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Abstract

Background: Access to comprehensive exercise and rehabilitation services for people with multiple sclerosis (MS) remains a
major challenge, especially in rural, low-income areas. Hence, the Tele-Exercise and Multiple Sclerosis (TEAMS) study aims to
provide patient-centered, coordinated care by implementing a 12-week complementary and alternative medicine (CAM) intervention
for adults with MS. However, due to the societal impact of coronavirus disease (COVID-19) in mid-March 2020, the University
of Alabama at Birmingham announced a limited business model halting all nonessential research requiring on-site visits, which
includes the TEAMS study.

Objective: In compliance with the shelter-in-place policy and quarantine guidance, a modified testing and training protocol
was developed to allow participants to continue the study.

Methods: The modified protocol, which replaces on-site data collection and training procedures, includes a teleassessment
package (computer tablet, blood pressure cuff, hand dynamometer, mini disc cone, measuring tape, an 8” step, and a large-print
8” × 11” paper with ruler metrics and wall-safe tape) and a virtual meeting platform for synchronous interactive training between
the therapist and the participant. The teleassessment measures include resting blood pressure and heart rate, grip strength, Five
Times Sit to Stand, Timed Up & Go, and the Berg Balance Scale. The teletraining component includes 20 sessions of synchronous
training sessions of dual tasking, yoga, and Pilates exercises designed and customized for a range of functional levels. Teletraining
lasts 12 weeks and participants are instructed to continue exercising for a posttraining period of 9 months.

Results: The protocol modifications were supported with supplemental funding (from the Patient-Centered Outcomes Research
Institute) and approved by the University Institutional Review Board for Human Use. At the time nonessential research visits
were halted by the university, there were 759 people enrolled and baseline tested, accounting for 92.5% of our baseline testing
completion target (N=820). Specifically, 325 participants completed the 12-week intervention and follow-up testing visits, and
289 participants needed to complete either the intervention or follow-up assessments. A modified analysis plan will include
sensitivity analyses to ensure the robustness of the study results in the presence of uncertainty and protocol deviations. Study
results are projected to be published in 2021.
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Conclusions: This modified remote teleassessment/teletraining protocol will impact a large number of participants with MS
who would otherwise have been discontinued from the study.

Trial Registration: ClinicalTrials.gov NCT03117881; https://clinicaltrials.gov/ct2/show/NCT03117881

International Registered Report Identifier (IRRID): DERR1-10.2196/18415

(JMIR Res Protoc 2020;9(7):e18415)   doi:10.2196/18415
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Introduction

Multiple sclerosis (MS) is an autoimmune-mediated neurological
disorder that results in demyelination and transection of axons
in the central nervous system, and it affects more than two
million people across the world [1,2]. The current literature
strongly supports the use of home telerehabilitation or what is
commonly referred to as telehealth (to encompass a broader set
of uses) as an equally effective alternative to usual care for
patients with MS [3-6]. Because exercise has a strong effect in
managing health and MS symptoms [7-10], exercise
rehabilitation is one of the major applications of telehealth
technology. The advantages of telehealth over usual care include
increased social support, participant adherence, quality of care,
cost-effectiveness, access to services (no need for
transportation), and reduced burden on health professionals to
allow easier dissemination of services [11]. Since comprehensive
exercise and rehabilitation services are not provided on-site
across all MS clinics, remote testing and training can make such
services more accessible for patients who do not live near
center-based programs.

In 2017, our research team began to implement a randomized
controlled effectiveness trial comparing two methods of
delivering a complementary and alternative medicine (CAM)
intervention: CAM delivered at home and on-site at a clinic (the
TEAMS [Tele-Exercise and Multiple Sclerosis] study;
ClinicalTrials.gov NCT03117881) [12]. The CAM intervention
consists of yoga, Pilates, and dual tasking exercises. Participants
are randomized into one of two groups: (a) home-based CAM
involving the use of a computer tablet with an app to stream 20
prerecorded exercise or rehabilitation video sessions tailored to
an individual’s functional level [13]; and (b) clinic-based CAM
involving 20 supervised exercise training sessions with trained
study therapists. The supervised sessions were implemented by
86 therapists at 43 clinics that were spread across three states
(Alabama, Mississippi, and Tennessee). The study originally
aimed to include 820 people with MS by April 30, 2020.

In response to coronavirus disease (COVID-19), the University
of Alabama at Birmingham halted all nonessential research
studies that required on-site interaction with research
participants. This included the TEAMS study, which had a total
of 759 participants enrolled and baseline tested at the time of
closure (March 2020); this accounts for 92.5% of our baseline
testing target (N=820). Specifically, 325 participants completed
the study, and 289 participants were in the process of completing
the study (ie, they needed to either complete the intervention
or their follow-up data collection visits at 3-, 6-, and 12-months
postintervention). Breaking this sample down further, there
were 545 remaining data collection (on-site) visits that needed
to be completed at the time of the COVID-19 closure. With no
apparent end date to COVID-19, the research team requested a
modification to the protocol from the study program officer.
The teleassessment and training protocol modifications were
approved and supported with supplemental funding provided
by the funding agency (Patient-Centered Outcomes Research
Institute [PCORI]) on March 27, 2020, and the protocol was
approved by the University Institutional Review Board for
Human Use on March 29, 2020. This paper describes the
COVID-19 protocol modifications.

Methods

The TEAMS study is a randomized controlled trial comparing
the effectiveness of a 12-week tele-exercise program delivered
at home via a computer tablet (TeleCAM) or at the clinic by a
therapist (DirectCAM). Further details of the TEAMS study
can be found elsewhere [12].

Recruitment
A total of 289 participants are in the process of completing the
TEAMS study and will be reconsented to undergo the
COVID-19 modified study procedures. Inclusion and exclusion
criteria remain the same as the original study (Textbox 1).
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Patient Determined Disease Steps score: 0-7 (mild-to-moderate disability)

• Able to use arms and/or legs for exercise while standing or seated

• Aged 18-70 years

• Physician permission for study participation

Exclusion criteria

• Significant visual acuity that prevents seeing a tablet screen in order to follow along with the home exercise program (self-reported)

• Event(s) of cardiovascular disease, severe pulmonary disease, or renal failure within the last 6 months

• Active pressure ulcer

• Pregnancy

• Received a rehabilitation session within the last 30 days

• Godin Leisure-Time Exercise Questionnaire score ≥24 (ie, physically active)

The Intervention and COVID-19 Modifications
The 12-week DirectCAM intervention is composed of dual
tasking, yoga, and Pilates. Participants in DirectCAM receive
in-person instruction from a therapist 2 times a week for the
first 8 weeks and then once a week for the last 4 weeks for a
total of 20 sessions (1 hr/session). TeleCAM participants receive
the same 12-week intervention through exercise videos that are
preloaded to a custom-designed tablet app [13]. Figure 1
demonstrates a person with MS performing the intervention
using the provided equipment and computer tablet. They also
receive phone calls through an Interactive Voice Response
system to collect data and enhance adherence to the intervention.
After the 12-week intervention, DirectCAM participants receive
written instructions and photos of the exercises and are
encouraged to continue the program at home for 9-months
postintervention. TeleCAM participants are encouraged to
continue to exercise using the videos on their tablet 9-months
postintervention. Currently, there is a total of 545 participants
for whom data collection needs to be completed: 88 participants

that need to complete follow-up data collection at 3 months
postintervention; 168 at 6 months; and 289 at 12 months. There
are 25 participants who were randomized to receive DirectCAM
but were unable to because of COVID-19 restrictions.

In response to COVID-19, PCORI provided the study team with
supplemental funding, which was used to adapt the on-site
intervention into remote testing and training with a licensed
occupational or physical therapist. DirectCAM participants are
now receiving their remaining intervention sessions with a study
therapist through videoconferencing. These participants are
categorized into a separate group referred to as remote
DirectCAM (rDirectCAM). rDirectCAM participants who
decline or are unable to videoconference (eg, no compatible
computer or internet access at home) have the option of
communicating with their therapist via telephone. Thus, this
study includes two methods of teletraining: (1)
internet-supervised training (rDirectCAM) and (2) self-regulated
training using preloaded videos on a computer tablet
(TeleCAM).

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e18415 | p.8https://www.researchprotocols.org/2020/7/e18415
(page number not for citation purposes)

Lai et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 1. An example of a person with multiple sclerosis exercising in their home with the intervention equipment and computer tablet.

Teleassessments
A total of 16 therapists will conduct all assessments through
videoconferencing (teleassessments). To ensure strong fidelity
across therapists, they will undergo a 30-minute training session
directed by the clinical study coordinator (author TT). TT is a
licensed occupational therapist with 24 years of training and
has been involved with the TEAMS study since its inception.
TT will also train and monitor therapists to deliver rDirectCAM
through videoconferencing.

A Brief Description of Assessment Measures and
Protocols

Participants Who Decline or Are Unable to Participate in
Teleassessments

Participants who decline or are unable to participate in the
teleassessments will be sent the study questionnaires either
through mail or email via the study database (Research
Electronic Data CAPture [REDCap]), based on their preference.
Questionnaires include the 36-Item Short Form Survey (SF-36),
the Modified Fatigue Impact Scale, and the Godin Leisure Time
Exercise Questionnaire (for more details refer to our original
study protocol [12]).

Protocol for Teleassessment Participants

The goal of the teleassessment protocol is to mirror the on-site
assessment protocol [12]. The measures have strong
psychometric properties to support their use in people with MS.
The measures that participants undergo depend on their Patient
Determined Disease Steps (PDDS) score. Participants with a
PDDS score between 0-4 (indicative of minimal mobility
disability) will complete all measures: the Hand-Grip Strength
Test [14], the Five Times Sit to Stand test [15], the Timed Up
& Go Test [16-18], and the Berg Balance Scale [19,20].
Participants with a PDDS score between 5-7 complete all

measures except the Timed Up & Go Test and Berg Balance
Scale (due to safety concerns as noted previously during on-site
clinic visits). The teleassessment measures are listed below, and
specific details and procedures can be found in the supplemental
data collection form and therapist guide (Multimedia Appendices
1 and 2, respectively):

• Height and weight (self-report)
• Changes in medication (self-report)
• Blood pressure/heart rate

• Equipment: a chair with an arm, a heart rate monitor,
and a blood pressure cuff

• Setup:
• Camera view: frontal view of the participant’s

upper body
• The participant sits quietly for at least 5 minutes

prior to assessment

• Hand-grip strength
• Equipment: a chair with an arm and a digital hand

dynamometer
• Setup:

• Camera view: frontal view of the participant’s
upper body

• The participant sits in a stationary chair or a
wheelchair and uses a hand dynamometer; three
trials with each hand with the elbow flexed at 90
degrees, with 30-second rest in between trials

• Five Times Sit to Stand (Figure 2)
• Equipment: a chair (a chair with arms can enhance

safety but discourage the participant from using, if
unnecessary)

• Setup:
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• Camera view: side view of the participant’s entire
body (at least shoulders, hip, and knees)

• The participant sits in a chair or a wheelchair
• Three options for where to place the chair:

• An open space, not supported by a mat or wall
• An open space, support from a caregiver or

family member, if necessary
• Supported against a wall (if chair movement

is an issue)

• Timed Up & Go (Figure 3)
• Conducted only for people with PDDS Score between

0-4, determined via self-report during prescreening.
• Equipment: a chair with arms, a mini disc cone, and a

3-meter soft measuring tape
• Setup:

• Camera view: diagonal or frontal view to capture
the participant’s entire body throughout the test
(camera view should include the 3-meter walkway
and the chair)

• The participant can place the computer tablet on
the floor or on furniture for better view

• The participant places a chair at the beginning of
a 12-foot cleared space, free from obstacles or
throw rugs

• The participant lays down the measuring tape
starting at the tip of their toes when sitting in a
chair and places the cone at the end of the
measuring tape

• The participant removes the measuring tape
• Chair setup options:

• An open space, not supported by a mat or wall

• An open space, support from a caregiver/or
family member, if needed

• Supported against a wall

• Berg Balance Scale (note: the research team anticipated
that the Berg Balance Scale would be the most difficult test
to administer via telehealth. Thus, the team incorporated
elements from a previous study demonstrating that the Berg
could be conducted reliably through teleassessment [21])
• Conducted only for people with PDDS Score between

0-4, determined via self-report during prescreening.
• Equipment: two chairs (one with arms and one without),

an 8” therapy step, a printed paper with ruler metrics
and wall safe tape, and a mini disc cone

• Setup:
• Camera view includes the frontal view of the

participant’s entire body for all tasks
• Three options for where to place the chair:

• An open space, not supported by a mat or wall
• An open space, support from a caregiver/or

family member, if possible
• Supported against a wall

• Test instructions and modifications:
• All tasks completed in frontal view
• After completing all tasks once, repeat the

unsupported standing and standing with eyes closed
task with a side view (in order to reduce the
likelihood of missing data) [21]

• Perform the functional reach task with a custom
print paper with large-numbered metrics and
markings to indicate critical scoring criteria for the
therapist (Figure 4).
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Figure 2. An example of the videoconference view of the starting position for the Five Times Sit to Stand test.

Figure 3. An example of the videoconference view for the Timed Up & Go test.
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Figure 4. An example of the videoconference view for the starting position of the functional reach task of the Berg Balance Scale.

Teleassessment Equipment
After participants have reconsented, they will be asked whether
they would like to participate in the teleassessments. Research
personnel will ship interested participants a single package
(minimum package dimensions 18.5” × 12.1” × 8.75”)
containing the following teleassessment equipment (Figure 5):

• A roll of wall-safe tape;
• Computer tablet (Lenovo S340 81TB0000US);

• Heart rate and blood pressure cuff (A&D Medical Wrist
Blood Pressure Monitor, UB-543);

• CAMRY Hand Grip Dynamometer;
• American Challenge Soccer Mini Disc Cones (required to

complete the Timed Up & Go test and used for the pick-up
task of the Berg Balance Scale);

• Soft measuring tape, precut to a 3-meter length for the
Timed Up & Go test;

• An 8” small foldable step stool (required to complete the
Berg Balance Scale);

• A large-print 8” × 11” paper with ruler metrics.
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Figure 5. A teleassessment package prior to being shipped to a participant's home. The equipment includes an 8" step, a blood pressure cuff, a roll of
wall-safe tape, a 3-meter measuring tape, a hand dynamometer, a mini disc cone, a large print paper with ruler metrics, a sheet with participant instructions
(under the step), and a computer laptop (bottom).

General Teleassessment Procedures
Teleassessments will be conducted at baseline and at 3, 6, and
12 months postintervention. Given the size of the project and
the strong psychometric properties of the teleassessments, the
research team was primarily concerned with whether the
teleassessments could be delivered reliably across different
therapists. Accordingly, the first 8 participants who will receive
the teleassessments will participate in a preliminary interrater
reliability study. These 8 participants will complete 2
teleassessment sessions (done in the same day). Each
teleassessment session will be conducted by one of two
therapists. A sample size of 8 was chosen based on an intraclass
correlation (ICC) power calculation with the following
components: statistical power of 0.8; α=0.05; two raters;
minimum acceptable reliability (H0)=0.75, expected reliability
(H1)=0.97. The value for expected reliability was based on a

systematic review paper of interrater reliability of the Berg
Balance Scale in a clinical population [22]. We anticipated that
the Berg Balance Scale would be the most difficult test to
conduct via teleassessment.

Therapists will schedule the teleassessments with study
participants and send them a Zoom meeting link that can be
accessed via the provided tablet. During the meeting, therapists
will have access to two documents to help guide them through
the teleassessments: (1) a manual for quick visual reminders,
and (2) a step-by-step data collection form to be completed
during the meeting (Multimedia Appendix 2). Therapist
interactions with the participant will be guided by the Supportive
Accountability Theory [23]. Specifically, therapists will aim to
develop a social relationship/bond and present a social presence
that provides a sense of accountability to enhance participants’
motivation and adherence to the teleassessment protocol. The
procedures for the teleassessments are listed in Textbox 2.
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Textbox 2. General teleassessment procedures.

1. Open data collection form in the box

2. Start videoconference meeting with the participant

3. Build social bond with the participant (introductions and establish rapport)

4. Brief the participant on what the teleassessment will entail and duration (max 2 hours)

5. Ask the participant if their medication has changed and document additions

6. Ask the participant if they have all the necessary equipment and sufficient space

7. Assess the room for safety hazards or obstacles

8. Ensure the participant has adequate privacy

9. Inform the participant to be careful during teleassessments

10. Complete anthropometrics and functional assessments using the data collection form

11. Remind the participant to complete the questionnaires that were sent to them

12. Inform the participant that research personnel will send them a gift card

13. Schedule the next teleassessment follow-up (if applicable)

14. End the videoconference meeting

15. Upload the data collection forms to Box and notify research personnel that testing is complete and to send a gift card

Statistical Analysis
All statistical analyses for the TEAMS study intervention will
be conducted in an intent-to-treat manner at the individual level
considering the multilevel and repeated nature of the data
(participants nested within clinics with 4 time points for every
participant). We will conduct analyses with an additional
time-varying covariate to account for protocol deviations
(rDirectCAM and participants who received teleassessments).
Contrasts and estimate statements will be used to draw
inferences pooling estimates from the original intervention types
(DirectCAM versus TeleCAM). We will conduct sensitivity
analyses with and without the rDirectCAM participants. Given
that the rDirectCAM group was created unexpectedly in
response to COVID-19, this group may not be adequately
powered to detect changes in outcomes.

Regarding the teleassessment interrater reliability examination,
ICC values of 0.5-0.75 will be interpreted as moderate
reliability; 0.75-0.9 good reliability; and 0.9 excellent reliability
[24]. We will also collect feasibility data related to participant
uptake and implementation processes throughout the remainder
of the TEAMS study and publish this in a future paper. These
data will include the (1) number of participants who volunteer

for the teleassessments; (2) number of participants who complete
the follow-up teleassessments at months 3, 6, and 12
postintervention; (3) number of teleassessment tasks completed;
(4) total time in minutes required to complete the
teleassessments; and (5) adverse events.

Results

Recruitment commenced on March 16, 2020, using a
multipronged recruitment strategy. Participants were recruited
via study brochures or word of mouth from MS clinics and
specialists, a large three-state (Alabama, Mississippi, and
Tennessee) community organization network, and through the
networks of a diverse MS stakeholder team that was engaged
in the project [12]. Recruitment is now complete and there are
837 individuals with MS randomized into the study. Data
collection is ongoing. Details on data collected for participant
characteristics (eg, type of MS, disability severity, and functional
mobility) and outcomes are reported elsewhere [12]. The
modified CONSORT (Consolidated Standards of Reporting
Trials) diagram (Figure 6) displays consented, enrolled, and
completed participants, as well as the number of teleassessments
required to complete the study.
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Figure 6. Modified CONSORT (Consolidated Standards of Reporting Trials) diagram reporting the number of teleassessments that need to be completed
and participants who need to undergo rDirectCAM. COVID-19: coronavirus disease.

Discussion

This paper describes a modified teleassessment and teletraining
protocol for the TEAMS intervention due to COVID-19
restrictions on on-site visits. To the best of our knowledge, this
study will also include the largest number of teleassessments
ever conducted in a telerehabilitation/exercise trial for people
with MS.

The study findings will be of great relevance to health
professionals who aim to conduct similar remote, synchronous
telerehabilitation/tele-exercise trials for people with MS and
other disability groups. While the research team matched as
closely as possible the standardized on-site assessment
procedures with the remote teleassessment protocol, the
psychometric properties (ie, validity and reliability) of the
specific teleassessment procedures have not yet been tested.
We aim to establish the psychometric properties of these tests
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once COVID-19 restrictions are lifted. General feasibility data
will be recorded for all participants who undergo the
teleassessments (eg, participants volunteering for the
teleassessments, percentage of tasks completed/not completed,

and time to implement the tests). These findings will be used
to support evidence-based policy decisions regarding
telerehabilitation implementation, development, and
programming.
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Abstract

Background: Cardiovascular disease (CVD) disparities are a particularly devastating manifestation of health inequity. Despite
advancements in prevention and treatment, CVD is still the leading cause of death in the United States. Additionally, research
indicates that African American (AA) and other ethnic-minority populations are affected by CVD at earlier ages than white
Americans. Given that AAs are the fastest-growing population of smartphone owners and users, mobile health (mHealth)
technologies offer the unparalleled potential to prevent or improve self-management of chronic disease among this population.

Objective: To address the unmet need for culturally tailored primordial prevention CVD–focused mHealth interventions, the
MOYO app was cocreated with the involvement of young people from this priority community. The overall project aims to
develop and evaluate the effectiveness of a novel smartphone app designed to reduce CVD risk factors among urban-AAs, 18-29
years of age.

Methods: The theoretical underpinning will combine the principles of community-based participatory research and the agile
software development framework. The primary outcome goals of the study will be to determine the usability, acceptability, and
functionality of the MOYO app, and to build a cloud-based data collection infrastructure suitable for digital epidemiology in a
disparity population. Changes in health-related parameters over a 24-week period as determined by both passive (eg, physical
activity levels, sleep duration, social networking) and active (eg, use of mood measures, surveys, uploading pictures of meals
and blood pressure readings) measures will be the secondary outcome. Participants will be recruited from a majority AA “large
city” school district, 2 historically black colleges or universities, and 1 urban undergraduate college. Following baseline screening
for inclusion (administered in person), participants will receive the beta version of the MOYO app. Participants will be monitored
during a 24-week pilot period. Analyses of varying data including social network dynamics, standard metrics of activity, percentage
of time away from a given radius of home, circadian rhythm metrics, and proxies for sleep will be performed. Together with
external variables (eg, weather, pollution, and socioeconomic indicators such as food access), these metrics will be used to train
machine-learning frameworks to regress them on the self-reported quality of life indicators.

