completing this? Are there any
ways that RA might impact on you completing this data?

Are there any comments about how the body should look or about

how the tender/swollen areas should be entered?

3. Patient self reports

If you have attended rheumatology clinics through Hutt Valley DHB you
have completed a form that looks like this while you wait for the rheuma-
tologist (Card 3—Hutt Valley DHB Rheumatology assessment form—
patient global and HAQII). You would enter these data on screens that
might look like this (GUI 3—Patient globals and HAQ ).

How do you think this might work for you? Do you have any
concerns?

The composite scores are a measure of RA disease activity that incor-
porate the above data. Usually your rheumatologist will calculate these in
clinic but may or may not share them with you. They are often grouped
into low, medium and high RA disease activity. This is sometimes displayed
using a traffic light system, green - low disease, orange - medium activity,
red—high disease activity. Red is used for high as it reminds the rheuma-
tologist that something needs to be done! Here is a way that these have
been presented on a web site (shows attached DAS28 severity visuals).

How would you feel about seeing these?

If these scores showed that your RA was very active, or had got more
active recently, the app could automatically send an email or text your
rheumatology service. How do you feel about this?

How long would you be prepared to wait for a response when you
have sent information?

How would you feel about the time frame if you received a generic
acknowledgement of the receipt of the information? How long after that
would you expect a personal/detailed reply?

Could the reply come via text alert to the app or would you expect to
speak to a health professional on the phone?

This leads me on to a more general discussion of communication. The
app could have three communication capabilities. The first is the ability

post reminders to you as an email or an alter that appeared within the
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app (like a text box, or little message within the app), for example, get a
blood test, enter your data or attend appointments.

Is this useful to you?

What are the advantages and disdavantages of these reminders for
you?

The second is that you could write and send a text message or email to

your treating rheumatology team from within the app.

Is this useful to you?

What are the advantages and disdavantages of this message function
(email/text) of the app for you?

4. Interaction with specialist rheumatology team
Now I'd like to know a little about how you think use of this smartphone
app might impact on your interaction with your rheumatology care team
(rheumatologist and their nurses). What are your thoughts?
Further comments could be elicited around the following:
face to face appointments could be less frequent
- how the data may be incorporated into face to face
appointments
- completing an assessment just before appointment (in waiting
room, no need for paper review).
-How participant would feel if the rheumatologist or rheumatol-
ogy nurse did not use the app data the patient had collected.

RA App interview data sheet

Section A Demographics
Interview number
Subject initials
Age
Gender
Years since RA diagnosis
DMARDS (y/n)
Biological DMARDs (y/n/)

Section B Technology familiarity/access
Smartphone

Do you own an internet capable smartphone (y/n)

Ify

What type of device (iPhone, Android, etc)

Do you use your device to access the internet? (y/n)

Do you use “apps” on your smartphone?

Do you use your device to access email?

Do you use your device to send or receive text messages?

Do you have a dataplan on your device?

Do you use wifi (when available) on your device?

Computer use and usage
Do you own a computer? (y/n)
IfYy

Do you use your computer to access the internet? (y/n)
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Do you use your computer to access email?

Do you own another internet capable device such as a tablet or
iPad?

IfN

Do you use computers to access the internet, for example at work or
a public library?

Possible content of an RA app

1. Summary data

-. Contact details of patient, next of kin and health care
professionals

-. Medical history and hospital admissions

-. Medications (current and previous, including reasons for dis-

continuation and adverse effects)

APPENDIX 2

SEMI STRUCTURED |INTERVIEW SCHEDULE FOR
HEALTH CARE PROFESSIONALS

Version A. Rheumatologist

The following questions are grouped by the topics that will be ex-
plored in the interview. The questions themselves are ‘examples’ be-
cause not all of these might be used, or the phrasing may vary from
person to person. In addition to questions, generic prompts (such as,
please tell me more about that, please could you give an example,
could you please expand on that idea) will be used to elicit more
detail. The interviewer will sometimes paraphrase what a participant
has said in order to check understanding (eg, what | am hearing is
that you think.......). The interviewer will aim to use neutral language
and questioning strategies to attempt to avoid biasing participant
responses. This document gives an outline of the interview with spe-
cific questions indicated in italics.

A. Introduction and consent
1. Interviewer introduces self and thanks participant for time.
2. Aims of interview outlined: to explore health care professional's per-
spectives on an mobile software that can be used on smartphones
for patient initiated monitoring of RA disease activity and communi-
cation with treating health care teams, including rheumatology team.
3. Logistical details outlined:
-. the interview will be recorded and parts may be transcribed,
-. the responses are confidential and will be de-identified and
secure data storage will be used.
-. The study has ethical approval under 14/CEN/208. You can
withdraw your consent and discontinue the interview at any
time with no impact on you or your health care. Any questions

can be answered by the research team with contact details on

2. Patient assessments
- Tender and swollen joint count
- Other patient assessed indices (eg, pain, global well-being,
HAQ-II)
-Generation of composite score measures of RA activity (eg,
DAS-28, SDAI)

3. Communication

- Reminders to user (appointments, tests, data input eg, labora-
tory data)

- Alerts to user or health care provider if patient assessments
fall outside pre-set parameters

-Email or text message of patient assessments or patient con-
cerns to health care providers.

information sheet. Checks participant has information sheet
and has signed consent form.
-. We expect the interview will take 20-30 minutes. Please indi-

cate if you need a break at any time or wish to stop the interview.