Results: This 5-year study (2015-2020) is currently in the implementation phase. We believe that MOYO can build upon findings
of classical epidemiology and longitudinal studies like the Jackson Heart Study by adding greater granularity to our knowledge
of the exposures and behaviors that affect health and disease, and creating a channel for outreach capable of launching interventions,
clinical trials, and enhancements of health literacy.
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Conclusions: The results of this pilot will provide valuable information about community cocreation of mHealth programs,
efficacious design features, and essential infrastructure for digital epidemiology among young AA adults.

International Registered Report Identifier (IRRID): DERR1-10.2196/16699

(JMIR Res Protoc 2020;9(7):e16699)   doi:10.2196/16699

KEYWORDS

African Americans; mHealth; community-based participatory research; agile design; cardiovascular

Introduction

Background
Health inequity is a vast and complex problem, which defies
simplistic solutions. Cardiovascular disease (CVD) disparities
are a particularly devastating manifestation of health inequity.
Despite advancements in prevention and treatment, CVD is still
the leading cause of death in the United States [1]. It has a
disproportionately worse impact on African Americans, with
approximately 65,000 more deaths annually than projections
based on age and gender alone would predict [2]. Additionally,
research indicates that African American and other US minority
populations are affected by CVD earlier than white American
adults [3,4]. Many factors contribute to this disparity, including
prevalence of CVD risk factors, psychosocial and economic
determinants of health (including education, wealth or income,
literacy, numeracy neighborhood environment, and others), and
insufficient access to quality health and social services [5].

Longitudinal observational studies such as the Framingham
Heart Study and the Jackson Heart Study (JHS) have been
instrumental in identifying CVD risk factors and tracking
outcomes [6]. The JHS in particular has pioneered innovative
participant engagement approaches to assess CVD risk factors
[7]. This study has focused comprehensively on a marginalized
group suffering from health disparities, yielding enhanced
understanding of risk and increased precision of risk
stratification [8]. The JHS has further emphasized community
input and community activism for health and research. The JHS
has demonstrated that deep involvement of the target community
in building a research initiative can facilitate long-term
commitment and retention. A particularly novel and highly
successful aspect of the JHS is its training programs [9]. African
American high school, college, and graduate students are
engaged in subject matter and practicums in epidemiology,
bioethics, statistics, and other disciplines essential to the work
of the JHS. Graduates of these programs have emerged as a new
African American cohort of epidemiologists, physicians,
bioethicists, lawyers, and other professionals. They benefited
from the affiliation with the JHS and are positioned to impact
health disparities across generations.

The lessons of the JHS, learned in the final decade of the 20th
century, are timeless and potentially adaptable and scalable in
light of rapidly advancing technological developments, which
have birthed an age of “digital epidemiology.” Given that mobile
phone ownership is near ubiquitous among Americans [10,11],
mobile health (mHealth) technologies offer unparalleled
potential to prevent or improve self-management of chronic
disease. Co-design with the community, an echo of the JHS

approach, may hold potential for enhanced cultural congruence,
acceptability, and trust of this 21st century approach to
population research in marginalized communities. The
successful community-driven JHS model suggests an important
emergent opportunity to leverage advancements in mobile
technology to better identify environmental and behavioral risks
as well as design and launch interventions that may be
efficacious in reducing risk and improving outcomes. As with
the JHS Scholars Program, intentional involvement of young
people in the cocreation of this initiative (termed “MOYO,”
after the Kiswahili word for heart) will not only introduce them
to the potential of connected technology in health but serve to
demystify and motivate many of them toward science,
technology, economics, and mathematics careers.

Objectives
MOYO will develop an mHealth approach to eliminating health
disparities by (1) co-designing the MOYO app using
community-based participatory and agile design methods; (2)
integrating electronic health record data generated by traditional
methods with data collected “in the wild” (eg, wearables, mobile
phone use, local weather, pollution, and geographic location);
(3) creating a cloud-based system to allow users to view and
track their integrated data over time and improve health care
outcomes; and (4) providing educational and community
outreach to empower participants to cocreate apps for
deployment within the digital ecosystem.

Methods

Design
The MOYO study design will be a longitudinal cohort pilot
study.

Theoretical Framework
The theoretical underpinnings of this project combine the health
belief model (HBM) and social cognitive theory of mass
communication (SCT MC). The HBM and the SCT MC will
be used to develop the formative evaluation measures. In
addition, the community-based participatory research (CBPR)
and the agile software development approaches will be
combined to define the user experience and to design the user
interface. Multimedia Appendix 1 summarizes the similarities
and differences among the principles of these complementary
paradigms. These principles provide a framework and guidelines
that inform the methodology, development, and design of the
MOYO app and the formation of the MOYO app (adapted from
the Agile Alliance’s Manifesto [12-14]).
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Health Belief Model
The HBM will be used to allow for a systematic exploration to
understand the target population’s attitudes and beliefs toward
the capacity of mobile apps to facilitate behavior change,
identify the features of health-focused apps that are the most
and least desirable, and define the health-focused app elements
that encourage long-term app use. The five relevant constructs
of the HBM that will be used are perceived benefits, perceived
barriers, perceived threats, self-efficacy, and cues to action.
Adhering to CBPR methodology, the Morehouse School of
Medicine, the Prevention Research Center, and the Community
Coalition Board will work with the MOYO team to develop
validated, culturally tailored focus group questions.

Social Cognitive Theory of Mass Communication
The SCT MC approaches will augment the use of CBPR and
agile design approaches to gain a comprehensive understanding
of the design features desired by the target population. The SCT
MC, which is based on the original four constructs of the social
cognitive theories (ie, self-efficacy, use of incentive motivation,
social environment, and reciprocal determinism) will provide
a framework for the analysis of psychological mechanisms
through which media and communication influences human
behavior [15].

Community-Based Participatory Research
CBPR is a research approach that emphasizes
community-academic partnership and shared leadership in the
planning, implementation, evaluation, and dissemination of

initiatives [14]. Persons representing our target population will
be invited to join the MOYO Project Advisory Board (MPAB).
The function of the project advisory board will be to involve
community members in all phases of the research process. The
MOYO-community partnership will implement the nine
principles of CBPR to answer our research questions related to
community relevance while addressing community-identified
social, structural, physical environmental, and policy priorities.
To achieve this measure, the study team will have members of
the MPAB define the opportunities and threats to community
adoption of the MOYO app. Further, we will use the agile
software development framework to address the opportunities
and threats presented by the MPAB.

Agile Software Development Framework
Consistent with CBPR principles, we did not make a priori
assumptions about community needs or preferences in a
health-focused app. Therefore, the conventional Waterfall
method, typically employed in app design, was rejected in favor
of an adaptive software development methodology known as
Agile Design. A series of “sprints” and “scrums” define the
process, with sprints representing the individuals in the process
working on focused individual components [16]. Weekly, the
research and design teams will assemble (in a scrum) to merge
code, refine concepts, and produce an intermediate product for
testing. This process will be repeated until a stable minimum
viable product is produced. Table 1 compares and contrasts the
principles of CBPR and the agile software development
framework.
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Table 1. Key and complementary principles of agile software development and community-based participatory research.

Agile software developmentCommunity-based participatory
research

Principles

N/Aa✓Promotes collaborative and equitable partnerships in all research phases and involves
an empowering and power-sharing process

✓N/ACustomer (user) satisfaction through early and continuous delivery of useful software

N/A✓Recognizes community as a unit of identity

N/A✓Builds on strengths and resources within the community

✓N/AWelcomes changing requirements, even late in development

✓N/AFrequently delivered software (weeks rather than months)

✓✓Facilitates colearning and capacity building among all partners (eg, integrates knowl-
edge and action for mutual benefit of all partners)

✓N/AProjects are built around motivated individuals who should be trusted to complete the
task(s)

N/A✓Focuses on problems of relevance to the local community using an ecological approach
that attends to multiple determinants of health and disease

N/A✓Balances research and action for the mutual benefit of all partners

✓N/AFace-to-face conversation is the best form of communication

N/A✓Disseminates findings and knowledge gained to the broader community and involves
all partners in the dissemination process

✓N/AWorking software is the primary measure of progress

N/A✓Promotes a long-term process and commitment to sustainability

✓N/ASustainable development, able to maintain a constant pace (eg, agile processes promote
sustainable development)

✓N/AContinuous attention to technical excellence and good design enhances agility

✓N/ASimplicity—the art of maximizing the amount of work not done—is essential

✓N/ASelf-organizing team

✓N/ARegular adaptation to changing circumstance

aNot applicable.

Research Population
African Americans 18-29 years of age who frequent our
recruitment locations in Atlanta, Georgia will be invited to
participate in the MOYO study.

To be enrolled in the study, potential participants must meet all
of the following inclusion criteria: (1) be self-identified as black
or African American; (2) be between the ages of 18 and 29
years, inclusively; and (3) own an iOS or Android-based
smartphone. Potential study participants will be excluded if they
are younger than 18 years.

Recruitment and Data Collection Procedure
To recruit persons toward the lower end of our age inclusion
criteria, we plan to engage high school seniors enrolled in one
Atlanta, Georgia-based school district. The school district is
characterized as a “large city” school district serving 79.15%
self-identified black or African American students [17], and
74.44% of the students receive free or reduced lunch [18].
Additionally, recruitment will take place at the undergraduate
serving institutions in Atlanta, Georgia. Each historically black
college or university recruitment location is a 4-year institution,
where the average cost of attendance is US $34,130 and average

estimated salary after attending is US $41,433 [19-21]. In
addition, the state college recruitment site is a 4-year institution,
where the annual cost of tuition is approximately US $5346,
and the estimated salary after attending is US $28,000 [22]. To
engage an “out-of-school“ population, participants will be
recruited from city of Atlanta job placement and vocational
skills training initiatives, which serve Atlanta residents 17-24
years of age.

Furthermore, MOYO will implement community-wide,
event-based recruitment strategies. Similar to a hack-a-thon,
MOYO’s events-based recruitment strategy will convene
age-eligible participants to engage in health disparity-based
problem solving. At each of these “HealthTech Events,” the
participants will be introduced to the impact of national and
local disparities in CVD outcomes among urban-African
Americans. They will also engage in the design-thinking process
to problem solve through the application of technology and
analyze key features of mobile- or internet-based development
to design, prototype, and implement systems for human-centered
computing. The design-thinking process is a problem-solving
framework, which was adopted to emphasize human-centered
research, diverse teamwork, and rapid prototyping. [23] This
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user-centered design strategy will result in prototypes of the
end user’s version of an optimally designed and maximally
functional MOYO app.

Prospective Data Collection
Prior to entry into the study, participants will be screened for
inclusion and exclusion criteria. Once eligibility criteria are
met, participants will complete a baseline assessment to be
administered via email. The baseline assessment will include
questions on demographics (age, gender, self-reported race,
education, parents’ education, socioeconomic status); personal
and family health history; medication history (prescription and
over-the-counter medications); other medical problems,
particularly diabetes or uncontrolled hypertension; medical or
surgical events and illness history; and history of current mania,
psychotic disorder, or substance dependence.

Physical Activity
Activity is logged several times a second from the phone’s
accelerometer to provide information on sleep and changes in
physical activity levels. Notably, we do not collect absolute
location to preserve privacy.

Mental Health and Well-Being
We will measure the complexity of social network and mood
or behavior from phone call logs and text messages. Again, the
identity of the sender and recipient, and the content of the
conversation or text message is not recorded, only the type of
word in a text message as represented in the Linguistic Inquiry
and Word Count dictionary [24,25]. Apart from these automatic

measures, the user can self-report using standard scales such as
the Patient Health Questionnaire-9 [26].

Environment
The app also includes data triggered from the user’s location
including relative distance travelled from home, weather,
pollution levels, local restaurant proximity, and the degree to
which the current location is a food desert.

Nutrition
Food choices will be logged via text description or photograph.

Sleep Quality
Sleep quality metrics will be collected from activity and heart
rate data using low-cost wearables.

Vital Signs
Blood pressure and heart rate will be collected by typing text
or taking a picture of the device such as a health kiosk in a
pharmacy. In addition to the app, heart rate and activity can be
captured using a wearable.

Electronic Health Records
Finally, electronic medical record data can be captured via the
Fast Healthcare Interoperability Resource protocol [27]. All
data will be pushed to Amazon Web Services in a deidentified
manner, and users can log on to see a basic dashboard of their
data. At a later date, we intend to engage the users to learn how
to manipulate their data via the cloud to build personalized
models and improve the dashboard for individuals. Figure 1
illustrates the MOYO smartphone app framework for data
collection and secure storage in the cloud.
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Figure 1. Schematic of app-cloud framework for securely collecting health and activity data. API: application programming interface; AWS: Amazon
Web Services; EC2: Amazon Elastic Compute Cloud; FHIR: Fast Healthcare Interoperability Resources; JWT: JSON Web Token; REST: representational
state transfer; RDS: Relational Database Service; S3: Amazon Simple Storage Service; SQL: Structured Query Language; VPC: virtual private cloud.

Outcome Measures
The primary outcome measures will assess changes in
health-related parameters over a 24-week period as determined
by both passive (eg, physical activity levels, sleep duration,

social networking) and active (eg, use of mood measures,
surveys, uploading of pictures of meals and blood pressure
readings) measures. Figure 2 details the participant flow through
the MOYO pilot study.
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Figure 2. Participant flow and pilot study procedures and assessments. MMS: multimedia messaging service.

Statistical Analysis
Data from social network dynamics will standardized metrics
of activity, percentage of time away from a given radius of
home, circadian rhythm metrics, and proxies for sleep [28].
Together with environment variables (ie, weather, pollution,
and socioeconomic indicators such as food quality access), these
metrics will be used to train machine-learning frameworks to
regress them on the self-reported quality of life indicators.
Because this is the first time this has been done in this type of
population, it is impossible to estimate effect size and perform
a power calculation. In recent works, we showed that this type
of approach is powerful in estimating the self-reported quality
of life (using a standard scale) in heart failure and patients with
bipolar disorder [28,29]. We intend to perform similar analyses

on this current cohort to identify changes in mental and physical
health as defined by the validated self-report scales.

Results

This 5-year funded study (2015-2020) is currently in the
implementation phase and will run through August 2020. To
date, we have enrolled and collected ongoing data from 112
individuals, providing data continuously over a period of up to
two years, indicating that there are few barriers to the use of the
framework described here. We believe that MOYO can build
upon findings of classical epidemiology and longitudinal studies
like the JHS by adding greater granularity to our knowledge of
the exposures and behaviors that affect health and disease, and
creating a channel for outreach capable of launching
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interventions, clinical trials, and enhancement of health literacy.
The study findings will be communicated through peer-reviewed
publications and webinars.

Discussion

We have demonstrated in this phase of our MOYO project that
community-based participatory principles can be effectively
combined with Agile Design approaches to allow novel mHealth
interventions for marginalized communities. This phase of our
work is a prologue to the broader deployment and testing of the
health app, which aims to better define risk and promote
prevention among marginalized groups suffering health inequity.

Health disparities are a persistent, pernicious fact of American
life that, in the words of former HHS Secretary Margaret
Heckler, are an affront both to our ideals and to the ongoing
genius of American medicine [30]. The last 3 decades have seen
a growth of literature documenting this problem. Potential
solutions to these issues have been far less frequently set forth
and realized.

mHealth capabilities and the nearly universal adoption of the
cell phone represent a potential “leveling of the (health) playing
field.” The collection of critical individual, biometric, and
environmental data, at a previously unachievable granularity
and scale, combined with uniform and broad access to possible
intervention are made possible through technology.

Unlike the often inequitable and spotty American system of
health care, cell phone use covers a much wider proportion of
the population with increasingly smaller differences in adoption
among American ethnoracial groups. Although the digital divide
persists, African Americans (and the Latinx population) rely

heavily on smartphones for health information and educational
material [28]. If leveraged wisely, mHealth could influence
bio-psychobehavioral aspects of health and wellness on an
unprecedented scale. If applied early in the lifespan, we may
disrupt the morbid trajectory, which can take hold in youth and
produce excess death and disability by middle age among blacks
and other disadvantaged minorities. MOYO is an early effort
to establish a platform that will have high rates of use in health
disparity communities by adopting the principles that embrace
community engagement from inception to implementation.
Furthermore, the deep involvement of young users from a
historically marginalized group (including training of a selected
subset in basic programming) stimulates interest and broadens
knowledge in technology for both academic and career
opportunities in this underrepresented group.

MOYO leverages four distinct but related research
methodologies: CBPR, Agile Design, HBM, and SCT MC. It
fuses modern approaches to intervention and technology design
to address health inequities and empowers a new generation to
improve their health, health literacy, technical literacy, and, as
a result, their educational and economic potential. An app
designed for deep insights into health requires deep data mining
and, therefore, deep trust toward ownership and sustainability
among the target population. We adopted a cocreation approach,
which involves the young African American population in the
technology from the ground-up. By imparting programming
skills to a subset of the target demographic, they are becoming
advocates and vested creators in the technology. With
nonpermissive open-source licensing, it also provides a substrate
for the target population to create sustainable and profitable
innovations, potentially providing further economic
empowerment and technology training opportunities.
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Abstract

Background: Participation in clinical trials among people of color remains low, compared with white subjects. This protocol
describes the development of “Advancing People of Color in Clinical Trials Now!” (ACT Now!), a culturally tailored website
designed to influence clinical trial decision making among people of color.

Objective: This cluster randomized study aims to test the efficacy of a culturally tailored website to increase literacy, self-efficacy,
and willingness to enroll in clinical trials among people of color.

Methods: ACT Now! is a randomized trial including 2 groups: (1) intervention group (n=50) with access to the culturally
tailored website and (2) control group (n=50) exposed to a standard clinical recruitment website. Clinical trial literacy and
willingness to enroll in a clinical trial will be measured before and after exposure to the website corresponding to their assigned
group (intervention or control). Surveys will be conducted at baseline and during the 1-month postintervention and 3-month
follow-up. Website architecture and wireframing will be informed by the literature and experts in the field. Statistical analysis
will be conducted using a two-tailed t test, with 80% power, at .05 alpha level, to increase clinical trial literacy, self-efficacy, and
willingness to enroll in clinical trials 3 months post intervention.

Results: We will design a culturally tailored website that will provide leverage for community stakeholders to influence clinical
trial literacy, self-efficacy, and willingness to enroll in clinical trials among racial and ethnic groups. ACT Now! applies a
community-based participatory research approach through the use of a community steering committee (CSC). The CSC provides
input during the research study conception, development, implementation, and enrollment. CSC relationships help foster trust
among communities of color. ACT Now! has the potential to fill a gap in clinical trial enrollment among people of color through
an accessible web-based website. This study was funded in July 2017 and obtained institutional review board approval in spring
2017. As of December 2019, we had enrolled 100 participants. Data analyses are expected to be completed by June 2020, and
expected results are to be published in fall 2020.

Conclusions: ACT Now! has the potential to fill an important gap in clinical trial enrollment among people of color through
an accessible web-based website.

Trial Registration: ClinicalTrials.gov NCT03243071; https://clinicaltrials.gov/ct2/show/NCT00102401

International Registered Report Identifier (IRRID): DERR1-10.2196/17589

(JMIR Res Protoc 2020;9(7):e17589)   doi:10.2196/17589
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Introduction

Clinical Trials Health Disparities
Racial and ethnic minority individuals in the United States are
consistently underrepresented in clinical trials [1]. Paradoxically,
these groups are disproportionately affected by the leading
causes of chronic disease and mortality compared with whites
[2]. Participants in clinical trials are typically educated, white,
and from the middle class [3,4], limiting the external
generalizability to people of color (ie, African American,
Hispanic, Asian, and Native American) [5,6]. Limited scientific
evidence on effective solutions to address the health of racial
and ethnic minority groups contributes to the health disparities
gap. Identifying treatments to ameliorate the burden of disease
experienced by people of color requires increased participation
in clinical trials. This study will investigate the effectiveness
of a culturally tailored website to increase knowledge,
self-efficacy, and willingness to enroll in clinical trials among
people of color in the New York City area.

Background
Factors that may affect racial and ethnic group decision making
to participate in clinical trials include the following: patient
mistrust, perceived racial discrimination, transparency,
awareness, culture and language, health literacy, invitation to
participate in a clinical trial, social support, health insurance
coverage, and pre-existing comorbidities [7-18]. Research
suggests that African American and Hispanic enrollment in
pharmacology clinical trials for cancer drugs and cystic fibrosis
are particularly low [19,20]. Addressing the many barriers to
clinical trial enrollment is critical to increasing minority
enrollment in clinical trials research. We particularly aim to
increase the health literacy of the many types of clinical trials
that go beyond pharmacological drug testing. To that end, we
aim to increase minority willingness to enroll in evidence-based
interventions, including mechanistic, exploratory, pilot studies;
interventional trials; and behavioral trials [21]. To engender
higher decision making among people of color to enroll in
clinical trials, we propose an accessible, culturally adapted,
electronic health (eHealth) educational tool to enhance clinical
trial literacy among racial and ethnic groups. Pew Research
Center reported that 88% of blacks and Hispanics use the
internet, broadly serving as an opportune channel for clinical
trial health education [22]. Through focus groups among people
of color, we plan to address collective concerns and lean into
cultural learning and concerns about research engagement
among people of color, as part of developing a representative
tool for collective decision making [23]. A culturally tailored
website may be an optimal strategy for influencing clinical trial
decision making to enroll in clinical trials through a channel
the target population is already engaged with, the internet [22].
Educational tools that address the issues and concerns related
to clinical trial enrollment may aid in bridging the gap between
academic research institutions and communities of color.

Health literacy is a key indicator that influences the decision to
participate in clinical trials [24]. Health literacy is the ability to
understand and act upon information to make recommended
health decisions. Examples of proficient health literacy include

understanding food labels, prescription medication use, and
navigating the health care system [25]. Unfortunately, only 12%
of American adults show proficiency in broad health literacy
[26]. This is an important finding, as individuals with low health
literacy are challenged by web-based clinical trial search engines
[27]. Health literacy is a key social determinant of identifying
and enrolling in clinical trials and has been associated with poor
health outcomes among population subgroups, including people
of color [27-29]. Given the low national health literacy rates,
we decided to specifically focus on clinical trial literacy domain
knowledge gains, as they predict the related outcomes of clinical
trial literacy and willingness to enroll in a clinical trial.

In this study, we describe the process of developing and testing
Advancing People of Color in Clinical Trials Now! (ACT
Now!), a culturally tailored website to promote clinical trial
participation among minority groups. Through the involvement
of community members, academic researchers, and clinicians,
this study will bridge the gap between groups to develop and
disseminate a culturally tailored website to increase clinical
trial decision making to enroll in clinical trials among people
of color.

Objective
This study will evaluate the effectiveness of a culturally tailored
website to influence clinical trial decision making among people
of color. Given the individual interface with the website,
intrapersonal factors related to clinical trial literacy and
self-efficacy were identified as predictors of how willing
participants are to enroll in a clinical trial. Self-efficacy, one’s
confidence in carrying out a behavior, has been consistently
identified as a predictor of behavior change [30]. To this end,
we identified self-efficacy and clinical trial health literacy as
predictors of health behavior change. The multidisciplinary
team will study the following aims:

1. To evaluate the efficacy of a culturally tailored website,
compared with the New York University (NYU) Langone
Health’s standard clinical trial website, using a randomized
group design, to assess decision making related to
willingness to enroll in clinical trials. We hypothesize that
participants exposed to the culturally tailored intervention
website will increase their clinical trial literacy and
self-efficacy and thereby increase their decision making
related to willingness to enroll in clinical trials, compared
with those exposed to the standard NYU website (control).

2. To determine if intrinsic psychosocial factors (clinical trial
awareness, health literacy, and self-efficacy), demographic
factors (including socioeconomic, gender, and age), and
medical factors (risk behavior, history of preventive
behavior, and clinical diagnoses) would moderate the
likelihood of enrolling in a clinical trial when exposed to
the culturally tailored intervention website. We hypothesize
that participants’decision making to enroll in a clinical trial
will be mediated by increased health literacy and
self-efficacy, independent of their knowledge,
attitudes/beliefs, intrinsic motivation, social support, and
socioeconomic position.
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Methods

Framework
Our design and testing of ACT Now! are based on the National
Institutes of Health (NIH) behavior change consortium and
consolidated standards of reporting trials (CONSORT)
statements to inform its development [31]. Following a
community-based informed approach, the guidelines of the
CONSORT statements will ensure implementation fidelity and
thereby enhance internal validity and generalizability. Formative
evaluation, including ongoing qualitative feedback on process
evaluation with the community steering committee (CSC)
members and qualitative debriefing sessions for participants to
provide open-ended feedback, along with quantitative surveys,
will ensure that the study components are feasible and acceptable
to participants and stakeholders.

Study Design
ACT Now! uses a randomized controlled trial design to assess
the following patient outcomes: (1) willingness to enroll in
clinical trials and (2) behavioral intention to enroll in clinical
trials. The participants’ recommendations to others about clinical
trials will evaluate exposure before and after the culturally
tailored clinical trial literacy intervention website. Participants
will be randomized into two groups: (1) the intervention group
(n=50), which will have access to the culturally tailored website
in the study setting [32]; and (2) the control group (n=50), which
will have access to the NYU Langone’s standard clinical trial
website in the study setting [33].

At the onset of the 2-year study time frame, starting from July
2017 and ending in June 2019, refinement of study components
with stakeholders, community leaders, researchers, and
clinicians will be decided based on mutually agreed consensus.
The formative period will allow for staff training,
standardization of procedures, identification and onboarding of
CSC members, and endorsement of the recruitment and
implementation plan during focus groups. On development of
the culturally tailored clinical trial website, participants who
may be equally eligible for any NYU study will be recruited
through community health fairs or the CSC member referrals.
Alternate-sequencing random order will be used to randomly
assign participants to the intervention or control website. The
participants’ viewership and engagement with the website will
be monitored using Google Analytics and Squarespace metrics.
An institutional review board (IRB)–approved informed consent
form was administered before study participation.

Community stakeholder partnerships will engender trust, which
is necessary to ensure the implementation of our protocol and
sustainability beyond study completion [34]. Through the
engagement of our standing CSC led by a senior health educator,

we will make inroads toward sustainable relationships for
community-based research by engaging our CSC. Trusted
members of the community liaise between academic and health
care settings to translate concerns of the people they represent.
The CSC members represent a gender-balanced, racially diverse
group of people who are active on their community boards, in
churches, and in the field of public health. Thus, we will employ
community-based participatory research [35], an approach that
works with the community as equal partners in research, to
formulate project aims and develop and execute our research
implementation plan.

Partnership with the CSC will be instrumental in developing a
website that resonates with our target population. Quarterly
meetings with the CSC are critical to website development and
recruitment. CSC members will recruit participants at a neutral
place of their choosing or a community site (ie, library, church,
their home, or NYU Center for Healthful Behavior Change).
This approach includes standardization of recruitment
procedures by training CSC members and complying with a
checklist of procedures during participant enrollment.

Participants will be eligible for the study based on the following
criteria: self-identified as a person of color, ≥18 years old,
literate, and resident in the New York area for at least three
months after enrollment. On enrollment, IRB consent and
baseline surveys will be completed via Qualtrics, lasting about
25 min. At baseline, participants will receive a US $25 gift card
and a Wi-Fi–enabled iPad, preloaded with intervention or control
materials on the browser. A research assistant will familiarize
participants with the iPad, including how to access the
intervention or control websites. Participants who have access
to the intervention website will be granted a password-protected
log-in to prevent cross-contamination exposure to both websites.
After participants complete the study, voluntary debriefing
sessions will be offered. They will then be scheduled for their
1-month follow-up visit, and the researchers will thank them
for their time.

At the 1-month follow-up, participants will return their iPads
to the NYU Langone’s Center for Healthful Behavior Change
and receive US $50 as compensation for their participation and
time. The participants will complete the surveys 1 month post
intervention and during their 3-month follow-up.

During the final 3-month visit, participants will receive US $25
and complete the final surveys. Participants will have the
opportunity to voluntarily debrief about their experience in the
study. The research associate will thank them for their time.
Participants assigned to the control arm will receive access to
intervention resources no later than 3 months after their last
visit. Figure 1 shows the study flowchart with the main study
outcome measures.
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Figure 1. Study diagram illustrating participant flow throughout the study cycle.

Ethics Approval and Consent to Participate
This study received approval from the NYU IRB in 2017. Study
modifications are communicated to the IRB as modifications
occur. We will communicate the IRB-approved amendments
to trial participants.

Community Steering Committee
In total, 3 CSC members will be identified by the lead health
educator of the Center for Healthful Behavior Change. The CSC
members will complete the collaborative institutional training
initiative certification and be trained on study responsibilities
and expectations. The CSC members will receive US $150 for
each session, for a total of 6 meetings over the course of the

2-year study. The CSC members will participate in focus groups
to aid the research team in identifying the following information:
(1) beliefs and attitudes about clinical trials, (2) beliefs and
attitudes about minority involvement in clinical trials, and (3)
beliefs and attitudes regarding clinical trials from people in their
community. They will also provide feedback on the culturally
tailored website landing page, study materials, video
testimonials, and the recruitment process.

Culturally Tailored Intervention Website Development
Website design will begin with storyboarding, an outline of the
digital story elements on the website [36], and information
architecture, the way website content is displayed and affects
user interactions with the website [37] that are informed by
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previous findings in the literature and expert knowledge of NYU
faculty. This process will begin by reviewing data previously
collected from clinical trials, which led to improved prevention
strategies, treatment approaches, and recommendations for the
medical management of people of color. We will identify key
themes and brainstorm ideas that craft the appropriate message
for the target audience at a sixth-grade reading level. This might
include describing the data in the form of visual pictures,
infographics on health disparities, and videos, while minimizing
the use of words. We will survey web-based resources to guide
the innovative creative process and development of additional
content. Furthermore, we will discuss website design in an
attempt to plan the layout according to how the user will
navigate and process the information on the website.

After viewing the educational health materials, we will create
a rough draft using concepts from the storyboard and
wireframing session. We will visit this over several days before
the CSC and expert panel reviews it. Finally, we will create
infographics for the subheading section titled, What is a Clinical
Trial? Video interviews with NYU faculty members of color
will be included to reflect diverse representations of researchers
and clinicians who could speak about the importance of
including people of color in clinical trials, including benefits to
the community. In addition, a video animation welcoming
people to the website and providing an overview of the website
will be a part of the welcome page.

Cognitive walk-through, how a person applies problem-solving
techniques to learn through their interactions with a website
and discover system limitations [38] and heuristic usability,
evaluating the website design and literacy [39] testing will be
conducted by an informatics specialist (YI). The specialist will
address technical issues, layout, design, and literacy level
appropriateness of the website. Consistent with previous
research and testing of culturally tailored websites [40],
think-aloud sessions, where participants verbalize their thought
process when interacting with the website [41], will be held
with 12 people reflective of the target population demographics,
with a diverse age, gender, and race sample, to examine website
navigation and content validation concerns [41,42]. Cognitive
walk-through of study surveys allows for editing and
troubleshooting corrections and time determination of
approximately 25 to 30 min to complete the study.

Participants enrolled in the intervention condition will be
exposed to the tailored website, which will have 7 sections of
content including the welcome page: Disparities and Research,
Clinical Trials, Research Success, Words Used in Research,
Clinical Trial Resources, and Our Mission. In addition to the
ACT Now! landing page, each page explains the content in the
video and print format. The ACT Now! landing page (Figure 2)
includes a video animation welcoming the user to the website
and providing a summary of the website content and the
importance of increasing enrollment in clinical trials among
racial and ethnic groups. The cartoon characters depict different
ages, skin tones, cultural and religious markers (eg, the hijab),

and disability status. Infographics on disparities in clinical trials
and the need for minority representation in research to address
chronic conditions (ie, breast cancer and diabetes), images of
people of color interacting with health care professionals, and
an iPad include pictures of patients and providers interacting
as well as descriptive narrative content.

The Disparities and Research section includes 3 paragraphs
describing how social determinants such as race, ethnicity, age,
education, and income affect health outcomes and how
increasing diversity in research may help identify solutions to
reducing health disparities. This information will explain health
disparities in research by an NYU faculty member and physician
embedded in video format on the website. Similarly, the Clinical
Trials section includes the following subheadings: What is a
clinical trial?, What are the steps of a clinical trial?, Common
barriers in a clinical trial?, Reluctance to participate in clinical
trials?, and Importance of participation in clinical trials?
(Figure 3) Each subheading page will include 1 to 3 paragraphs
on the page topic and a video of an NYU faculty member of
color. Each page will have information explaining what takes
place during clinical trial research and explain clinical trial
involvement from the participant’s point of view. Website topics
include the role of the IRB, participant time, compensation, and
acknowledging historical events in America that may have led
to patient mistrust, such as the Syphilis Study at Tuskegee. This
section will explain that research participation is voluntary and
that safeguards are in place to protect the rights of the
participant.

The Research Success section of the website will include 3
subheadings: How has research benefited my community?Areas
of needed improvement, and Testimonials. The How has
research benefited my community? section will include
information on the role of research in neighborhoods of people
of color, such as Harlem, to provide screenings and behavioral
health interventions to reduce chronic disease risk factors. This
section provides information regarding successful behavioral
health interventions in the community, such as barbershops,
that have increased screening and treatment rates for African
American men, who are typically underserved. The Words Used
in Research section includes definitions of a glossary of terms
used throughout the website. The Clinical Trial Resources
section explains the safeguards in place to protect a person
enrolled in clinical trial research, with hyperlinks to the NIH
and ClinicalTrials.gov as additional sources that explain the
process. The Find a Clinical Trial section will include
hyperlinks to clinical trials at NYU and the NIH organized by
the hyperlink disease state. The final Our Mission section will
an image of the Center for Healthful Behavior Change staff, the
name and contact information of the principal investigator, key
faculty and staff, and acknowledgment of the funding source.

On study completion, all participants in the control arm of the
study will have access to the intervention site via a partner
community website.
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Figure 2. Landing page screenshot of study including subheading menus and cartoon animation describing clinical trials.

Figure 3. Joseph Ravenell, MD describing the different types of clinical trials, including community-based research.
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Measures
Screening questions will take about 5 min. Participants will
complete the survey measures at baseline, 1-month follow-up,
and 3-month follow-up. Baseline data collection and subsequent
measures will take approximately 25 min each for eligible
participants enrolled in the study. We will use Qualtrics software
to capture survey data entry in real time. Secured access to
participant data is only available through the NYU Langone
Health password log-in–required secure portal. We will code
surveys before statistical analysis using validated survey tools.
The clinical trial sponsor did not deem that a data monitoring
committee was necessary.

Sociodemographic Variables
Sociodemographic variables will include age, race, insurance
status, level of education, employment status, marital status,
and annual household income.

Health Status and Chronic Conditions
The medical outcomes study questionnaire short form 36 health
survey is a validated 36-item instrument that serves as an
indicator of overall health status. This survey has a Cronbach
alpha reliability score of approximately .80. Estimates of
reliability in the physical and mental sections are typically above
0.90. The eight sections of the tool examine vitality; physical
functioning; bodily pain; general health perceptions; physical,
emotional, and social role functioning; and mental health [43].
These eight sections include scaled scores that are weighted
sums of questions in each section.

Clinical Trial Literacy
Researchers at the NYU Center for Healthful Behavior Change
and the University of California, Los Angeles, developed and
validated a 24-item survey instrument to assess clinical trial

literacy and attitudes across a diverse sample of 400 participants.
Survey items will be developed in partnership with the CSC
members to help assess literacy level appropriateness. Likert
scale responses ranged from definitely false to definitely true.
Sample survey items include “A clinical trial is a research study
that involves people.” and “Research is important to improve
the health of people of color.” Item score correlations ranged
from 0.45 to 0.68, and Cronbach alpha based on Pearson
correlations was .93.

Message Effectiveness Scale
Culturally tailored messages are more effective when they
resonate well with specific populations to improve targeted
behavior outcomes [44]. An assessment of website content will
ascertain what was more influential in increasing the willingness
of the participants to enroll in a clinical trial. The 14-item
message effectiveness scale [45] will be completed 1 month
postintervention to assess user acceptance.

Internet Self-Efficacy Scale
The internet self-efficacy scale will measure the self-confidence
of users in using the iPad and the internet based on a 5-point
Likert scale response option. The 8-item survey reported a
Cronbach alpha of .93 [46].

Willingness to Enroll in a Clinical Trial
The willingness of the participants to enroll in a clinical trial
will be assessed based on 3 hypothetical trials on a scale from
1 (not willing) to 5 (very willing). Clinical trial vignettes are
based on weight loss, hypertension treatment, and cancer
treatment [47]. Cronbach alphas of .6 and .8 were reported for
the Corbie-Smith distrust in clinical research index and the
primary care assessment survey trust subscales, respectively.
Table 1 displays an overview of the study measures at baseline,
1 month, and 3 months.

Table 1. Study outcome measures.

3 months1 monthBaselineMeasures

——bXaDemographic and clinical variables

——XMedical outcomes study questionnaire short form 36

——XNational assessment for adult literacy

XXXClinical trials literacy

XXXMessage effectiveness scale

aX denotes what measure to ascertain.
bEmpty cells signify not to capture the measure at the timepoint.

Recruitment
The CSC members will be recruited via the word-of-mouth
snowball method and will occur at a place of their choosing in
a neutral community site (ie, library or faith-based organization).
Although effective eHealth frameworks exist for eHealth clinical
trial recruitment [47], the CSC took ownership of the study
recruitment process. Eligible participants enter into a research
arm based on a predetermined randomization spreadsheet.
Nondisclosure of group assignment during enrollment blinds
trial participants to intervention arm assignment. This

randomized approach includes standardizing recruitment
procedures by training the CSC members and complying with
a checklist of procedures during participant enrollment. The
CSC members will be trained in study recruitment procedures
before launching the study, including thorough role-playing of
participant enrollment and troubleshooting of iPad equipment.
NYU staff accompany the CSC members during participant
enrollment to ensure consent forms are signed in compliance
with the NYU Langone Health regulations.
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Power
Using a medium effect size (d=0.32) and a sample size of 100,
this study will be adequately powered (>80%) to detect
significant differences between participants with improvements
in health literacy scores. A significant increase in the number
of participants in the intervention arm who are willing to register
for clinical trials can also be detected. Actual registration in a
clinical trial is not measured.

Statistical Analysis
Paired t tests and chi-square tests will be conducted to compare
participants who exhibited improvement in health literacy
compared with those who did not. A logistic regression model
will determine which factors are associated with a higher
likelihood of (1) enrolling in a clinical trial and (2) referring
others to participate in clinical trials as well, based on baseline
factors. A two-tailed test, at 80% power and an alpha of .05,
comparing 25% with 45% would require 50 participants enrolled
in each arm. This will allow for differences to be assessed in
participation rates. In addition, a 23% attrition rate is taken into
account when considering the mediating and contextual factors
between tailored clinical trial messages and participation rates.
The attrition rate is based on our previous study experience with
a similar study design. We plan to prevent study attrition with
biweekly check-ins with participants regarding iPad
troubleshooting, website engagement, and/or general study
questions.

Communication on trial results will be disseminated to the
scientific community via a peer-reviewed publication. A CSC
meeting will be held at study completion to share trial results
with community stakeholders.

Results

We will design a culturally tailored website that will provide
leverage for community stakeholders to influence clinical trial
literacy, self-efficacy, and willingness to enroll in clinical trials
among racial and ethnic groups. ACT Now! applies a
community-based participatory research approach through the
use of a CSC. The CSC provides input during the research study
conception, development, implementation, and enrollment. CSC
relationships help foster trust among communities of color.
ACT Now! has the potential to fill a gap in clinical trial
enrollment among people of color through an accessible
web-based website. Funded in July 2017 and obtained IRB
approval in spring 2017. As of December 2019, we had enrolled
100 participants. Data analyses are expected to be completed
by June 2020, and expected results are to be published in fall
2020.

Discussion

Principal Findings
The significance of this study is its patient-centered approach
to addressing minority enrollment in clinical trials. Building
the intervention website in partnership with community leaders
in a way that values their perspective is an important cornerstone
of our study. Eliciting community feedback throughout the

process of website development and recruitment is crucial to
ensure acceptability and dissemination of the message regarding
the importance of participation in clinical trials. Logistical
challenges with administrative onboarding of the CSC members
slowed down study initiation. In addition, securing iPads with
the appropriate access restrictions and image permissions and
website vendors were operational hurdles. However, building
inroads in the community can erect bridges where barriers once
existed and allow for involvement in community-based research
in the future.

Previous interventions to increase minority enrollment in clinical
trials have focused on just one racial or ethnic group (ie, African
American or Asian) [5,48], gender [49], or are heavily focused
on drug or biologic testing (ie, cancer) [50,51]. ACT Now! uses
an inclusive approach, targeting all groups of color (ie, African
American, Asian American, and Hispanic). This study could
be adapted by different interest groups to be used for future
clinical trials for recruitment efforts, awareness platforms, and
education efforts, such as the All of Us research program, which
aims to create a diverse racial and ethnic database of patient
health information [52]. In addition, this study is neither gender
specific nor age specific, aiming to address women and
nongender binary people of color who are typically not
represented in clinical trial research as well [53]. ACT Now! is
inclusive of individuals of varying racial, gender, age, and sexual
orientation to reduce misconceptions and address barriers to
research [7].

Engaging people of color in the study process has effectively
increased knowledge about clinical trial research, such as in the
Asian American community. Ma et al [5] applied the
community-based participatory research approach for the
development, tailoring, implementation, and evaluation of an
intervention to increase Asian American representation in
clinical trials. Community-based organizations and community
health educators significantly increased clinical trial knowledge
among 247 participants. Benefits to science and the larger Asian
American community were found to be the most important
factors to emphasize when aiming to enhance Asian American
participation in clinical trials [5]. Similarly, ACT Now! will
include people of color as part of the CSC to provide feedback
on key content areas, layout, and design of the culturally tailored
website, to better resonate with the target population.

ACT Now! aims to address clinical trial literacy across a diverse
group of racial and ethnic minority groups, as well as
self-efficacy and decision making to enroll in clinical trial
research, using a CSC to guide development and recruitment.
Wells et al [49] applied a cultural competency and recruitment
training program (CCRTP) to increase minority enrollment in
cancer clinical trials. Significant improvements were found in
knowledge and attitude measures post intervention. Minority
participation in clinical trials increased by 1.2% (an additional
300 minority patients) 1 year after the CCRTP. Both studies
reported significant increases in knowledge gains but only
modest improvements in minority enrollment in clinical trials
[49].
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Study Limitations
Although our study aims to increase the literacy of all types of
clinical trial research, including nonpharmacological
observational studies, we do not measure actual participant
enrollment in clinical trials after study intervention. Future
research should consider the effect of clinical trial literacy tools
to influence actual study enrollment. In addition, other barriers
to enrollment should be considered, such as religion.

Conclusions
ACT Now! will apply a community-based participatory research
approach through the use of a CSC, providing input during the
intervention website development and a study referral source
for participant enrollment. Each CSC member will serve as a
community representative that the participants trust. CSC

members will ensure the safe return of iPads disseminated in
the community, which sparked the recruitment referral snowball
approach. In addition, NYU staff members will join CSC
members at community recruitment events throughout New
York City, meeting participants where they are and ensuring
their onboarding process addresses any technical issues or study
concerns.