B. Demographics and current technology access and use
Interviewer will review the details and completeness of the RA app
interview data sheet (attached) that the rheumatologist has com-
pleted before the interview. This includes demographic and pro-
fessional practice details and experience and exposure to relevant

technology (hardware, applications and access).

C. Semi-structured interview
Thanks for the background information. It helps me frame the rest of the

interview to match your current technology exposure

We are interested in three main areas; 1. the software content, 2. how
the software may need to function and 3. how the software will interact
with your rheumatology service

1. and 2. Software content and function

There are some basic functions that the app could have. These include
a record of patient details including medical information, measurements
of rheumatoid arthritis activity and means of communication or feed-
back to the user (the patient) and the health care team. | would like to
get your feedback on this. Here is a list (shows sheet “Possible RA app
content” (attached), an A4 page)

“Take a moment to read through these. (waits).

(Note Rheumatologists should be familiar with most of the patient
reported indices.)

I'd like to get your thoughts about each of these sections.”

First I'd like to know your thoughts on the summary data. These data
would be entered by the patient and act as a portable health record that
they could show to health care providers as they wished.

Does this look right to you?
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Is there any other information that you think is important that should
be recorded in this section?
Any other comments?

“Now I'd like to know about the patient assessment section
A. Joint counts

The tender or swollen joint count would be entered by the patient ac-
cording to their own assessment and be entered on a body by tapping the
area. We have three options of how this information could be entered on
an app. It could look something like this (show GUI 1—hands) or these
(GUI 2—other joints and GUI 3).”

Takes a few minutes to explain—the app would feature use de-
signs similar to A (Stick and box) B (body outline) OR C (body outline
with skeleton). Data could be collected in two ways;

1. There would be two screens for right hand (tender and swol-
len), two screens for left hand (tender and swollen) and two
screens for body (tender and swollen). Joints on each diagram
that were tender would be tapped, then same for swollen.

2. There are three screens (right hand, left hand, body). For each
joint, one tap for tender, tap again, swollen, tap a third time tender

and swollen).

Do you prefer one of the three GUI’s (A, B or C)? Why do you say that?
Are there any comments about how the body should look or about
how the tender/swollen areas should be entered?

B. Patient self reports

Do you currently measure and/or record any patient reported indices in
your clinical assessment of people with RA? These could include patient
assessment of pain, patient global assessment of disease, the Health as-
sessment questionnaire (the HAQ) or others?

If yes, how do you do this?)(paper, electronic etc)

In your current clinical management of people with RA, do you calcu-
late any composite disease activity measures eg, DAS28 or CDAII?

What impact would it have on your practice if your patients with RA,
arrived with completed patient reported outcomes, recorded at intervals,
and calculated composite disease activity measures

The RA app we propose would send the data recorded data to the
DHB and these data would be entered into the electronic medical re-
cord (concerto), much like the way blood tests are entered. We are pro-
posing that disease activity would be calculated and “forced sign off”
generated if the disease activity indices showed the patient had highly
active RA (Probably signed off by rheumatology nurses). We are envis-
aging that this would trigger a phone call from the nurse to the patient
to get more information and assist the patient in planning appropriate
management (eg, see GP, appt with rheumatology). Would this have
any impact on your practice? Would this be useful or create problems?

Would your practice have the ability to respond to these alerts? How
would you respond - phone call, email, text, arrange and appointment?
Who would do this? How long might it take to respond and how long do

you think is reasonable?

Rheumatic Diseases

While on the communication functionality, the App could also have the
ability to post reminders to the patient as an email or an alert that ap-
peared within the app (like a text box, or little message within the app), for
example, get a blood test, enter joint patient reported assessment data or
attend appointments.

Would this be useful to the RA patients in your practice?

What are the advantages and disdavantages of these reminders for
your patients?

2. Interaction with specialist rheumatology team
Now I'd like to know a little about how you think use of this smartphone
app might interact with your current patient management arrange-
ments? We are interested how it may influence the way appointments
are scheduled, change the way patients communicate with the rheuma-
tology team between appointments, change work flows within the rheu-
matology team. What are your thoughts?
Further comments could be elicited around the following
face to face appointments could be less frequent
- how the data may be incorporated into face to face
appointments
- do you see any issues with patients who were completing the
data and want time to review it in the clinic visit (or how they
may react if you are not seen to review the data?)
- completing an assessment just before appointment (in waiting

room, no need for paper review).

RA App interview data sheet
Section A Demographics

Interview number

Subject initials

Age (decade is fine)

Gender

Practice setting (public, private, NGO)

Years of practice

Section B Technology familiarity/access
Smartphone

Do you own an internet capable smartphone (y/n)

IfYy

What type of device (iPhone, Android, etc)

Do you use your device to access the internet? (y/n)

Do you use “apps” on your smartphone?