ACT Now! has the potential to fill an important gap in clinical
trial enrollment among people of color through an accessible
web-based website. Literacy level–appropriate text,
infographics, videos, and cartoon videos aim to educate people
of color on clinical trial research via a web-based intervention.
The culturally tailored approach, endorsed and codeveloped by
trusted community leaders, strengthens the partnership between
the community, academia, and the private sector.
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Abstract

Background: Young Australians (16-25 years) have the highest rates of past-month cannabis use in the world. Cannabis use
increases the risk of alcohol and other drug disorders and depressive disorders, and has a robust dose-response association with
psychotic experiences (PEs) and disorders. PEs are subthreshold positive psychotic symptoms, including delusions and
hallucinations, which increase the risk of substance use, depressive or anxiety disorders, and psychotic disorders. Access to
effective web-based early interventions targeting both cannabis use and PEs could reduce such risk in young people.

Objective: The objective of this study is to determine the efficacy and cost-effectiveness of the Keep it Real web-based program
compared to an information-only control website among young cannabis users (16-25 years) with PEs.

Methods: Participants are recruited online, and consenting individuals meeting inclusion criteria (aged 16-25 years, who have
used cannabis in the past month and experienced PEs in the past 3 months) are automatically randomized to either the Keep it
Real web-based program (n=249) or an information-only control website (n=249). Both websites are self-guided (fully automated).
The baseline and follow-up assessments at 3, 6, 9, and 12 months are self-completed online. Primary outcome measures are
weekly cannabis use, PEs, and the relative cost-effectiveness for quality-adjusted life years. Secondary outcomes include other
substance use and related problems, PE-related distress, cannabis intoxication experiences, severity of cannabis dependence,
depression/anxiety symptoms, suicidality, and mental well-being and functioning.

Results: Recruitment commenced in February 2019, and the results are expected to be submitted for publication in mid-2021.

Conclusions: This study protocol describes a large randomized controlled trial of a new web-based program for young cannabis
users experiencing PEs. If effective, the accessibility and scalability of Keep it Real could help reduce growing public health
concerns about the significant social, economic, and health impacts of cannabis use.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12618001107213;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=374800

International Registered Report Identifier (IRRID): DERR1-10.2196/15803
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Introduction

Young adults aged 18-24 years (23%) have the highest rates of
past-year cannabis use in Australia [1]. This is alarming as
cannabis influences cognitive and affective brain development
[2,3], and accounts for 10.8% and 6.2% of the health burden in
males and females, respectively [4]. It is estimated that one in
six adolescents who try cannabis will develop dependence and
daily users are at 18 times the risk [2,5,6]. Cannabis users are
also at 3-4 times the risk of developing alcohol and other drug
(AOD) use disorders, which increases to 8 times among daily
users [2,5,6]. Any use and heavy use of cannabis also increase
the risk of later depression symptoms and disorders (OR
1.17-1.62) [7]. Long-term use is associated with poor cognitive,
educational, social, psychological, and physical health outcomes,
which can have profound and lasting effects on the individual,
his/her family, and the community [2,3,6].

Cannabis has a robust dose-response association with psychotic
symptoms and disorders. A meta-analysis of 11 longitudinal
population-based studies found that cannabis users were 40%
more likely to report psychotic symptoms, and had 2.6 times
the risk of developing a psychotic disorder, with the level of
risk increasing in a dose-response manner [8]. Heavy cannabis
users have a fourfold risk of developing psychotic disorders [9].
Between 40% and 74% of young people with first-episode
psychosis use cannabis, which has been associated with poorer
clinical, social, and functional outcomes [10]. Cannabis use also
increases the risk of psychotic relapse and hospital readmission,
and cannabis cessation reduces the risk to the same level as
nonusers [11-13]. Treatment-seeking samples of young people
meeting ultrahigh-risk criteria for psychosis (ie, a family history
of psychosis, brief intermittent psychotic symptoms, or
attenuated psychotic symptoms) who heavily use cannabis
and/or meet criteria for DSM-IV cannabis abuse or dependence
are also more likely to develop a psychotic disorder (OR 1.75)
[14,15].

Cannabis use has been strongly linked to psychotic experiences
(PEs), which are subthreshold psychotic symptoms, including
delusions and hallucinations. PEs are familial, heritable, and
share many genetic, social, and environmental risk factors with
the clinical phenotype of psychosis [16]. They are much more
common in the general population than psychotic disorders
(whose lifetime prevalence is 1%-3%), with an 11.9% median
lifetime prevalence of self-reported PEs reported across 13
epidemiological general population cohort studies [17]. A
12-month prevalence rate of up to 28% have been reported in
community samples of adolescents and young adults [18]. This
is concerning, as a meta-analysis of six studies reported that
people with PEs have 3.5 times the risk of developing later a
psychotic disorder over a 3- to 24-year period, with the level of
risk increasing with the severity/persistence of PEs [19]. PEs
are also an important marker for other adverse mental health

outcomes [16]. They have been found to triple the risk of later
substance use disorders in a dose-response manner [20]. Young
people with PEs are also at increased risk of current depression
(6.5 times) or anxiety disorders (5 times), suicidal thoughts (3
times), and suicide attempts (4 times) [21-23].

Cannabis use has been strongly associated with PEs in general
population samples. Up to 90% of past-week cannabis users
reported PEs in the same week in an experience sampling
method study [24]. A growing number of prospective studies
have demonstrated a dose-response relationship between
cannabis use and PEs in young people [25-27]. Changes in
cannabis use have also been found to result in concomitant
increases or decreases in PEs in a 5-year study among young
adults [28]. A 20-year follow-up study found that weekly and
occasional cannabis use in adolescence was associated with 4.3
and 2.3 times the relative risk of continuously high PEs,
respectively [29]. This dose-response relationship between
cannabis use and PEs has also been confirmed in biological and
experimental studies using hair samples following smoking or
intravenous administration of tetrahydrocannabinol (THC) [30].

Together, this research indicates that cannabis use is a
preventable risk factor for PEs as well as for a range of other
adverse substance use and mental health symptoms and disorders
in young people [3]. A targeted early intervention that provides
optimal treatment for cannabis use and PEs could reduce the
risk of these adverse outcomes, and their associated personal,
social, economic, and health costs [31]. However, less than 8%
of people with cannabis use disorders [32], 13% of 18-year olds
with PEs, and 52% of those with psychotic disorders have ever
sought professional help [33]. Young cannabis users with PEs
may be even less likely to seek help due to concerns about
confidentiality and stigma. It is also unclear where young
cannabis users with PEs should seek help. Mental health services
may view PEs as substance related or not serious enough to
warrant treatment. AOD services may also turn them away as
their PEs may be considered too severe for AOD treatment
settings. Web-based and mobile phone–based treatments provide
an anonymous, and highly accessible way of delivering
evidenced-based, high-quality psychological treatment to young
people who are the most frequent users of the internet (United
Kingdom: 100% males, 98% females; United States: 98%;
Australia: 100%, 90% ≥3 times/day) [34-36].

Cognitive behavior therapy (CBT) has an established evidence
base for multiple mental health difficulties. CBT effectively
treats cannabis use when delivered face-to-face or via the web
[37,38]. Web-based CBT programs also effectively reduce
anxiety and depression symptoms and disorders [39]. Although
systematic reviews have found web-/mobile-based programs
for people with psychosis to be highly acceptable, usable, and
engaging, and reduced the severity of psychotic symptoms and
risk of transition to psychotic disorders among help-seeking
patients at ultrahigh-risk for psychosis [40,41], no web-based
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early interventions for PEs have been tested in a randomized
controlled trial (RCT) to date.

To address this gap, we developed the stand-alone Keep it Real
(Version 1) web-based program which targets cannabis use and
PEs in young people. The feasibility and outcomes of Keep it
Real were tested in a pilot study among 213 young people (16-25
years), who had used cannabis in the past month and reported
subthreshold PEs in the past 3 months (Community Assessment
of Psychic Experience [CAPE-15] score of >18). The pilot study
recruited 1089 past-month cannabis users over a period of 6
months using university student emails and social media and
website posts. Almost all young people (95%) accessed the
CAPE-15 PE feedback as well as a mean of 2.94 (SD 1.82) of
the six Keep it Real modules. On average, they gave the program
a rating of 4 out of 5 for overall objective quality on the eHealth
Rating Scale (mean total score=3.82, SD 0.57), with good
engagement (mean 3.29, SD 0.63) and high levels of
functionality (mean 4.13, SD 0.72), aesthetics (mean 4.11, SD
0.68), and information (mean 4.14, SD 0.65) quality. High
retention rates were achieved in the 3-month (n=200, 88.5%)
and 6-month (n=180, 84.5%) follow-ups. Participants achieved
significant reductions (all P<.001) in the frequency of cannabis
use (Cohen d effect size=0.36, d=0.46) and related problems (d
effect size=0.45, d=0.48) as well as the frequency of PEs (d
effect size=0.67, d=0.70) and their associated distress (d effect
size=0.33, d=0.40) at 3- and 6-months follow-up, respectively.
Moderate effect sizes were found for reductions in cannabis use
and related problems and PE-related distress, and large
reductions in the frequency of PEs were found. Neither the
frequency of cannabis use nor PEs at baseline had an impact on
website engagement, retention rates, or treatment outcomes.
Together, these results provide preliminary evidence that the

Keep it Real web-based program could be effective and
acceptable among young cannabis users with PEs.

This protocol paper describes an RCT aimed at determining the
efficacy and cost-effectiveness of Keep it Real (Version 2)
compared to an information control website (ICW) among young
people: (i) aged 16-25 years, who have (ii) used cannabis in the
past month, and (iii) experienced PEs in the past 3 months. It
is hypothesized that Keep it Real will result in significantly
greater improvements in primary outcome variables of cannabis
use and PEs, and will be more cost-effective than the ICW
control condition. Secondary outcomes such as cannabis,
alcohol, tobacco, and other substance use and related problems,
including PE-related distress, cannabis intoxication experiences,
the severity of cannabis dependence, depression/anxiety
symptoms, suicidality, mental well-being, and functioning; and
baseline moderators of intervention effects (eg, childhood
trauma, impulsivity, urbanicity, lifetime psychotic disorder)
will also be examined.

Methods

Trial Design
The trial is a two-arm, parallel group (1:1 ratio) superiority RCT
that will determine the efficacy and cost-effectiveness of the
Keep it Real web-based program, compared to an ICW.
Assessments are completed at baseline, and at 3, 6, 9, and 12
months follow-up. The trial has ethics committee approval, is
registered (ACTRN12618001107213), and follows Standard
Protocol Items: Recommendations for Interventional Trials
(SPIRIT) research protocol guidelines (see supplementary
materials) as well as Consolidated Standards of Reporting Trials
(CONSORT) eHealth guidelines (see Figure 1) [42,43].

Figure 1. Anticipated CONSORT (Consolidated Standards of Reporting Trials) diagram.
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Recruitment and Procedures
This project will utilize a secure, automated web-based project
and data management system for RCTs. A two-step recruitment
and informed consent process will be used. Young people aged
16-25 years who have used cannabis in the past month will be
first asked to complete an online survey on Cannabis and
Psychotic Experiences, and repeat the survey 6 and 12 months
later. They are recruited online via university student emails
and posts and paid advertising to social media (eg, Facebook)
and substance use-related websites (eg, Cannabis Information
Service) containing a link to an online consent form and survey.
Snowballing techniques will be used and participants will be
offered a reimbursement incentive of Aus $10 for referring a
friend to the study. Consenting participants (via a checkbox)
self-complete all baseline and follow-up assessments online.
Survey logic automatically screens participants for eligibility.
Participant contact details (name, email address, mobile number)
and the IP address of respondents will be manually checked to
identify repeat or duplicate surveys. Participants who give
contact details that appear false, for example, multiple similar
names or email addresses, will be excluded. All baseline, 6-,
and 12-month survey completers will be entered in a draw to
win 1 out of 10 Aus $100 gift vouchers.

Young people are asked if they are interested in trialing the
Keep it Real website (via a checkbox) on the online survey
consent form, and again at the end of the baseline survey. Those
who express interest in trialing the website and score a minimum
of 18 on the CAPE-15, which is indicative of at least three PEs
“sometimes” or one PE “nearly always” in the past 3 months,
are eligible to participate in the RCT. They are also required to
have internet access and to provide a mobile number and email
address. People who use alcohol or other illicit drugs are

included as long as cannabis is the most frequently used drug
(other than tobacco). Exclusion criteria will be (i) history of
traumatic brain injury or organic brain disease, (ii) current acute
suicide risk, and (iii) insufficient English fluency. Eligible
participants are automatically sent the consent form for the RCT,
and those who provide consent (via a checkbox) are randomized
and sent an email and SMS link to either the Keep it Real
web-based program or information-only control website. They
are not informed about which website program they are allocated
to. The study information sheet states that both programs provide
information on PEs, psychosis, and cannabis use. They differ
by their level of interactivity.

Young people who are ineligible for the RCT remain participants
in the original survey study and are provided with immediate
access to the Keep it Real website. Those in the RCT are
automatically sent follow-up surveys at 3, 6, 9, and 12 months
postbaseline via SMS and email. Noncompleters will be
contacted via telephone by outcome assessors blind to treatment
allocation to remind them to complete the survey online or over
the phone. Participants are reimbursed Aus $20 for completing
each follow-up survey (maximum of Aus $80). If a participant
chooses to withdraw from the study, they will still be able to
continue using Keep it Real or the ICW. The trial statistician
will be blind to treatment group allocation.

Measures
All measures are self-reported and the follow-up frequency is
provided in Table 1. Demographic variables include sex, gender,
occupation, education, employment, living arrangements,
urbanicity, relationship status, migration status, ethnicity,
estimated hours of internet use/day, family and personal history
of mental and substance use disorders, and history of traumatic
brain injury or organic brain disease.
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Table 1. Assessment timeline.

12 months9 months6 months3 monthsBaselineMeasure

✓1. (Screen) Cannabis use in past month, age

✓✓✓✓✓2. (Screen) CAPE-15a

✓3. Demographics

✓✓✓✓✓4. Psychosis screen

✓✓✓✓✓5. Suicidality screen

✓✓✓✓✓6. OTIb for cannabis

✓✓✓✓✓7. ASSISTc

✓✓✓✓✓8. GAD-7d, PHQ-9e

✓✓✓✓✓9. Cannabis knowledge

✓✓✓✓✓10. SDSf

✓✓11. SUPPS-Pg

✓✓✓✓✓12. CEQ-Ih

✓✓✓✓✓13. MHC-SFi

✓✓✓✓✓14. MAFSj

✓15. CTQk

✓✓✓✓✓16. EQ-5D-5Ll scale

✓✓✓✓✓17. Health and service utilization

✓18. eHRSm

aCAPE-15: Community Assessment of Psychic Experiences.
bOTI: Opiate Treatment Index.
cASSIST: Alcohol, Smoking, and Substance Involvement Screening Test.
dGAD-7: Generalized Anxiety Disorder.
ePHQ-9: Patient Health Questionnaire.
fSDS: Severity of Dependence Scale.
gSUPPS-P: Short UPPS-P Impulsive Behavior Scale.
hCEQ-I: Cannabis Experiences Questionnaire-Intoxication.
iMHC-SF: Mental Health Continuum-Short Form.
jMAFS: Multidimensional Adolescent Functioning Scale.
kCTQ: Childhood Trauma Questionnaire.
lEQ-5D-5L: 5-dimension version of the European Quality of Life 5-level.
meHRS: eHealth Rating Scale.

Primary Outcomes
The primary outcome measures for cannabis use and psychotic
like experiences are described below:

1. Cannabis use: The AOD section of the Opiate Treatment
Index (OTI) will be used to assess the frequency (≤once a
week; >once a week; ≥daily) and the mean amount of
cannabis (in 1/4 gram standard units) per day in the past
month [44]. As cannabis use is difficult to quantify, young
people will be able to select their own cannabis unit
(grams/cones/pipes/joints/$ spent/mixed with
tobacco/shared), which will be converted into 0.25 gram
cannabis units using standardized criteria [45].

2. Psychotic-like experiences: PEs are assessed with the
15-item version of the 20-item positive scale of the
Community Assessment of Psychic Experiences (CAPE)
measure. The CAPE-15 measures the frequency (1=never
to 4=nearly always) and level of distress (1=not distressed
to 4=very distressed) related to PLEs in the past 3 months
[46]. This version has high levels of internal consistency
and a more optimal three-factor structure, consisting of
persecutory ideation, bizarre experiences, and perceptual
abnormalities [46]. This 3-factor structure was replicated
in a meta-analysis [47].

Secondary Outcomes
A number of secondary outcomes will also be measured, as
outlined below:
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1. AOD-related problems: The 8-item Alcohol, Smoking, and
Substance Involvement Screening Test (ASSIST) provides
a measure of the frequency of substance use and related
problems in the past 3 months for 10 substance classes [48].
It has well-established reliability and validity across a range
of age groups and populations, including people with
first-episode psychosis [48,49].

2. Depression/anxiety symptoms: The 9-item Patient Health
Questionnaire (PHQ-9) and the 7-item Generalized Anxiety
Disorder (GAD-7) scales will be used to assess depression
and general anxiety symptoms in the previous 2 weeks.
PHQ-9 and GAD-7 have been validated across a number
of populations including adolescents, young adults, and
substance users [50-53].

3. Suicidality: Suicidal ideation, plans, and attempts will be
assessed using the 6-item Suicidality Scale of the
Mini-International Neuropsychiatric Interview (MINI) [54].

4. Well-being: The 14-item version of the Mental Health
Continuum-Short Form (MHC-SF) [55] ask participants
about their emotional, psychological, and social well-being
in the past month. The MHC-SF has been found to be
reliable and valid in young adults [56].

5. Cannabis experiences: The Cannabis Experiences
Questionnaire-Intoxication (CEQ-I) scale is a 13-item
measure of the paranoid-dysphoric (PEs) and euphoric
effects of cannabis intoxication validated in young adults
[57].

6. Dependence: The Severity of Dependence Scale (SDS), a
5-item measure, will be used to assess the severity of
psychological dependence on cannabis in the past 3 months.
The SDS is validated for use in cannabis users and people
with early psychosis [58,59].

7. Functioning: The Multidimensional Adolescent Functioning
Scale (MAFS) is a 23-item self-reported measure of general,
family, and peer-related functioning with good psychometric
properties [60].

Cost-Effectiveness
Health-related quality of life will be assessed using the
5-dimension version of the European Quality of Life 5-level
(EQ-5D-5L) scale [61]. Information on other health care service
use including medical and psychological treatment for substance
use and other issues in the month prior to each assessment point
will be collected.

Other Measures
A number of other measures will also be included in the survey:

1. Lifetime psychotic disorders: The psychosis screen (patient
form), which contains 6 items and up to 4 supplementary
items for positive responses, will be used to identify lifetime
psychotic disorders [62]. A cutoff score of ≥2, which has
67% sensitivity and 84% specificity, will be used [62].
Participants who answer positively to any of the items will
also be asked to describe their experience in more detail in
an open-ended response format. All responses will be
checked prior to randomization to reduce the likelihood of
false positives. A 3-month version of the psychosis screen
will be used at follow-up.

2. Knowledge: In all, 19 questions will assess the young
person’s level of knowledge about cannabis and its effects,
with response options of “true” or “false.” The total score
reflects the number of correct answers.

3. Impulsivity: The 20-item Short UPPS-P Impulsive Behavior
Scale (SUPPS-P) provides a measure of the 5-factor model
of impulsivity consisting of: (i) negative urgency (tendency
to act rashly under extreme negative emotions), (ii) lack of
premeditation (tendency to act without thinking), (iii) lack
of perseverance (inability to remain focused on a task), (iv)
sensation seeking (tendency to seek out novel and thrilling
experiences), and (v) positive urgency (tendency to give
into impulses when experiencing high positive affect) [63].
Higher levels of impulsivity and sensation seeking have
been reported in first-episode psychosis in patients with
rather than without cannabis abuse; and has been associated
with PEs among young cannabis [64,65].

4. Childhood trauma: The Childhood Trauma Questionnaire
(CTQ) is a valid and reliable 28-item measure of childhood
abuse and neglect [66]. Childhood trauma will be included
as a potential moderator, due to evidence that it may
increase the risk of cannabis use, PEs, and other mental
health issues [67].

5. Website evaluation: The 26-item eHealth Rating Scale,
which is based on the Mobile App Rating Scale user
version, will be utilized to measure the usability,
engagement, aesthetics, information quality, and perceived
impact of web-based programs at the 3-month follow-up
[68]. Participants are also asked to provide a written
feedback on the website.

Randomization
A computerized random number sequence generator
incorporating random permuted blocks will be used to allocate
participants to: (i) Keep it Real or (ii) ICW. Stratification will
be by cannabis usage (daily or less), sex, age (16-20 years and
21-25 years), and psychosis screen result (present vs not
present). The randomization sequence is concealed within the
secure website and the allocation is automatically released when
full eligibility criteria are met.

Interventions
Young cannabis users who meet RCT inclusion criteria and
consent to participate are automatically randomized to either
the Keep it Real or ICW program, and are sent an email and
SMS link to the relevant program. Both programs are accessible
via login on any computer, tablet, or mobile device with an
internet connection. They are password protected and are sited
on parallel, secure servers. Both programs are self-guided (fully
automated), and all website modules are unlocked and can be
accessed by the user at any time. SMS reminders to access both
programs will be sent on day 7, 14, and 21 after baseline.
Participants’ “backend” usage data will be automatically
captured by the website, including logins, modules
accessed/completed, inserted text, and dates of data entry. All
participants have continuous access to the Get Help section of
the website, which provides the contact details of mental health
and AOD services (including crisis care).
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Keep It Real Web-Based Program
The Keep it Real program (Version 2) consists of seven modules
that can be completed in 30-90 minutes over 1-3 sessions (via
login). Version 1 of Keep it Real, which was tested in the initial
pilot study, only targeted cannabis use. Version 2 targets
cannabis, alcohol, methamphetamine, and heroin use. Each
module ends with a printable summary screen. PEs are targeted
first, given young people are more likely to be concerned about
PEs than their cannabis use. The first three modules aim to
increase the users’ ability to identify, understand, and reduce
distress associated with PEs. The program content was informed
by the Think You’re Crazy? Think Again [69] self-help book,
based on Morrison’s evidence-based CBT treatment for people
at “ultrahigh risk” for psychosis (including those with PEs)
[70-72]. Module 1 defines PEs and provides a detailed personal
feedback on self-reported PEs relative to age-related and
gender-specific norms. Module 2 provides information on risk
factors for PEs (including cannabis use, trauma, stress,
anxiety/depression), psychotic symptoms, and disorders using
fact sheets and videos. Module 3 provides information and
normative data on different subtypes of PEs and suggests a
number of simple CBT techniques for their management. These
modules were originally developed for the Get Real web-based
program for young people with PEs. A small pilot study in 12
young people found that the program had high levels of
acceptability and perceived utility, and resulted in significant
reductions in the frequency and level of distress associated with
PEs at the 3-month follow-up [73].

Modules 4 and 5 use motivational interviewing techniques to
target cannabis, alcohol, methamphetamine, and heroin use.
The program content was informed by evidence-based brief
motivational interviewing interventions for cannabis use,
including web-based programs [37,38,74]. A series of
participatory design workshops with young people in residential
treatment for substance use problems were also conducted to
develop and refine the program content. Interactive quizzes on
cannabis, alcohol, methamphetamine, and heroin use are
included to increase their substance use knowledge. Young
people are also given personal feedback on their substance use
and related problems, relative to age-related and gender-specific
norms. Participants can complete and receive normative
feedback on the CEQ-I to increase awareness of the relationship
between cannabis use and PEs [57]. They are then encouraged
to set harm minimization or change goals and develop a plan
for achieving them using harm minimization skill and change
goal checklists.

Module 6 targets users’ coping skills by providing training in
cognitive behavioral techniques including stress management,
problem solving, behavioral activation, and attention control
retraining (mindfulness). Module 7 encourages appropriate help
seeking for PEs and/or cannabis use and addresses any barriers
to doing so.

Participants can track their PEs (CAPE-15), cannabis
intoxication effects (CEQ-I), substance use and related problems
over time, and receive feedback on age-related and
gender-specific norms each time they complete the measures.
An interactive graphical summary of their PE, CEQ-I, cannabis,

alcohol, methamphetamine, and heroin use and related problems
over various time frames (self-selected) is also available to
increase participants’ awareness of the relationship between
their substance use and PEs.

Information Control Website
This program delivers the information sheets from the Keep it
Real program in a 4-module web-based format including: (i)
What are weird experiences? (ii) How does cannabis affect me?
(iii) How does other substance use affect me? (iv) Should I seek
help? Further reading sheets are also available from a “Fact
Sheets” menu containing: (i) What is psychosis? (ii) Am I at
risk of developing psychosis? (iii) What is schizophrenia? (iv)
What is bipolar disorder? (v) Facts about
cannabis/alcohol/amphetamines/heroin. This control condition
was designed to provide participants with access to the type of
web-based information they may have found naturally online.
It does not provide personal feedback from assessments or
normative feedback on substance use or PEs at baseline or
follow-up. No information is given on how to manage PEs nor
do the resources focus on building motivation to change
substance use or increasing users’ understanding of the
relationship between their substance use and PEs.

Project and Risk Management
Weekly meetings monitor project implementation, clinical
(including study withdrawals, adverse events), and research
integrity (including data safety, important harms or unintended
effects, blindness violations). Email or telephone consultations
will be used to determine urgent issues, and a record of decision
precedents will be kept to ensure consistency. Suicide and
psychosis safety protocols identify and manage risk at all survey
time points. Participants with a positive psychosis screen or
who report a low level of suicide risk (MINI Suicidality Scale
score of 1-5) receive a message in the online survey and an
email providing details of appropriate support services and
helplines. They are also asked to contact the research team if
they have additional questions or would like assistance finding
support. Those who report a moderate (Suicidality Scale score
of 6-9) or high (10+) level of suicide risk are asked if they are
receiving adequate support and if their feelings have recently
improved (due to the 1-month time frame of the measure). If
the participant answers yes to both questions, no further action
is taken. If they answer yes to one of these questions or request
further support, they are called within 48 hours by a research
assistant to assess how further support can be provided (using
a call script). Those who report a suicide plan or a suicide
attempt within the past month are contacted by a trained clinical
psychologist, who assesses the level of risk and helps the
participant connect with appropriate supports.

Sample Size Calculation
Power calculations to determine sample size were based on the
effects found in the Keep it Real pilot study, which found a
moderate effect size for reductions in the frequency of cannabis
use (d=0.46). Due to the uncontrolled nature of the pilot study,
a conservative approach using small to moderate effects was
used. To measure a moderate effect size of f=.20, alpha (α) set
at 0.025, and power set at 0.95, we would require 191
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participants per group (a total of 382 participants). If baseline
covariates accounting for about 40% of the variability in the
outcome model were included in the calculations, then we would
have 0.99 power to detect a small to moderate treatment effect.
We predict a 20%-30% attrition rate at 12 months based on our
pilot data and previous work and will therefore need to
randomize a total of 498 participants.

The pilot study recruited 1089 past-month cannabis users over
a period of 6 months (using the same recruitment strategies) to
identify 860 monthly cannabis users meeting our PE inclusion
criterion (CAPE-15≥18). Of these, 295 (34%) expressed interest
in participating in the Keep it Real pilot trial (66 [7%] no
interest; 503 [58%] no response) and 213 (72% of those
interested; 25% of the total sample) were randomized. We will,
therefore, need to recruit 1992 cannabis users in order to
randomize 498 participants (see Figure 1).

Data Analyses
The independent variable is a treatment condition with two
levels: (i) Keep it Real and (ii) the ICW. The primary outcome
variable is the frequency and average amount of cannabis/day
(in 1/4 gram standard units) in the past month (on the OTI) and
the frequency of PEs (CAPE-15, including subscales) in the
past 3 months. Secondary outcome variables include the typical
quantity and frequency of alcohol, tobacco, cannabis, and other
drug use and related problems in the past 3 months (ASSIST),
cannabis knowledge, PE-related distress (CAPE-15), cannabis
intoxication experiences (CEQ-I), severity of cannabis
dependence (SDS), depression (PHQ-9)/anxiety (GAD-7)
symptoms, suicidality (MINI), mental well-being (MHC-SF),
and functioning (MAFS). To determine whether there are group
differences in the primary and secondary outcome measures at
3, 6, 9, and 12 months, a series of mixed effects models for
repeated measures (MMRM) will be employed. The
within-groups factor will be time (baseline, 3, 6, 9, 12 months)
and group (Keep it Real, ICW) will be the between-subjects
factor to examine the timexgroup interaction. This technique
can also control for potential confounds (eg, other drug use and
related problems) and examine potential baseline moderators
of intervention effects (eg, age, gender, childhood trauma
[CTQ], impulsivity [SUPPS-P], urbanicity, cannabis knowledge,
lifetime psychotic disorder). Missing data will be handled using
full information maximum likelihood estimation and an
intention-to-treat analysis is performed.

A two-pronged economic analysis comparing Keep it Real and
ICW will be conducted, taking a societal perspective, including
costs of treatment provision and intervention (including website
development and maintenance) as well as productivity costs.
The analysis will display the cost-effectiveness in both natural
units and as QALYs (based on the EQ-5D-5L). Models will
assess Keep it Real’s offset on reduced health care service use
and productivity losses are avoided. In a second modeled
cost-effectiveness analysis (CEA), the estimated change in
cannabis consumption from the trial will be extrapolated to the
general Australian population of 16-25-year olds. Uncertainty
will be assessed using a combination of nonparametric
bootstrapping for the effect size (cannabis frequency) and Monte

Carlo simulation for all other variables (with sampling
uncertainty).

Results

Recruitment commenced in February 2019, and is now closed
for recruitment. The results are expected to be submitted for
publication in mid-2021.

Discussion

Overview
Large numbers of young cannabis users report PEs, which
increase their risk of developing psychotic, substance use, and
depressive/anxiety disorders. Current services are failing to
engage these young people—and would struggle to meet the
need if they did seek help. An effective, safe, low-cost,
nonstigmatizing accessible intervention is needed. Our pilot
data showed that the Keep it Real program resulted in substantial
reductions in both PEs and cannabis use, and young people
found the program engaging and easy to use. This study protocol
describes a large RCT that will determine if Keep it Real is
more efficacious and cost-effective than the minimal web-based
information they may otherwise receive.

Strengths and Limitations
Engaging large numbers of young nonhelp-seeking cannabis
users into web-based treatment is challenging, as they are
unlikely to view their cannabis use as problematic or responsible
for their PEs. However, the pilot study clearly demonstrated
the feasibility of recruiting young cannabis users with PEs (79%
of survey completers), with 72% of the 34% who expressed
interest agreeing to be randomized to the trial. The pilot study
also highlighted the acceptability of Keep it Real, as young
people gave the program an average rating of 4 out of 5 for
overall objective quality, and the functionality, aesthetics, and
information subscales and a 3 out of 5 rating for engagement.
Moreover, the pilot study provided preliminary evidence for
the efficacy of Keep it Real as well as valuable data on the
participation/retention rates and effect sizes to inform sample
size which was used to ensure that this RCT is well powered.

Young people will be asked if they were interested in
participating in the RCT prior to receiving feedback on their
PEs. While this recruitment strategy will ensure that all young
people are given the opportunity to participate, it may increase
the risk of selection bias by potentially excluding those with
little insight into their PEs. Nevertheless, the inclusion of people
with a lifetime history of a psychotic disorder and the
stratification of the randomization sequence by psychosis screen
result may help reduce such risk of bias.

The inclusion of a range of potential control variables and
moderators of treatment outcomes is a further strength of the
study. However, mediators were not included due to concerns
about potential assessment reactivity, the existing length of the
assessment schedule, and participant burden. Keep it Real
participants are able to monitor their PEs and substance use
within the program. The extent of monitoring observed in this
study will provide an indication of young cannabis users'
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willingness to engage in regular assessments for future studies
exploring potential mediators of change.

The number of modules in the Keep it Real and ICW programs
are not matched, but the ICW program contains the same number
of information sheets as the Keep it Real program. While it
could be argued that the smaller amount of content in the ICW
may be insufficient to produce an effect, this control condition
was designed to control access to a web-based program and the
minimal amount and type of information users may otherwise
receive online. Nevertheless, it is possible that the overlap in
content may wash out any differential treatment effects between
programs.

Conclusion
Web-based programs are ideal platforms for delivering
self-guided treatments to nonhelp-seeking young people with
PEs. Keep it Real is the first web-based program to target PEs
in cannabis users. The program content is based on

evidence-based CBT treatments for people at ultrahigh risk for
psychosis (which includes a subgroup with PEs) [41] and
motivational interviewing interventions for cannabis use [37,38].
Keep it Real will be freely available and users will have
unlimited 24/7 access to the program, including the PE and
substance use monitoring and feedback, enabling the user to
engage in continuous self-management. The program also has
broad applicability as it can be used as a stand-alone treatment
or as an adjunct to usual treatment for help-seeking cannabis
users with PEs accessing clinical services. Different components
of the program can also be used to address cannabis, alcohol,
methamphetamine, or heroin use, PEs, cannabis intoxication
effects, and to provide coping skills training. If Keep it Real
demonstrates a substantial and cost-effective impact on cannabis
use and PEs, its low unit cost and scalability would mean that
it has substantial potential to make a population-wide impact
on both immediate and longer term consequences of cannabis
use and their significant social, economic, and health costs.
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Abstract

Background: Brief counseling can motivate patients to initiate health behavior change. However, increasing the provision of
brief counseling by nurses is difficult due to contextual and practitioner-level factors impeding nurses’ motivation and intentions
to provide brief counseling (eg, unfavorable attitude toward brief counseling, lack of perceived control linked to barriers).
Theory-based implementation interventions could address these practitioner-level factors and support evidence-based practice
in the context of brief counseling. Web-based, adaptive e-learning (electronic learning) programs are a novel type of implementation
intervention that could address the limitations of current brief counseling training programs, such as accessibility and
personalization.

Objective: This paper presents a study protocol for evaluating the effectiveness of the E_MOTIVA implementation intervention—a
theory- and web-based adaptive e-learning program—to increase nurses’and nursing students’ intentions to provide brief counseling
for smoking, an unbalanced diet, and medication nonadherence.

Methods: A two-group, single-blind, randomized controlled trial will be conducted with nurses and nursing students enrolled
in a Bachelor of Science in Nursing program in Quebec, Canada. Participants in the experimental group will be allocated to the
E_MOTIVA intervention—a theory- and web-based adaptive e-learning program—while participants in the active control group
will be allocated to the E_MOTIVB intervention, a knowledge- and web-based standardized e-learning program. The E_MOTIVA

intervention was designed to influence the constructs of the Theory of Planned Behavior (eg, attitude, subjective norms, and
perceived behavioral control) in the context of brief counseling. The Cognitive Load Index and User Engagement Scale will be
used to assess participants’ cognitive load and engagement related to e-learning. Participants will complete the Brief Counseling
Nursing Practices Questionnaire–Abridged Version at baseline and follow-up. All study measures will be completed online.

Results: The study is ongoing. The results of the study will provide answers to the primary hypothesis (H1) that experimental
group participants will demonstrate a greater change in the score of intentions to provide brief counseling between baseline (–T1)
and follow-up (T4). Secondary hypotheses include greater improvements in scores of attitude (H2), subjective norms (H3),
perceived control (H4), behavioral beliefs (H5), normative beliefs (H6), and control beliefs (H7) regarding brief counseling in
the experimental group between baseline and follow-up. We also anticipate lower intrinsic and extrinsic cognitive loads (H8,
H9), higher germane cognitive load (H10), and higher engagement (H11, H12) in the experimental group.

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e18894 | p.54https://www.researchprotocols.org/2020/7/e18894
(page number not for citation purposes)

Fontaine et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:guillaume.fontaine@umontreal.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: This study will be among the first in evaluating a novel type of implementation intervention, a theory- and
web-based adaptive e-learning program, in nurses and nursing students. This type of intervention has the potential to support
evidence-based practice through accessible, personalized training in wide-ranging domains in nursing.

Trial Registration: ISRCTN Registry ISRCTN32603572; http://www.isrctn.com/ISRCTN32603572

International Registered Report Identifier (IRRID): PRR1-10.2196/18894

(JMIR Res Protoc 2020;9(7):e18894)   doi:10.2196/18894
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Introduction

Noncommunicable Diseases and Behavioral Risk
Factors
Noncommunicable diseases, including cardiovascular diseases,
diabetes, cancers, and chronic respiratory diseases, are major
contributors to global morbidity and mortality [1]. In Canada,
noncommunicable diseases were responsible for 88% of deaths
in 2017 [1]. These diseases are caused mainly by behavioral
risk factors, such as smoking, an unbalanced diet, and
medication nonadherence [2]. The prevalence of smoking among
Canadians was 17.9% in 2014 [3]. Through hemodynamic,
hemostatic, and inflammatory mechanisms, smoking leads, on
average, to a life expectancy of 10 years lower [2]. The
prevalence of an unbalanced diet among Canadians, defined as
a failure to meet the fruit and vegetable consumption threshold
according to Canada’s food guide [4], was 60.3% in 2014 [3].
Diet plays an important role in the pathophysiology associated
with noncommunicable diseases through several mechanisms
of action [2]. Finally, while medication adherence varies by
population and context, a meta-analysis highlighted that 40%
of patients do not take their recommended treatment for their
cardiovascular problem (defined by adherence 80%) [5]. Thus,
these behavioral risk factors should be targeted by interventions
initiated by health care professionals, including nurses [6].

Brief Behavior Change Counseling
When provided by trained health care professionals,
motivational approaches such as brief behavior change
counseling, hereafter called brief counseling, can help patients
initiate and maintain health behavior change [6]. Brief
counseling, lasting from 1 to 15 minutes, aims to explore the
individual’s motivation and capabilities and to intervene to
encourage and support behavior change [7-9]. Brief counseling
is associated with modest but clinically significant effects for
smoking cessation, the adoption of a balanced diet, and
medication adherence [10,11].

Nurses and nursing students are well-positioned across the
continuum of care to provide brief counseling to explore
patients’ beliefs, assess their level of motivation for change,
and intervene to elicit behavior change [12]. However, brief
counseling requires specific knowledge and skills [12]. While
nursing students acquire foundational knowledge about health
communication and develop relational skills (eg, active listening,
reformulation), training does not generally cover specific
abilities to explore patients’ motivation and ambivalence and
to intervene accordingly. In addition, nurses and nursing

students’ attitudes toward brief counseling can be variable and
may alter their motivation in providing brief counseling in
different care settings. Some may believe these settings are not
conducive to brief counseling and health behavior change [13].

Similarly, the subjective norm (ie, the perceived social pressure
onwards) toward brief counseling is influenced by the attitudes
and behaviors of nurses and other professionals [13]. There is
also a need to increase nurses’ and nursing students’ perceived
behavioral control over brief counseling by addressing barriers,
highlighting facilitators, and providing knowledge and skills to
intervene [14]. According to the Theory of Planned Behavior
(TPB), these sociocognitive determinants (ie, attitude, subjective
norm, perceived behavioral control) are predictors of nurses’
and nursing students’ intentions to provide brief counseling,
and of its actual provision in clinical practice [15].

Theory-Based Implementation Interventions
Sociocognitive determinants may be used for designing a
theory-based implementation intervention to increase the
provision of brief counseling by nurses and nursing students
[16]. An implementation intervention is defined as any strategy
or program “aimed at increasing the use of research-based
knowledge in healthcare practice (pg 2)” [17]. Examples of
these interventions, sometimes called “implementation
strategies,” including audit and feedback, educational materials,
e-learning (electronic learning), educational games, communities
of practice, local opinion leaders, and reminders [18].
Practitioner-level implementation interventions target behavior
change at the level of individual health care professionals and
teams (ie, nurses and nursing students in this context) [17].
These interventions may be based on a wide range of theories,
models, and frameworks, including theories of behavior and
behavior change, such as the TPB [19]. Studies that evaluate
implementation interventions based on the TPB have become
more common in recent years [20-22]. For example, a study by
Welch [22] used the TPB to design an implementation
intervention, a web-based e-learning program, aiming to
influence the moral norm, or sense of professional responsibility,
to promote the uptake of brief counseling by nurses. Additional
studies are warranted to solidify the evidence base [16,21].

Adaptive e-Learning Programs
Studies have shown the benefits of e-learning and the use of
technology to support learning and clinical practice change
[23,24]. Recently, adaptive e-learning has emerged has a novel
type of practitioner-level implementation intervention [24].
Adaptive e-learning programs collect data at different points
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during a training program (eg, attitude of each learner) to
determine, from multiple pathways conceptualized by a team
of experts or by computer algorithms, the optimal learning path
for each learner [24]. Adaptive e-learning programs mimic
face-to-face learner-teacher interactions, where the teacher
adapts learning content and format based on learners’ feedback.
Adaptive e-learning programs could alleviate the current
limitations of most brief counseling training programs. Indeed,
most brief counseling training programs assessed with nurses
and nursing students have been mainly face-to-face, limiting
accessibility, and group-based, reducing personalization [12].

Two main cognitive processes have been studied to optimize
human-computer interaction in the context of adaptive
e-learning: engagement and cognitive load. Engagement, the
learner’s investment when interacting with an e-learning
program, should be maximized [25]. The cognitive load refers
to how much the learner’s working memory is solicited during
learning [26]. Three types of cognitive loads have different
effects on learning: 1) intrinsic load, linked to the complexity
of the learning task, should be adapted to the learner; 2) extrinsic
load, linked to superfluous or confusing elements during
learning, should be minimized; 3) germane load, linked to the
integration of the programs’ concepts, should be maximized.
Considering learners’ engagement and cognitive load is crucial
when developing and evaluating an adaptive e-learning program.
More specifically, considering engagement is important in this
context since giving learners control over their learning path in
an adaptive e-learning program may increase their engagement.
In addition, personalizing instruction through data collected at
multiple time points during the training may also increase the
learner’s engagement in the e-learning program. Regarding
cognitive load, it is hypothesized that personalizing instruction
in an adaptive e-learning program may reduce extrinsic load
and increase germane load [24].

To our knowledge, only one prior study evaluated a theory- and
web-based adaptive e-learning program targeting sociocognitive
determinants to support the provision of brief counseling by
nurses, and none was conducted with nursing students. The
study was conducted in The Netherlands to support the provision
of brief counseling by primary care nurses for smoking cessation
[21]. Results showed that the e-learning program increased the
provision of brief counseling for smoking cessation among a
subset of these nurses [21]. Thus, this paper adds to the emerging
literature by presenting a protocol for evaluating the E_MOTIVA

implementation intervention—a theory- and web-based adaptive
e-learning program—to increase nurses’ and nursing students’
intentions to provide brief counseling.

Study Objective and Hypotheses
The objective of this randomized controlled trial (RCT) is to
evaluate the effect of a theory- and web-based adaptive
e-learning program targeting the constructs of the TPB
(E_MOTIVA intervention; experimental group), versus a
knowledge- and web-based standardized e-learning program
(E_MOTIVB intervention; active control group), on nurses’and
nursing students’ intentions to provide brief counseling for
smoking cessation, the adoption of a balanced diet and
medication adherence. Our primary hypothesis (H1) is that

experimental group participants will demonstrate a greater
change in the score of intentions to provide brief counseling
between baseline (–T1) and follow-up (T4).