Do you use your device to access email?

Do you use your device to send or receive text messages?

Do you have a dataplan on your device?

Do you use wifi (when available) on your device?

Computer use and usage
Do you own a computer? (y/n)
IfYy
Do you use your computer to access the internet? (y/n)

Do you use your computer to access email?
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Do you own another internet capable device such as a tablet or
iPad?

IfN

Do you use computers to access the internet, for example at
work or a public library?

Notes:

Possible content of an RA app

1. Summary data

-. Contact details of patient, next of kin and health care
professionals

-. Medical history and hospital admissions

-. Medications (current and previous, including reasons for dis-

continuation and adverse effects)

APPENDIX 3

COREQ (CONSOLIDATED CRITERIA FOR REPORTING
QUALITATIVE RESEARCH) CHECKLIST

A checklist of items that should be included in reports of qualita-
tive research. You must report the page number in your manuscript

where you consider each of the items listed in this checklist. If you

2. Patient assessments
- Tender and swollen joint count
- Other patient assessed indices (eg, pain, global well-being,
HAQ-II)
- Generation of composite score measures of RA activity (eg,
DAS-28, SDAI)

3. Communication

- Reminders to user (appointments, tests, data input eg, labora-
tory data)
- Alerts to user or health care provider if patient assessments
fall outside pre-set parameters
Email or text message of patient assessments or patient concerns
to health care provider.

have not included this information, either revise your manuscript ac-
cordingly before submitting or note N/A.

Developed from: Tong A, Sainsbury P, Craig J. Consolidated crite-
ria for reporting qualitative research (COREQ): a 32-item checklist for
interviews and focus groups. International Journal for Quality in Health
Care. 2007. Volume 19, Number 6: pp. 349-357.
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A checklist of items that should be included in reports of qualitative research. You must report the page number in your manuscript

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript

accordingly before submitting or note N/A.

Topic Item No. Guide Questions/Description Reported on
Page No.
Domain 1: Research team
and reflexivity
Personal characteristics
Interviewer/facilitator 1 Which author/s conducted the interview or focus group? 8
Credentials 2 What were the researcher’s credentials? E.g. PhD, MD 8
Occupation 3 What was their occupation at the time of the study? 9
Gender 4 Was the researcher male or female? 8
Experience and training 5 What experience or training did the researcher have? 8
Relationship with
participants
Relationship established 6 Was a relationship established prior to study commencement? 8
Participant knowledge of 7 What did the participants know about the researcher? e.g. personal
the interviewer goals, reasons for doing the research 8
Interviewer characteristics 8 What characteristics were reported about the inter viewer/facilitator?
e.g. Bias, assumptions, reasons and interests in the research topic 8
Domain 2: Study design
Theoretical framework
Methodological orientation 9 What methodological orientation was stated to underpin the study? e.g.
and Theory grounded theory, discourse analysis, ethnography, phenomenology, 9
content analysis
Participant selection
Sampling 10 How were participants selected? e.g. purposive, convenience,
consecutive, snowball 8
Method of approach 11 How were participants approached? e.g. face-to-face, telephone, mail,
email 8
Sample size 12 How many participants were in the study? 13
Non-participation 13 How many people refused to participate or dropped out? Reasons? not reported
Setting
Setting of data collection 14 Where was the data collected? e.g. home, clinic, workplace 8
Presence of non- 15 Was anyone else present besides the participants and researchers?
participants 13
Description of sample 16 What are the important characteristics of the sample? e.g. demographic
data, date 13, Table 1
Data collection
Interview guide 17 Were questions, prompts, guides provided by the authors? Was it pilot 3
tested?
Repeat interviews 18 Were repeat inter views carried out? If yes, how many? No
Audio/visual recording 19 Did the research use audio or visual recording to collect the data? 8,9
Field notes 20 Were field notes made during and/or after the inter view or focus group? |9
Duration 21 What was the duration of the inter views or focus group? 13
Data saturation 22 Was data saturation discussed? 9
Transcripts returned 23 Were transcripts returned to participants for comment and/or 9
Topic Item No. Guide Questions/Description Reported on
Page No.
correction?
Domain 3: analysis and
findings
Data analysis
Number of data coders 24 How many data coders coded the data? 9
Description of the coding 25 Did authors provide a description of the coding tree?
tree no
Derivation of themes 26 Were themes identified in advance or derived from the data? 9
Software 27 What software, if applicable, was used to manage the data? 9
Participant checking 28 Did participants provide feedback on the findings? J
Reporting
Quotations presented 29 Were participant quotations presented to illustrate the themes/findings?
Was each quotation identified? e.g. participant number 27,28,25,30
Data and findings consistent 30 Was there consistency between the data presented and the findings? 13,14
Clarity of major themes 31 Were major themes clearly presented in the findings? 13,14
Clarity of minor themes 32 Is there a description of diverse cases or discussion of minor themes?

n/a

Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist
for interviews and focus groups. International Journal for Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 — 357

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this
checklist as part of the main manuscript document. It must be uploaded as a separate file.