Secondary hypotheses include greater improvements in scores
of attitude (H2), subjective norm (H3), perceived behavioral
control (H4), behavioral beliefs (H5), normative beliefs (H6),
and control beliefs (H7) regarding brief counseling in the
experimental group between baseline and follow-up. We also
anticipate lower intrinsic and extrinsic cognitive loads (H8, H9),
higher germane cognitive load (H10), and higher experiential
and behavioral engagement (H11, H12) in experimental group
participants compared with control group participants.

We will also explore links between theoretical constructs of the
study model—ie, what sociocognitive determinants at baseline
(–T1) are correlated with the intentions to provide brief
counseling at the follow-up (T4).

Methods

Trial Design
A two-group, single-blind, parallel RCT will be conducted to
evaluate the effectiveness of the E_MOTIVA experimental
intervention compared to the E_MOTIVB control intervention.
This protocol is presented according to the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT)
2013 guideline [27]. The Consolidated Standards of Reporting
Trials (CONSORT) eHEALTH checklist is presented in
Multimedia Appendix 1. The protocol was prospectively
registered on October 14, 2019 (ISRCTN32603572).

Study Setting and Eligibility Criteria
The study will be conducted entirely online at a Faculty of
Nursing in a major university in Quebec, Canada. In the
province of Quebec, nurses can practice with a 3-year College
Diploma in Nursing, or with a 3-year Bachelor of Science in
Nursing (BSN) degree achieved at the university level. However,
nurses with a College Diploma can still pursue university-level
education with a shorter, 2-year BSN program. Thus, BSN
programs in Quebec include both nurses and nursing students.
For this reason, while the study will be conducted in a BSN
program, it targets both nurses and nursing students (hereafter
called “participants”).

The inclusion criteria are: (1) to be a BSN student in a primary
health care course; (2) to be able to perform computer tasks (eg,
taking emails); (3) to understand French. There is no exclusion
criterion.

Interventions
This section provides a high-level summary of the interventions.
An in-depth description of both interventions will be published
in a forthcoming paper.

Experimental Group (E_MOTIVA)

Participants (ie, nurses and nursing students) in the experimental
group will receive access to the “E_MOTIVA intervention,” a
web- and theory-based adaptive e-learning program
incorporating learning content delivered through text, pictures,
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and videos on (1) smoking, unbalanced diet, medication
nonadherence; (2) treatment options; and (3) brief counseling
(Table 1). This content was piloted with 31 nurses [9,28].
Moreover, the E_MOTIVA intervention incorporates content
based on an integrative theoretical framework including (1) the
TPB [15]; (2) Cognitive Load Theory [29]; (3) the concept of
engagement [25] (Figure 1). The TPB posits that sociocognitive
determinants (ie, attitude, subjective norms, and perceived
behavioral control) influence participants’ intentions, which in
turn, with actual behavioral control (eg, external factors),
influences participants’behavior in clinical practice. The second
component is the Cognitive Load Theory, which describes
principles aimed at linking the E_MOTIVA intervention to the
cognitive architecture of learners. The third component is the
concept of engagement, acting as a mediator between the
E_MOTIVA intervention and its effects on sociocognitive
determinants in participants. The E_MOTIVA intervention
targets 7 sociocognitive determinants amenable to change in
participants regarding brief counseling (Table 1). To change
these determinants and increase participants’ intentions to
provide brief counseling in clinical practice, the E_MOTIVA

program incorporates 19 strategies (ie, behavior change
techniques) (Table 1). The e-learning program was developed
with a web agency near Montreal, Canada.

More specifically, E_MOTIVA consists of 3 adaptive training
sessions. Each session includes a fixed number of “navigation
adaptation points” consisting of questions asked to participants.
There are two types of these adaptation points:

1. Suggested navigation adaptation points, where the
participant can determine the preferred learning path from
multiple options. This is operationalized as a question asked
to participants, for example, “Which cardiovascular risk
factor do you wish to see first in this training program from
the options presented below?” The participant can then
select one of three options (smoking, unhealthy eating
habits, medication nonadherence), and the platform will
dynamically adapt the learning path.

2. Enforced navigation adaptation points, where the participant
answers a question with a 4-point response scale (agree,
agree slightly, disagree slightly, disagree), for example,
“Helping patients change their health behaviors (like
smoking) is complex.” Depending on their answers,

participants are automatically sent to different learning
paths. In this specific example, if the participant answers
“Agree,” “Agree slightly” or “Disagree slightly,” they are
sent to a video of a nurse practitioner explaining that while
health behavior change can be complex and difficult, it can
also often be spontaneous and does not necessarily involve
a long process (eg, quitting smoking).

The first training session focuses on noncommunicable diseases,
cardiovascular risk factors, the foundations of health behavior
change, and the 5 As brief counseling approach. It includes
three navigation adaptation points: (1) one focusing on
cardiovascular risk factors; (2) one focusing on the participant’s
beliefs about brief counseling (eg, the effectiveness of brief
counseling); and (3) one focusing on the participant’s perceived
ability or control over the provision of brief counseling (eg,
how much time it takes to provide brief counseling). The second
training session focuses on strategies and resources for smoking
cessation, the adoption of a balanced diet and medication
adherence, as well as on multiple role-playing videos of brief
counseling with a nurse and patients presenting different levels
of motivation toward behavior change. It includes four
navigation adaptation points: (1) one focusing on normative
beliefs about brief counseling (eg, what do doctors think about
brief counseling); (2) one focusing on role-playing videos of
brief counseling with unmotivated patients; (3) one focusing
on role-playing videos of brief counseling with motivated
patients; and (4) one focusing on participants’ intention to
provide brief counseling. The third training session allows
students to review any content from previous sessions but does
not include new content.

Control Group (E_MOTIVB)

Participants in the control group will access the “E_MOTIVB

intervention,” a knowledge- and web-based standardized
e-learning program (Table 1), including learning content on risk
factors, treatment options, and brief counseling. The E_MOTIVB

intervention targets primarily 2 sociocognitive determinants in
participants regarding brief counseling. However, the
intervention may also affect other sociocognitive determinants
(eg, attitude, behavioral beliefs). To change these determinants,
E_MOTIVB includes 6 strategies frequently used in nursing
education [31].
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Table 1. A high-level description of the E_MOTIVA and E_MOTIVB interventions.

E_MOTIVB intervention (control group)E_MOTIVA intervention (experimental group)Characteristic

A knowledge- and web-based standardized e-
learning program focusing on brief counseling

A theory- and web-based adaptive e-learning pro-
gram focusing on brief counseling

Description

Training Sessions

33Number of sessions

Session duration is fixed for sessions 1 and 2, and
variable for session 3.

Session duration will vary in function of the learn-
ing paths.

Duration of each session

•• Session 1: ~40 minSession 1: ~50 min
• •Session 2: ~60 min Session 2: ~50 min

•• Session 3: ~20 minSession 3: ~20 min

Brief counseling for smoking, unbalanced diet and
medication nonadherence

Brief counseling for smoking, unbalanced diet and
medication nonadherence

Clinical focus of the e-learning program

5 As (Ask-Assess-Advise-Agree-Assist)5 As (Ask-Assess-Advise-Agree-Assist)Brief counseling approach taught

The E_MOTIVB intervention targets primarily 2
sociocognitive determinants in participants to in-
crease the provision of brief counseling in clinical
practice

The E_MOTIVA intervention is personalized to 7
sociocognitive determinants in participants to in-
crease the provision of brief counseling in clinical
practice

Sociocognitive determinants targeted by the
training program in participants

1.1. Perceived behavioral control (eg, knowledge,
skills)

Intention
2. Attitude

2.3. Control beliefsSubjective norm

To a lesser extent, the intervention may affect other
sociocognitive determinants.

4. Perceived behavioral control (eg, knowledge,
skills)

5. Behavioral beliefs
6. Normative beliefs
7. Control beliefs

The E_MOTIVB intervention includes 6 strategies
frequently used in nursing continuing education

To increase participants’ intentions to provide brief
counseling in clinical practice, the E_MOTIVA in-
tervention incorporates 19 strategies, including the
6 of the E_MOTIVB program. Examples of these
strategies include

Strategies (ie, behavior change techniques)
to change the sociocognitive determinants
in participants 1. Role modeling, ie, the demonstration of brief

counseling skills by an expert nurse with pa-
tients in videotaped simulated clinical encoun-
ters.1. Encouraging the substitution of existing prac-

tices (information-giving) for brief counseling. 2. Instructions on how to provide brief counsel-
ing for smoking, unbalanced diet, and medica-
tion nonadherence.

2. Providing information on the approval of other
care team members regarding providing brief
counseling.

Figure 1. The integrative theoretical framework of the study, based on the Theory of Planned Behavior [15], Cognitive Load Theory [29], and the
concept of engagement with digital interventions [32].
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Variables, Measures, and Data Collection
Study variables and measures are presented in Table 2. First, a
15-item sociodemographic questionnaire will be completed at
the baseline. Second, we will use the Brief Counseling Nursing
Practices Questionnaire Abridged Version (BCNPQ–AV) at
baseline [33] and at the follow-up to measure nurses’ intentions
(H1), and other sociocognitive determinants regarding brief
counseling (H2-H7). The BCNPQ was developed originally in
French based on the TPB [33]. The BCNPQ–AV has 7 subscales
and 48 items. Items have an 8-point (0-7) Likert-type response
scale. Third, after two training sessions, we will use the French
version of the Cognitive Load Index (CLI) [34] to measure
participants’ cognitive load related to the e-learning programs.
The 10-item French version of the CLI measures 3 types of
cognitive load. All items have an 11-point (0-10) Likert response
scale. Mid-range intrinsic load scores, low extrinsic load scores,

and high germane load scores are desired. Fourth, we will use
the French version of the User Engagement Scale–Short Form
(UES–SF) [35] to measure participants’experiential engagement
with e-learning programs. The French version of the UES–SF
measures four dimensions of experiential engagement with the
e-learning program: (1) focused attention, (2) perceived
usability, (3) aesthetic appeal, and (4) reward. All items have a
6-point (0-5) Likert-type response scale. The higher scores are,
the more users are engaged with the e-learning program.
Psychometric properties of the French versions of the CLI and
the UES–SF tested in 57 nursing students [36]. Finally, we will
collect usage data through the E_MOTIVA and E_MOTIVB

programs. We will collect the duration of use (minutes), the
frequency of use (number of logins per user), and the percentage
of participants who complete training sessions and who consult
each page.
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Table 2. Study variables and measures.

Internal consis-
tency (α)

Sample questionItems, nInstrument/measureDefinitionStudy variable

N/A“How many online
courses have you taken
in the past?”

15Study-specific question-
naire, self-administered on-
line

N/AaSociodemographic and profes-
sional characteristics

Sociocognitive determinants

.92“Over the next few
months, I have the inten-

15Brief Counseling Nursing
Practices Question-

General disposition of the
participant to provide brief

H1: Intention to provide
brief counseling

tion to provide briefnaire—Abridged Versioncounseling for smoking,
counseling to my
smoking patients.”

(BCNPQ—AV), self-admin-
istered online

unbalanced diet, and medi-
cation nonadherence.

.81“For me, it is important
to provide brief counsel-
ing to my patients.”

6BCNPQ—AVLatent disposition toward
brief counseling based on
their emotional response
to it and their evaluation of
its consequences.

H2: Attitude toward behav-
ior

.89“Nursing managers be-
lieve that I should pro-

4BCNPQ—AVPerceived social pressure
toward brief counseling, as

H3: Subjective norms

vide brief counseling to
my patients.”

a function of the behavior
of others (eg, other team
members) in the environ-
ment.

.70“I have the skills re-
quired to help patients

7BCNPQ—AVPerceived degree of con-
trol (capability, opportuni-

H4: Perceived behavioral
control

initiate change for thety) over the integration of
reduction of a cardiovas-
cular risk factor.”

brief counseling in clinical
practice.

.84“If I provided brief
counseling, it would

4BCNPQ—AVSubjective probability of
perceiving that brief coun-

H5: Behavioral beliefs

make my patients awareseling has favorable or un-
favorable attributes. of the consequences of

cardiovascular risk fac-
tors (examples: smok-
ing, poor diet) on their
health.”

.84“Doctors would disap-
prove/approve of the

6BCNPQ—AVSubjective probability of
perceiving positively or

H6: Normative beliefs

fact that I provide briefnegatively the attitude/be-
counseling to my pa-
tients.”

havior of others regarding
brief counseling.

.74“I will have the support
of my nursing team

5BCNPQ—AVSubjective probability of
considering having the ca-

H7: Control beliefs

members to providepability and opportunity
brief counseling to my
patients.”

necessary to perform brief
counseling based on the
facilitators and barriers.

Cognitive load

.83“The subject(s) covered
during this activity
were very complex.”

3French version of the Cogni-
tive Load Index (CLI), self-
administered online

Cognitive load associated
with the task and the
learning content.

H8: Intrinsic cognitive load

.70“The directions or expla-
nations were ineffective
for my learning.”

3CLICognitive load associated
with superfluous, unneces-
sary, or confusing ele-
ments are added to the
learning task.

H9: Extrinsic cognitive load

.96“The activity really im-
proved my understand-

4CLICognitive load reflecting
the understanding and inte-

H10: Germane cognitive
load

ing of the subject(s)
covered.”

gration of the programs’
concepts.
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Internal consis-
tency (α)

Sample questionItems, nInstrument/measureDefinitionStudy variable

Engagement

.76 to .89“The EMOTIV plat-
form was visually
pleasing.”

12French version of the User
Engagement Scale—Short
Form (UES—SF), self-ad-
ministered online

Subjective experience that
emerges from interaction

with the e-learningb pro-
gram characterized by at-
tention, interest, and affect.

H11: Experiential engage-
ment

N/AN/AN/AUsage data collected in both
e-learning programs

Objective measure of the
use of the e-learning pro-
gram characterized by the
number, duration, and peri-
od of contacts.

H12: Behavioral engage-
ment with e-learning pro-
grams

aN/A: not applicable.
be-learning: electronic learning.

Timeline and Procedures
All study procedures are identical in both study groups, apart
from the experimental and control e-learning programs which
have different structures, contents, and durations (Figure 2).
Participants will be enrolled in the study for up to 21 days, from
recruitment (–T2) to follow-up (T4) (Table 3). We estimate that
it will take approximately two and a half hours for participants
in both groups to participate in the study. After consenting to
participate in the study (–T2), participants will immediately be
redirected to the online questionnaire to complete baseline
measures (–T1). Within 24 hours of completing the baseline
measures, participants will be randomized (T0). They will
receive an email containing a link to the E_MOTIVA or

E_MOTIVB intervention, as well as their user code and
password to access the e-learning program. Training sessions
1 (T1), 2 (T2), and 3 (T3) will be completed on the E_MOTIVA

or E_MOTIVB web-based platforms within 14 days following
randomization. If participants do not want to complete the
optional session 3, they will be able to complete the follow-up
(T4) measures (ie, the CLI, UES–SF, and BCNPQ–AV online
questionnaires) immediately after session 2 by clicking on an
embedded link at the end of the session. Otherwise, once
participants have completed session 3, they will receive an email
containing a link to the follow-up (T4) online questionnaires.
Participants will be able to complete follow-up measures until
21 days postrandomization.
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Figure 2. Participant flow diagram.
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Table 3. Study timeline.

Days 1 to 21Days 1 to 14Days 0 to 1Day 0Items, nActivity

Follow-up
(T4)

Training ses-
sion 3 (T3,
optional)

Training
session 2
(T2)

Training
session 1
(T1)

Randomiza-
tion (T0)

Baseline
measures
(−T1)

Recruit-
ment (−T2)

Recruitment and randomization

✓Eligibility evaluation

✓Log of the selection procedure

✓Informed consent

✓Randomization

✓Instructions for training sessions
(access)

Training sessions

✓✓✓Access to the E_MOTIVA inter-
vention (experimental group) or
E_MOTIVB intervention (control
group)

Measures collected with online
questionnaires

✓15Sociodemographic questionnaire

✓✓48H1 to H7—Brief Counseling

Nursing Practices Question-
naire—Abridged Version

✓10H8 to H10—Cognitive

Load Index

✓12H11—User Engagement
Scale—Short Form

Collected with the e-learninga programs

✓✓✓H12—Usage data (eg, frequency,
duration)

ae-learning: electronic learning.

Sample Size and Recruitment
This study seeks to enroll 25 participants per group (BSN
students, including nurses and nursing students), for a total of
50 participants (0.75 power; 0.05 bilateral significance level).
The calculation is based on the comparison of the change in
intentions to provide brief counseling (ie, H1; follow-up [T4]
score minus the baseline score [−T1]) between the experimental
and control groups. We estimate that the standard deviation of
the change in intentions will be 6.5. This sample size will allow
us to detect a difference of 5 in the score of intentions to provide
brief counseling between the two groups. Given the context of
the study, carried out as part of a Bachelor of Science in Nursing
course, we will not refuse participants once the N is reached to
offer all students equal opportunity.

Participants will be recruited through two large group Zoom
presentations, course forum postings, and email invitations.

Randomization and Allocation
The randomization scheme will be generated by the Offsite
Coordinating Center (the Montreal Health Innovations

Coordinating Center, MHICC). Random assignment will follow
a 1:1 allocation with random block sizes to minimize group
imbalances.

Blinding
Both interventions, ie, both e-learning programs, will be
completed individually and have the same appearance, name,
and main contents to increase the blinding of participants to
group allocation. The E_MOTIVA intervention being adaptive,
participants will have different learning pathways in that group.
This variability in the content and pathways in half of the
participants will attenuate contamination between groups if
participants discuss their learning experience. The Study
Coordinator will be aware of group assignment to (1) create
accounts on the E_MOTIV web-based platform for each
participant and (2) assign each participant to the experimental
or control e-learning program in the E_MOTIV web-based
platform.

Data Analysis
Study variables will be presented by group. The mean, standard
deviation, median, minimum, and maximum will be presented
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for continuous variables, while categorical variables will be
described as frequencies and percentages. All statistical tests
will be bilateral and with a 0.05 significance level. The
Statistical Package for the Social Sciences version 25 will be
used to produce intention-to-treat analyses (ie, analysis of all
participant data, regardless of study completion) under the
supervision of the MHICC.

For the primary outcome, the change in the score of intentions
to provide brief counseling (T4-−T1) will be analyzed with a
covariance model (ANCOVA), including the group factor and
the intentions score at baseline (−T1). This model will allow a
comparison of the adjusted mean change in participants’
intentions to provide brief counseling between groups.

Continuous secondary outcomes measured in terms of change
between baseline and follow-up (H2 to H7) will be analyzed
similarly to the primary outcome. Continuous secondary
outcomes measured at follow-up (H9 to H12) will be compared
between groups using Student t tests or Mann-Whitney tests if
variables are not normally distributed.

In terms of exploratory analyzes, the associations between
sociocognitive determinants at baseline (−T1) and intentions
(H1) will be evaluated using Pearson coefficients or with
Spearman coefficients if data are not normally distributed.
Multivariate models may be used if data are suitable.

Ethical Considerations
This protocol has been approved by the University of Montreal
Science and Health Research Ethics Board
(#20-052-CERSES-D).

Results

Participant recruitment and enrollment began in spring 2020.
Analysis of study results is expected in the summer of 2020 at
the end of data collection.

Discussion

This paper describes a study protocol for evaluating the
effectiveness of a theory- and web-based adaptive e-learning

program on nursing students’ and nurses’ intentions to provide
brief counseling.The E_MOTIVA intervention, which is one of
the first of its kind, has important implications for both research
and practice. In terms of research, the E_MOTIVA program
could be modified to train nurses and nursing students in a wide
range of clinical domains. The navigation adaptation points
could focus on additional psychological and social constructs
for other clinical practices, such as physical assessment, and
test ordering. Moreover, additional studies could be conducted
to evaluate the E_MOTIVA program, which is an entirely digital
intervention, paired with co-interventions implemented directly
in care settings, such as local opinion leaders or academic
detailing. In terms of practice, E_MOTIVA has the potential to
increase the effectiveness and efficiency of learning in nurses
and nursing students. Through the adaptivity process, the
program can account for the particularities inherent to each
learner and provide personalized instruction, potentially
increasing engagement and reducing cognitive load.

We remark on two limitations of the present study. First,
participants will be randomized individually to the experimental
and control groups. Thus, participants in both groups may
discuss the project among themselves. Participants will be
blinded to group assignment to minimize the risk of
contamination. Second, we anticipate that participant retention
may present a challenge, given the 10% dropout rate observed
with a shorter training program in a previous study. To maximize
retention, we will send up to three standardized email reminders
will be sent to participants at each study time point (T1, T2, T3,
and T4). For example, the reminder for completing the first
training session will read as follows: “This email is only a brief
courtesy reminder that you can start the first session of the
E_MOTIV training program now. You can also start the second
training session as soon as you have time. Here is a reminder
of the information to log in: […]”.

In conclusion, this study will be among the first in evaluating
a theory- and web-based adaptive e-learning program in nurses
and nursing students. These programs have the potential to
support evidence-based practice through accessible, personalized
training in wide-ranging domains in nursing [32,37].
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Abstract

Background: InCharge is a newly developed school-based health intervention aimed at older adolescents. It aims to promote
a healthier lifestyle by increasing self-regulation skills. After the InCharge program’s effectiveness was previously investigated
in a pilot study, the content of the program was adapted.

Objective: This study describes the protocol of a cluster randomized controlled trial that aims to investigate the effectiveness
of the InCharge program.

Methods: A cluster randomized controlled trial including 70 classes with older adolescents (aged 16 years or older) in the
Netherlands will be conducted to test the effectiveness of the InCharge program. After schools are recruited, randomization occurs
at the class level. The trial consists of the following two conditions: an experimental condition and a control condition. Participants
in the experimental condition will be given the InCharge intervention, consisting of four lessons of 50 minutes, with each lesson
containing three assignments of approximately 15 minutes. While participants in the experimental condition will receive InCharge,
participants in the control condition will receive regular academic school courses. Surveys are administered 1 week before the
intervention (baseline), 1 week after the intervention (posttest), and 12 weeks after the intervention (follow-up). Variables of
interest include, but are not limited to, self-regulation; predictors of snack intake, physical activity, and alcohol use; and interpersonal
communication regarding these health behaviors. In addition to surveys, observations will be conducted during the first and fourth
lessons, teachers will be interviewed, and focus groups will be held with a selection of students from the intervention condition.

Results: Enrollment started in September 2017. As of June 2019, a total of 1216 participants were enrolled for this trial. Findings
will be published in peer-reviewed journals and presented at conferences. The trial has been approved by the Ethics Review Board
of the Faculty of Social and Behavioral Sciences of the University of Amsterdam (reference no.: 2017-PC-8244).

Conclusions: In this study protocol, the design of a cluster randomized controlled trial is described, which assesses how
effectively the school-based intervention InCharge stimulates healthier lifestyles in late adolescents. We hypothesize that participants
in the experimental condition will consume less alcohol, eat fewer unhealthy snacks, and be more physically active compared
with participants in the control condition.

Trial Registration: Netherlands Trial Register (NL6654); https://www.trialregister.nl/trial/6654

International Registered Report Identifier (IRRID): RR1-10.2196/17702

(JMIR Res Protoc 2020;9(7):e17702)   doi:10.2196/17702
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Introduction

Background
Health and mortality are strongly affected by behaviors such as
excessive alcohol use, a poor diet, and physical inactivity [1].
Some health-risk behaviors, such as a poor diet, originate early
in life and continue to deteriorate as children grow older [2].
Most health-risk behaviors, however, develop in adolescence.
When children move into adolescence, they become less
dependent on their parents, peer relationships gain importance,
and exposure to high-risk behaviors increases [3]. Generally,
unhealthy lifestyle behaviors steadily increase through
adolescence, with a peak in late adolescence (age 16 years or
older) [4,5]. During this developmental period, several changes
in adolescents’ social environment contribute to the
accumulation of unhealthy lifestyle behaviors. For example, in
late adolescence, most individuals transition from secondary
schooling to further education, and the number of adolescents
with a part-time job increases with age. Furthermore, older
adolescents spend less time in their family home and are
increasingly allowed to make their own choices. At the same
time, more social activities occur in drinking contexts, and
together these changes are associated with unhealthy lifestyle
behaviors, such as an escalation of alcohol use [6], a poor diet
[7], and decreases in physical activity [8].

Effectiveness of Health Promotion Programs
In the past decades, numerous health promotion programs have
been developed in order to prevent the rapid increase of
unhealthy behaviors during adolescence. The majority of these
programs take place in the school environment, because many
adolescents can easily be reached by school-based health
interventions. Several studies have suggested that these
interventions can indeed promote healthier lifestyles, such as a
healthy diet [9] and physical activity [10], and prevent
health-risk behaviors, such as alcohol use [11]. However, most
systematic reviews and meta-analyses demonstrated large
heterogeneity in effectiveness [10,12].

Furthermore, most health promotion programs include several
different components, and in most evaluation studies, the exact
relationship between these intervention components and their
effects remains unclear. In order to understand which program
components contribute to healthier lifestyle behaviors and which
components do not, several authors conducted meta-regression
analyses. For example, previous research demonstrated that
self-regulation, which is defined as the capacity needed to resist
temptations and impulses [13], was an effective component in
health interventions [14]. Among all prevention strategies that
were included in the meta-regression, self-monitoring (ie,
observing and recording a target behavior [15]) contributed the
most to program effectiveness, and combining self-monitoring
with at least one other technique based on self-regulation
resulted in the largest effect sizes for both healthy eating and
physical activity. Furthermore, research showed that health
programs based on improving self-regulation skills were
especially effective in late adolescence [12].

Therefore, the school-based health intervention investigated in
this protocol study also incorporated self-regulation as the main

prevention strategy to promote healthier lifestyles. The
intervention, called “InCharge,” is newly developed by the
Trimbos Institute (the Netherlands Institute for Mental Health
and Addiction). The InCharge program is developed for older
adolescents and aims to promote healthier lifestyles by
improving self-regulation skills (ie, through elaborating on and
practicing self-regulation). The program helps students realize
what is important to them and how certain temptations can
hinder them from achieving these goals, teaches them that
self-regulation can be used to resist certain temptations (eg, peer
pressure), trains self-regulation skills by formulating an action
plan, and helps them practice self-regulation through various
assignments. Finally, alcohol is introduced as a temptation, and
students formulate action plans for responsible alcohol use in
order to stimulate healthier drinking behaviors.

This protocol study also investigates potential factors that
determine the effectiveness of the InCharge school-based health
intervention, because previous studies have found large
heterogeneity in the effectiveness of these types of interventions
[12]. In particular, this protocol study investigates the role of
interpersonal communication during the InCharge school-based
health intervention. In the context of mass-mediated health
interventions, previous studies have shown that interpersonally
communicating about health-related topics is strongly related
to health behavior [16,17] and that health interventions can
indirectly influence health behaviors through stimulating
interpersonal communication about a health behavior [18]. This
protocol study will investigate similar purposes of interpersonal
communication in a school-based health context. Furthermore,
as most school-based health interventions are taught by school
teachers, this study protocol will also investigate the role of
teacher-related communication during the InCharge program.

Theoretical Basis
The InCharge program is based on several psychological
theories such as the social cognitive theory (SCT) [19], the
theory of planned behavior (TPB) [20], and the goal-setting
theory [21]. The SCT explains behavior by the interaction of
personal factors, such as outcome expectancies, self-efficacy,
and environmental factors, such as the behavior of others.
According to the SCT, behavior change can occur through both
active learning and modeling (ie, vicarious reinforcement by
learning from the experiences of others). Both mechanisms are
incorporated in InCharge; the 7-day challenge offers the
opportunity to actively learn through practicing self-control,
discussing experiences of classmates with the challenge, and
watching several video fragments, resulting in vicarious
reinforcement. The TPB is commonly used to explain health
behavior and postulates that intention, the most important
determinant of behavior, is in turn influenced by the following
three constructs: attitude, subjective norms, and perceived
behavioral control, which is comparable to self-efficacy in SCT.
InCharge mainly aims to influence perceived behavioral control
by elaborating on and practicing self-regulation skills. As
research has shown that outcome expectancies are related to
attitudes [22], the program is expected to influence attitudes by
linking the consequences of giving in to health-related
temptations to personal goals. Subjective norms are influenced
through discussions about social acceptability (regarding alcohol
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use). Finally, the goal-setting theory explains behavior change
by means of an action sequence of wishing, planning, acting,
and evaluating [23]. Goals should be both challenging and
feasible [24], and plans should connect a certain goal-directed
activity with an anticipated situation [25] in order to be
successful. These principles are incorporated in the 7-day
challenge, which is one of the components of InCharge.

The InCharge program is developed by taking into account the
developmental characteristics of older adolescents. The primary
developmental tasks of late adolescence are forming an identity,
planning the future, and acquiring the necessary skills to
transition into adulthood [26]. As older adolescents experience
fundamental changes in their self-definition and identity by
exploring new philosophies, lifestyles, and behaviors [6], late
adolescence is ideally suited to introduce a healthy lifestyle.
Previous research on substance use prevention demonstrated
that older adolescents benefit from a social influence approach
[12], which makes them aware of the various social pressures
to use substances in order to be psychologically prepared to
resist these influences. The InCharge program also creates
awareness of peer pressure by showing and discussing different
examples of peer pressure. In late adolescence, the brain
considerably matures, improving executive functions, such as
planning, thinking ahead, response inhibition, and more
advanced self-regulation and impulse control [27,28]. As a
result, older adolescents are capable of mastering self-regulation
skills, which has been proven to be an effective prevention
strategy in this developmental period [12]. Therefore, improving
students’ self-regulation skills is one of the core prevention
strategies of InCharge.

Aim and Hypotheses
This study describes the protocol of a randomized controlled
trial (RCT) including 70 classes with older adolescents, which
aims to evaluate the effectiveness of the InCharge program.
Baseline, posttest, and 3-month follow-up measures will be
conducted to determine whether the program successfully
influences the determinants of health behaviors. After
completing the program, students in the intervention condition

are expected to refrain more from binge drinking and eating
unhealthy foods, such as snacks and sweets, and to be more
physically active than students in the control condition.

Other aims of our study are to understand the mechanisms
through which the InCharge program has its effects. We
investigate whether the effects of the program on health
behaviors can be explained by increased self-regulation, which
is expected to be one of the core mechanisms of the program.
Additionally, as previous research has shown the importance
of interpersonal communication in mass-mediated health
interventions [18], our study aims to investigate interpersonal
communication in the context of a school-based health
intervention.

Methods

Study Design
The InCharge effectiveness study is a cluster RCT including
the following two conditions: an experimental condition (the
InCharge program) and a control condition (no intervention)
(Figure 1). Participants are older adolescents (aged 16 years or
older) in schools for intermediate vocational education, schools
for higher general secondary education, and schools for
preuniversity education. After initial recruitment and enrollment
of schools in the trial, randomization takes place at the class
level. In each school, measurements in both experimental and
control classes are scheduled 1 week before the four lessons of
the InCharge program are implemented in the experimental
classes (baseline), and 1 week (posttest) and 3 months
(follow-up) after the experimental classes have completed the
InCharge program. In addition, the first and fourth lessons of
the program are observed by two independent coders in order
to obtain information on how the program is delivered,
interviews are conducted with teachers about their experiences
with the program, and focus groups are conducted with small
groups of students about their experiences with the program
(both interviews and focus groups are conducted 1 week after
the posttest assessment). After all data have been collected
within a school, control classes will also receive the intervention.
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Figure 1. Design of the cluster randomized controlled trial.

Participants

Recruitment
The Municipal Health Services and prevention departments of
regional institutions for the treatment and care of addiction help
to implement the InCharge program in schools. From these
Municipal Health Services and regional institutions, 47
prevention practitioners are trained by the Trimbos Institute to
instruct teachers on how to deliver the program and are asked
to provide us with a list of schools in their region interested in
participating in the InCharge study. The research team contacts
these schools to explain the objective and design of the study.
First, schools receive an invitation and an information brochure
via email, and thereafter, schools are contacted by phone to
discuss participation in the study. Schools are allowed to select
the number of classes participating in the study, with a minimum
of two classes because randomization occurs within schools.
To create comparable research conditions, schools are instructed
that a minimum number of two classes should be from the same
educational level of the field of study. Classes are eligible for
inclusion in the study if they contain older adolescents and the

level of education is intermediate vocational education, higher
general secondary education, or preuniversity education.
Students are recruited by class participation. In collaboration
with the schools, students’parents are informed about the study
objectives and receive passive informed consent forms. Written
active informed consent is obtained from all participating
students.

Randomization
We randomize the participants at the class level, and classes
within schools are matched on the school level in order to obtain
more comparable research conditions. Classes are randomly
allocated to the experimental or control condition by means of
repeated coin tossing. For each selection of matched classes
within schools, classes are assigned to the experimental
condition if the coin toss shows heads and to the control
condition if the coin toss shows tails. The coin toss procedure
is continued until all matched classes are assigned to a research
condition, such that as many matched classes as possible are
assigned to the experimental and control conditions.
Randomization is carried out centrally, with two researchers
present to monitor the procedure.
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Sample Size Calculation
Effect sizes are difficult to estimate for the InCharge program
because the program is newly developed. As school-based
prevention programs generally have small effects [12], we based
the estimation of the sample size on a small effect size (d=0.2)
[29]. In order to reliably detect a small-sized effect in a
two-sided test with a conventional significance threshold of
α=.05 and a power of (1–β)=0.80, 393 students are required
per condition. However, as students are nested in classes and
the program is delivered to classes of students, observations of
students in the same class are not independent. Therefore, the
required sample size is corrected for clustering. Assuming an
intraclass correlation of 0.025 and an average class size of 16
participating students, the required sample size increases to 560
students in 35 classes per condition. Calculations are made using
the downloadable procedure “clustersampsi” from Stata
(StataCorp).

Study Intervention
The experimental intervention is a school-based program named
InCharge, which has been designed for older adolescents. The
main objective of the program is to stimulate healthy lifestyle
behaviors, such as increased physical activity, and to decrease
unhealthy behaviors, such as binge drinking and eating
unhealthy foods. These objectives should mainly be obtained
by means of increasing students’ self-regulation skills.

InCharge Program
The InCharge program consists of four 50-minute lessons, and
each lesson contains three assignments of approximately 15
minutes. Teachers are trained on how to work with the program
material by prevention professionals from Municipal Health
Services or regional institutions for the treatment and care of
addiction. Materials, such as worksheets, videos, and a
web-based quiz tool, are available on a digital teacher platform.
In addition, a specially designed app for the smartphone (the
7-day challenge) is used to help students complete the program.

In the first assignment of the first lesson, students visualize their
goals for the next 5 years by thinking about what they want to
achieve in life and why this is important to them. In the second
assignment, students discuss the biggest temptations in their
lives. For this assignment, the teacher clears a space in the
classroom and draws an imaginary line. Students are asked to
position themselves alongside this imaginary line according to
how tempting they assess certain temptations, such as chocolate
or sweets, alcohol, and staying in bed in the morning. After
each temptation, the teacher asks the students to explain their
position. In the third assignment, students visualize how their
goals would be affected by repeatedly giving in to their biggest
temptations or repeatedly resisting their biggest temptations.

In the second lesson, the concept of self-regulation is introduced
(for students, self-regulation is called willpower). First, students

watch and discuss a video of the marshmallow experiment to
understand the role of self-regulation [30]. In this experiment,
young children are offered a choice between one marshmallow
provided immediately or two marshmallows after waiting for
a short period of time. The second assignment focuses on
previous experiences with willpower. Students are asked to
discuss their own experiences with succeeded challenges,
together with the applied strategies that helped them succeed.
Finally, all students prepare a challenge to complete during the
next week to train their self-regulation abilities. First, they set
a realistic goal for themselves related to a chosen health
behavior, after which they create a specific plan to achieve this
goal. This plan includes the identification of difficult situations
and the selection of coping strategies to address these situations
accordingly. The actual challenge is completed as a homework
assignment. With the help of a specially designed smartphone
app (the 7-day challenge), students monitor their progress.

In the third lesson, first, the results of the 7-day challenge are
discussed. During the second assignment, students reflect on
their original plan to complete the challenge and discuss how
these plans could further be improved. The third assignment
addresses peer pressure, as peers have been shown to strongly
influence the health behaviors of adolescents [31,32]. In order
to grasp the influence of peer pressure, students watch and
discuss a video of an experiment with a test subject sitting in a
room with confederates. As the room fills up with smoke, all
confederates remain calm as if nothing happens. As a result,
the test subject also remains seated, which could actually be
life threatening in case of a real fire.

The final lesson elaborates on alcohol use. At first, students
watch a video of partying adolescents who are consuming large
amounts of alcohol. The video shows a group of friends who
are having fun at first, but the situation ends with a conflict and
an injury as a result of excessive alcohol use. Thereafter,
students discuss the role of peer pressure in excessive drinking.
Second, in order to make them aware of current social norms,
students discuss the social acceptability of binge drinking by
means of an interactive web-based quiz. Finally, the students
identify situations in their own life, where it is important to be
careful with alcohol, and come up with strategies to do so. A
more thorough description of the assignments can be found in
Multimedia Appendix 1.

Data Collection
An overview of all measurements is provided in Table 1. Data
are collected by means of paper questionnaires, which are
answered during school hours under the supervision of a teacher.
In addition, observational data are collected during the first and
fourth lessons, complemented with qualitative data from
individual interviews with teachers and focus groups with a
selection of students.
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Table 1. Overview of measurements.

Follow-upPosttestBaselineMeasurement

XXXaDemographic variables

Self-control variables

XXXPerceived self-control/impulsivity

XXXPerceived temptations

XXXMotivation to resist temptations

Alcohol, snacking, and physical activity

XXXActual behavior

XXXIntentions

XXXAttitudes

XXXSocial norms

XXXNegative outcome expectancies

XXXSelf-efficacy

——bXPerceived parental rules

Communication about the program

—X—Frequency (with friends, classmates, and parents)

—X—Valence (with friends, classmates, and parents)

Communication about alcohol, snacking, and physical activity

XXXFrequency (with friends, classmates, and parents)

XXXValence (with friends, classmates, and parents)

Program evaluation

—X—Teacher evaluation (student questionnaire)

Intervention evaluation

—X—Student questionnaire

—X—Student focus group

—X—Teacher interview

aMeasurement performed.
bMeasurement not performed.

Outcomes

Questionnaire Data
The InCharge program aims to stimulate a healthier lifestyle in
general among older adolescents by increasing self-regulation
skills. In terms of outcome measures, the study focuses on the
following three outcome behaviors: alcohol use, snack intake,
and lack of physical activity. A pilot study of the program has
shown that these behaviors are most prevalent among older
adolescents. The main outcomes that are measured for alcohol
use, snack intake, and physical activity are the actual behaviors
and predictors of the behaviors. Snack behavior and physical
activity are operationalized as the number of times adolescents
consume snacks and are physically active in an ordinary week
as well as in the past 7 days [33]. Alcohol use is operationalized
as the number of times adolescents drink alcohol and engage
in binge drinking in the past 4 weeks (ie, frequency), as well as
the number of drinks adolescents usually consume on one
occasion (ie, quantity). Moreover, the predictors of these

behaviors are operationalized according to the TPB as attitudes,
subjective norms, perceived behavioral control, and behavioral
intention [20]. As an additional predictor, negative outcome
expectancies are defined as the anticipated negative result of a
certain behavior [34]. We operationalized negative outcome
expectancies as the probability that exercising less than once a
week or daily snacking will lead to weight increase, a poor
condition, and health-related problems. For alcohol use, negative
outcome expectancies are operationalized as the probability that
drinking more than five glasses of alcohol on one occasion will
lead to sickness, loss of control, blackouts, regret, and violence
(including sexual violence). Finally, parental rules for the three
behaviors are assessed.

Additional measures are general self-control, assessments of
various temptations, interpersonal communication about the
three health behaviors and the intervention, and evaluation of
the program and teacher. First, we assess self-control using an
adapted version of the Brief Self-Control Scale [35], which
assesses deliberative action and impulse control using the
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following items: “I am good at resisting temptations,” “I have
a hard time breaking bad habits,” “I do certain things that are
bad for me, if they are fun,” “I wish I had more self-discipline,”
“People would say that I have iron self-discipline,” “Pleasure
and fun sometimes keep me from getting work done,”
“Sometimes I can’t stop myself from doing something, even if
I know it is wrong,” and “I often act without thinking through
all the alternatives.” Second, we assess the perceived strength
of the temptations with respect to alcohol use, snack intake, and
lack of physical activity, as well as the motivation to resist these
behavioral temptations. Third, we operationalized interpersonal
communication as the frequency of discussions about the
intervention (intervention condition only) and the three health
behaviors outside class, and how positive or negative adolescents
talk about the intervention and these three behaviors. The
conversational frequency and valence are separately asked for
conversations with friends, classmates, parents, and the teacher
who taught InCharge. Fourth, regarding the program evaluation,
we assess student perceptions of both the teacher and the
prevention program InCharge. The included teacher-related
measure is teacher communication, which is operationalized as
a selection of variables assessing teacher clarity, verbal
immediacy, and content relevance [36-38]. Evaluations of the
program consist of an affective (eg, fun) and cognitive
component (eg, informative).

Observational Data
Observations are conducted during delivery of the first and
fourth lessons of InCharge to provide information on the
classroom processes and how the program is delivered
(Multimedia Appendices 2 and 3). The main outcomes of the
observations are treatment integrity (ie, adherence to the
protocol), interpersonal communication during the intervention,
classroom interactional processes, teaching style, and student
participation. First, treatment integrity or adherence is
operationalized as the extent to which the delivered intervention
resembles the intended intervention [39]. Additionally, we assess
whether the teacher appears to support the intervention. Second,
interpersonal communication is operationalized as the number
of times a student or teacher talks about the three outcome
behaviors during plenary discussions. We also assess whether
a student or teacher initiates these discussions about the three
outcome behaviors, whether comments during the plenary
discussions are based on own experiences, and whether a student
or teacher gives suggestions to increase self-efficacy regarding
the three behaviors. Third, classroom interactional processes
consist of three dimensions, namely emotional support (eg,
positive climate), classroom organization (eg, behavior
management), and instructional support (eg, quality of feedback
[40]). Fourth, teaching style consists of the two components
warmth and control [41]. Finally, we code several characteristics
referring to student behavior, such as student participations,
disruptive behaviors, and general class atmosphere.

Qualitative Data
The topic list of the focus groups with students includes
interpersonal communication about temptations, evaluations of
the InCharge program, and evaluations of the teacher. For
interpersonal communication, we investigate the motivation to

discuss temptations with the teacher, friends, classmates, and
parents, and reasons why students did not discuss temptations
with these conversational partners. The content as well as the
valence of the conversations about temptations is investigated
for interpersonal communication both within class and outside
class. For the evaluation of the program, we aim to understand
what parts of the intervention students find helpful or not,
whether students actively complete in-class and homework
assignments, and whether students think the intervention helps
them to deal with temptations in the future. Lastly, we ask
students about whether their teacher clearly explains the
assignments during the intervention, who should ideally be
given these interventions, and their perceptions of their teacher’s
support for the intervention.

The topic list of interviews with teachers includes interpersonal
communication, teacher perception of students, and evaluation
of InCharge. For interpersonal communication, we assess the
content and valence of conversations with students about the
InCharge program, both during the intervention and outside
class, as well as conversations that teachers have overheard
among students. For teacher perception of students, we
investigate how teachers perceive students’ participation and
enjoyment. Finally, we discuss the health intervention with the
teacher in order to find improvements for the program.

Statistical Analysis
The background variables of the students (eg, gender, age, and
educational level) will be checked to assess whether these
variables are successfully randomized across the experimental
and control conditions. Unsuccessfully randomized variables
will be included as covariates in further analyses to control for
potential confounding. Our data have a multilevel structure
because participants are nested within classes, and these classes
are nested within schools. Therefore, participants in one class
or school are more similar than participants in other classes or
schools. To account for this potential dependency in the data,
we will correct standard errors and parameter estimates for
clustering.

In order to determine the effectiveness of the health intervention,
an intention-to-treat procedure and completers-only framework
will be used to analyze the data. An intention-to-treat analysis
of the data implies that participants will be analyzed under the
condition that they are initially assigned, whereas
completers-only framework analyzes only participants who are
present at all time points. Using multilevel analyses, the three
behavioral outcomes (snack intake, physical activity, and alcohol
use) will be compared between participants in the experimental
condition and those in the control condition at posttest and
follow-up to determine the effects of the program. In the
experimental condition only, multilevel analyses will be
conducted to investigate the influence of treatment integrity on
the predictors of the three health behaviors at posttest and
follow-up. For missing data in multilevel models, maximum
likelihood estimation will be used. As self-regulation is an
important concept in InCharge, we will test whether the potential
effects of InCharge on the health behaviors are explained by
self-control. Additionally, relations between interpersonal
communication with teachers, friends, classmates, and parents
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(ie, frequency and valence) and health-related outcomes, such
as a mediating role between the conditions and outcomes, will
be tested. As the program is delivered by teachers, we will also
test in the experimental condition whether teacher
communication relates to the evaluations of the health
intervention and the three behavioral outcomes, using structural
equation modeling. For structural equation models, expectation
maximization will be used to impute the data.

For the qualitative data, interviews with teachers and focus
groups with students will be analyzed on the strengths and
weaknesses of the program in order to adapt the program.
Furthermore, qualitative data will be used to determine the
content of interpersonal communication with regard to the
InCharge program and various temptations.

Patient and Public Involvement
No patient is involved in this study.

Ethics and Dissemination
The trial has been approved by the Ethics Review Board of the
Faculty of Social and Behavioral Sciences of the University of
Amsterdam (reference no.: 2017-PC-8244), and the trial is
registered with the Netherlands Trial Register (NL6654).
Manuscripts reporting the effectiveness of the health intervention
and our other aims will be submitted to peer-reviewed journals
for publication.

Results

The recruitment, inclusion, and randomization of participants
(ie, schools) started in the spring of 2017 and was continued in
the spring of 2018, and data are being collected during the
following two consecutive school years: 2017-2018 and
2018-2019. As of June 2019, a total of 1216 participants have
been enrolled for this trial. This study is part of a PhD project
and is expected to be completed in November 2020.

Discussion

Goals of the Study
The goal of this paper is to describe the study protocol of a
cluster RCT that aims to evaluate the effectiveness of a
school-based health intervention named InCharge. The goal of
this program is to stimulate healthier lifestyles by improving
the self-regulation skills of older adolescents. We expect that
adolescents will be more inclined to refrain from binge drinking
and eating unhealthy foods and to be more physically active
after following the InCharge program compared with adolescents
in the control condition.

Strengths and Limitations
Given that InCharge is a school-based health intervention, the
potential to reach a large number of adolescents is an important
strength of the program. Second, the underlying mechanisms
of InCharge are based on several often successfully tested and
relevant theories such as the SCT [19] and the TPB [20],
indicating that the program is theoretically well-founded. In
addition to the theoretical foundation of the program, the content
of InCharge is tailored to the developmental phase of older

adolescents by including self-regulation as a core mechanism,
which has been proven as one of the most effective prevention
strategies during this developmental phase [12]. Furthermore,
the study uses a mixed-method design with both quantitative
and qualitative data to evaluate the effectiveness of the program.
Another strength of the design is that it includes measures for
immediate outcomes and measures for follow-up at 3 months,
enabling us to assess both the short-term and medium-term
effects of the prevention program in comparison with a control
group. Lastly, research has shown that interpersonal
communication about health topics strongly influences health
behavior [16,17]. In our design, we investigate similar purposes
of interpersonal communication, as well as the role of teacher
communication, in the context of a school-based health
intervention.

Our study has some limitations as well. The unit of
randomization was classes instead of schools. The presence of
both experimental classes and control classes within the same
school could result in contamination between conditions because
students from the experimental and control condition could have
shared information about the intervention. However, as classes
within the same school are generally more similar than classes
from different schools, we expect that randomization at the class
level will result in more comparable research conditions than
randomization at the school level. Another limitation relates to
the fact that the questionnaire data are obtained through
self-reports. A disadvantage of self-reported data is that
participants likely want to present themselves favorably, and
hence, this might influence how they respond to surveys [42].
One example of such a bias in self-reports is the social
desirability bias [43], which means that participants respond in
a way that they believe would be perceived as socially desirable
by others. This bias could, for example, lead participants to
wrongly estimate the frequency of their health behaviors. To
limit the incentive for social desirability, we assure participants
about complete confidentiality and anonymity of their data.

Practical Relevance
The InCharge study evaluates the effectiveness of the program,
and its findings will help to further improve the program. The
study also investigates whether including self-regulation as a
key component in a school-based health intervention promotes
healthier lifestyles among older adolescents. If findings reveal
that improving self-regulation skills decreases unhealthy
behaviors, such as alcohol use and snack intake, and increases
healthy behaviors, such as physical exercise, the findings may
aid the developers of health interventions in designing effective
behavior change programs for older adolescents. In addition to
the content of the intervention, investigating how teacher
communication relates to the three health behaviors can provide
information on how to communicate for a school-based health
intervention. This information can be used to formulate
communication guidelines in order to improve the delivery of
school-based health interventions and, ultimately, healthier
lifestyles. Promoting healthier lifestyles is especially important
for older adolescents because unhealthy behaviors generally
peak during late adolescence [4,5]. Finally, this study aims to
provide information on how interpersonal communication during
the intervention and outside the classroom could improve or
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hamper the effectiveness of school-based health interventions.
These findings may help health care professionals in designing
interventions that elicit desired conversations about
health-related topics in order to stimulate healthier lifestyles.

Conclusion
This protocol study uses an RCT to assess the effectiveness of
InCharge, a newly developed school-based health intervention

for older adolescents. As previous research has shown that
utilizing self-regulation is an important prevention strategy, the
goal of InCharge is to promote healthier behaviors, such as
physical activity, and discourage unhealthy behaviors, such as
alcohol use, by enhancing self-regulation skills. The program
will be improved based on the findings of the effectiveness
study.
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Abstract

Background: Disclosure of HIV serostatus is important for the prevention of HIV infection among men who have sex with
men (MSM). However, knowledge of sexual partners’ HIV status among MSM in China is low. As a complement to HIV testing
services, HIV self-testing (HIVST) has considerable potential to promote serostatus disclosure.

Objective: The primary objective of our trial is to evaluate the effect of HIVST on improving serostatus disclosure to sexual
partners. We hypothesize that MSM in an intervention condition will have a higher awareness of the HIV status of their sexual
partners compared with MSM in the control condition. The secondary aims are to evaluate (i) changes in sexual behaviors after
disclosure of HIV status by sexual partners, (ii) promotion of the frequency of HIV and syphilis testing on participants and their
sexual partners, and (iii) factors that restrict the disclosure of HIV infection to sexual partners. We hypothesize that MSM in the
intervention condition will exhibit safer sexual decision making and a higher rate of HIV testing uptake compared with MSM in
the control condition.

Methods: A stepped wedge randomized controlled trial will be conducted throughout China. Study recruitment of 800 MSM
will be promoted through advertisements released on WeChat public accounts. Individuals who are born biologically male, aged
≥18 years, HIV negative, and who have not undergone HIV testing in the past 3 months will be recruited. Eligible men will be
randomly divided (1:1:1:1) into four groups and randomized. The group cluster will initiate the intervention so that participants
will be provided with 2-4 free finger prick–based HIVST kits until trial completion. The intervention period for participants in
each of the four groups will be initiated at 3-month intervals. Men in both groups will be required to complete a baseline and four
follow-up surveys every 3 months. The primary intervention outcome will evaluate the effect of the distribution of HIVST kits
on improvement in the disclosure of sexual partners’ HIV status. The secondary outcomes will be changes in sexual behaviors
after disclosure of HIV status from sexual partners, the promotion of the frequency of HIVST on participants and their sexual
partners, and the factors that restrict disclosure of HIV status to sexual partners.

Results: Subject recruitment began in August 2018. The first round of follow-up surveys post intervention is complete, with
three rounds remaining to be done. Data analysis was scheduled for April 2020 and the results will be disseminated through
conferences and peer-reviewed publications.

Conclusions: Few studies have evaluated interventions to increase knowledge of sexual partners’ HIV status among MSM. Our
trial will provide information on the link between HIVST and HIV serostatus disclosure. The findings of this trial will facilitate
the implementation of HIVST services to help control the spread of HIV among MSM in China.
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Introduction

Background
The HIV epidemic is a significant public health problem
worldwide, especially among men who have sex with men
(MSM) [1,2]. Of all new HIV infections worldwide in 2017,
MSM accounted for 18% but reached 29% in the Asia-Pacific
region [3]. National surveillance data have indicated that HIV
prevalence among MSM in China increased from 0.9% in 2003
to 8% in 2015 [4,5]. Despite considerable efforts, HIV-positive
MSM comprise an increasing proportion of newly infected
individuals infected through regular or casual sexual partners
[6]. Thus, HIV serostatus disclosure from sexual partners is
essential for the prevention and control of HIV infection among
MSM [7].

There are several benefits of HIV serostatus disclosure between
sexual partners. It facilitates serosorting, promotes safer sexual
behavior, and reduces the risk of HIV acquisition [8-10]. For
example, women in Kenya are more likely to use condoms after
receiving the HIV-positive results of male partners [11].
However, the practice of HIV serostatus disclosure remains
uncommon among MSM in low- and middle-income countries
(LMICs) [12,13]. A recent study among MSM in China found
that the knowledge of sexual partners’ HIV status for most
“regular” and “casual” male partners was only 20.6% and
17.8%, respectively [14]. This low prevalence may be due to
fear of violence [15], concerns about upsetting family numbers
and rejection [16,17], or lack of social support [18]. Low uptake
of HIV testing is another critical concern with the disclosure of
HIV status [19]. However, a meta-analysis in China showed
that only 38% of MSM had taken an HIV test in the previous
12 months and that 53% of MSM had never undertaken an HIV
test in their lifetime [20].

HIV self-testing (HIVST) is a complement to conventional
facility-based HIV testing services and has been recommended
by the World Health Organization (WHO) since 2015 [21].
Individuals who use HIVST can collect their blood or saliva
privately, conduct a test, and read the results themselves. With
the characteristics of privacy, convenience, and confidentiality,
HIVST is attractive to MSM [22-24]. Studies have indicated
that HIVST has high acceptability among MSM, and a
considerable proportion of MSM have expressed great interest
and are willing to use it [25-27]. Two randomized controlled
trials (RCTs) conducted in developed countries demonstrated
that HIVST increases the frequency of HIV testing among MSM
[28,29].

Many studies have primarily focused on the process [30],
benefits and barriers [16], and factors associated with HIV

serostatus disclosure [9]. One prospective cohort study and an
RCT in Kenya indicated that HIVST kits distributed by sexually
active females could promote HIV status disclosure from their
heterosexual partners, and subsequently safer sexual
decisionmaking [11,31]. However, few studies have explored
the intervention effect of HIVST to promote HIV status
disclosure among MSM. Further studies are urgently needed to
fill the current gap and evaluate the effect of HIVST intervention
on improvement of HIV serostatus disclosure among MSM in
China.

Objective
The primary objective of our trial is to evaluate the effect of
HIVST on improving HIV serostatus disclosure between sexual
partners. The hypothesis is that MSM receiving free HIVST
test kits and counseling will have a higher awareness of the HIV
status of their sexual partners compared with MSM in the control
condition. The secondary aims are to determine the: (i) changes
in sexual behaviors after disclosure of HIV status from sexual
partners; (ii) promotion of the frequency of HIV and syphilis
testing on participants and their sexual partners; (iii) factors that
restrict the disclosure of HIV infection to sexual partners. The
hypotheses are that MSM in the intervention condition will
exhibit safer sexual decisionmaking and a higher rate of HIV
testing compared with MSM in the control condition.

Methods

Trial Design
Given the significantly higher risk of acquiring HIV among
MSM than the general heterosexual population, an RCT is not
appropriate on ethical grounds. Therefore, this study was
designed as a stepped wedge RCT. This design will ensure that
all participants have an equal chance to initiate the intervention,
though each group will begin the intervention at different times.
Also, a pragmatic stepped wedge RCT design will allow the
evaluation of the intervention in different groups rather than in
a single group.

Study Setting and Recruitment
An online cohort will be established. All information, including
surveys and HIVST results, will be collected through Gold Data,
an online platform dedicated to data collection [32]. A few
personal WeChat (Tencent) public accounts that are active in
the MSM social circle will release an advertisement to invite
MSM to participate in the trial. The advertisement will explain
the study objectives, content, and procedures. Restrictions on
the use of Internet Protocol addresses will ensure that all
participants can complete the survey only once. A 20 RMB
(2.84 USD) incentive will be delivered to each participant for
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the first baseline, and 20 RMB (2.84 USD) for each follow up.
Participants who complete all five surveys (baseline and four
follow-ups) will earn an extra 200 RMB (28.39 USD) to
compensate for their time.

A baseline survey will be used to assess eligibility. Eligible men
will be randomly divided into four groups at a ratio of 1:1:1:1.
Intervention for the four groups will be randomized and initiated

at 3-month intervals. Participants who reach the intervention
period will be provided with 2-4 free HIVST kits. The trial will
last for 1 year. All individuals who enroll in the trial will be
required to complete four follow-up surveys every 3 months.
The trial will not be blinded because researchers will be aware
of the assignment and sequence with which intervention
materials are delivered to each participant. A flowchart
describing the trial design is presented in Table 1.

Table 1. Study schedule.

Post allocationAllocationEnrollmentTimepoint

T4dT3cT2bT1aAug 2018-Feb 2019Aug 2018-Feb 2019Enrollment

XOnline recruitment

XEligibility screen

XInformed consent

XAllocation

Intervention initiated

IIIIeGroup A

IIICfGroup B

IICCGroup C

ICCCGroup D

Assessments

XXXXOnline surveys

aT1: 1-3 months after enrollment.
bT2: 3-6 months after enrollment.
cT3: 6-9 months after enrollment.
dT4: 9-12 months after enrollment.
eI: Intervention condition.
fC: Control condition.

Inclusion Criteria
Men who provide written informed consent and meet all of the
following criteria will be regarded as eligible and invited to
participate: born biologically male; age ≥18 years;
HIV-negative; had oral or anal sex with men in the previous 6
months; no HIV testing in the past 3 months; willing to provide
their telephone number and address (for follow-up and delivery
of HIVST kits); willing to accept HIVST kits; willing to share
truthful information regarding sexual behavior and HIV testing;
willing to accept consultation before and after HIVST and links
to HIV care.

Exclusion Criteria
MSM will be excluded if they are participating in other research
projects, unable to speak or read the Chinese language, unable
to complete the online questionnaire using a mobile telephone,
or cannot provide written informed consent.

Randomization and Allocation
The Mersenne Twister pseudo-random number generator will
generate 200 groups of 1-4 random number tables using SAS
(SAS Institute) to determine each participant’s group
assignment. Then, researchers will randomly select four balls

marked 1, 2, 3, and 4 from a closed container to determine the
intervention sequence (A-B-C-D). Interventions will be initiated
at 3-month intervals.

Intervention Implementation
When MSM participants reach the intervention period,
researchers will send a Quick Response (QR) barcode to each
participant to request delivery of 2-4 HIVST kits. The survey
is nationwide, and participants will be asked to provide their
telephone number and address for delivery of the requested kits.

The HIVST kits will be sent 1-2 days after request and can be
used for HIV testing by the participants themselves and their
sexual partners. To confirm that participants have used their
HIVST kits and help researchers provide consultations,
photographs of all HIVST results must be uploaded and
submitted through the online survey platform within 20 min
after testing. If participants have shared the HIVST kits with
their sexual partners, the latter will also be asked to upload a
photograph of their HIVST results and complete a questionnaire.
The telephone number of participants who share the HIVST
kits will also be required for indemnification matching.
Participants will be permitted to apply for repeat delivery of
2-4 HIVST kits if previously delivered kits have been used,
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with no restrictions on the number of HIVST kits permitted
during the research period. For participants’ convenience and
privacy, the HIVST kits will be delivered by express mail in
discreet packaging without visible text mentioning HIVST.
Participants will not have to pay for HIVST kits or postage.

HIVST Kit Components
Finger prick HIVST kits (Wondfo) approved by the Food and
Drug Administration of China will be used. Antibodies against
HIV 1/2 will be detected 6 weeks post infection using blood
specimens [33]. In addition to HIV, the assay also contains

reagents to test for antibodies against syphilis, the hepatitis C
virus, and surface antigens of the hepatitis B virus, which are
prevalent among MSM in China (Figure 1). Consumables
needed for testing (alcohol, cotton, disposable blood needles,
EDTA capillary tubes, and bandages) will be provided in each
kit. Video and written instructions will provide detailed
procedures for testing and an explanation of possible results.
Participants can contact the study administrators through a 24-h
telephone number or WeChat account if they encounter
problems or difficulties during testing.

Figure 1. HIVST kits used in the study.

Consultation and Referral Services
Researchers will provide consultation via WeChat, the platform
used to enroll in the study, before and after testing. Trained
researchers will provide pretest consultation for all participants,
informing them of the purpose and significance of HIV testing
at the time participants make their test kit request. In addition
to sending HIVST kits, test kit instructions (written and video)
will be distributed. For those participants who cannot use the
self-testing kits after reading the instructions, WeChat and
telephone support will be provided. Posttest counseling will be
provided within 24 hours after the test results are uploaded. Test
results uploaded by participants and their sexual partners will
be reviewed daily. Individuals whose test results are “positive”
or “indeterminate” will be contacted immediately by telephone
or WeChat. Posttest consultation for those who upload
HIV-negative results will consist of a reminder of the meaning
of a negative test result and how to prevent HIV infection. Those
who have positive self-test results will receive HIV posttest
consultation services, including interpretation of the test results
and referral to services for clinical confirmation testing and

antiviral treatment. Materials for dried-blood spot (DBS) testing
will be recommended and freely provided for further testing,
including western blotting and nucleic-acid detection, at the
Key Laboratory of AIDS Immunology of Liaoning Province
(First Affiliated Hospital of China Medical University,
Shenyang, China) [34]. HIV laboratory test result confirmation
will be provided to participants, and counseling and referral
will be suggested.

Contamination Control
The initial screen will ask whether the applying participant’s
partners or friends have participated in this HIVST study. To
reduce the potential for contamination between groups,
participants who indicate their partners or friends have
participated in the study will be deemed ineligible to participate.

Study Measures and Outcomes
Baseline and follow-up surveys will be completed via mobile
telephone and collected through Gold Data, the most popular
online data collection system platform in China. Study
administrators will establish an online survey form and generate
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a QR code link to the survey questionnaire. Study subjects will
scan the QR code provided and complete the survey, indicating
their willingness to participate in the project and the conditions
for participation. A link to the questionnaire is also included in
the HIVST kit instruction manual mailed to the respondent.
After completing the HIVST, participants scan the QR code
and provide their identification numbers, social background,
and behavioral information, and uploaded photos of self-test
results.

Data privacy is assured by contractual agreement with Gold
Data, as well as Gold Data’s encryption systems. Participants
are asked to use pseudonyms rather than their real names. A
secondary identifier is provided with each participant’s
questionnaire. Study administrators also used physical controls,
such as locked storage for study data, to ensure participants’
privacy and data security.

A baseline questionnaire will be used to screen candidates for
inclusion eligibility. Eligible participants will be required to
complete the remaining questions in the surveys. Data collection
will include social background (age, level of education, monthly
income, occupation, marital status, and sexual orientation),
high-risk sexual behaviors, and experience of HIV testing.
High-risk sexual behaviors, including the number and type of
sexual partners, number of condom-less oral or anal sex
encounters, and knowledge of sexual partners’HIV status during
the past 3 months, will be documented. HIV testing history,
including the number of self-reported HIV tests, experience
with HIVST, and variables, will also be recorded.

Participants will be asked to complete follow-up surveys within
one week after being notified via WeChat message. Follow-up
surveys will be performed at 3, 6, 9, and 12 months after
enrollment. The distribution of HIVST kits, sexual partners’
willingness to use the kits, and the rate of HIV status disclosure
by sexual partners will be collected. In addition to high-risk
sexual behaviors and HIV testing experience in the baseline
survey, sexual decision making will also be measured to evaluate
the effect of HIV status disclosure. Questions regarding sexual
decisionmaking will focus mainly on whether to have sex and
condom use (never/sometimes/usually/always using) for oral
or anal sex after knowing the HIV status of sexual partners
(negative/positive/unknown). Participants who report that they
are unwilling to disclose their HIV status to sexual partners will
be asked questions about sexual orientation, HIV status, type
of sexual partners, HIV testing-related violence, and HIV testing
history.

Reminder messages will be sent via WeChat for 3 weeks to
ensure the completion of follow-up surveys. Participants will
be considered lost to follow-up if they do not complete their
survey within 1 month.

Sample Size
To calculate sample size, we used the calculation tool for the
stepped wedge RCT design developed by Hussey et al [35].
Tang and colleagues found that in China, the proportions of
MSM being told of their partners’ HIV status were 20.6% and
17.8% for most regular and casual male partners, respectively
[14]. Assuming that the effect of the intervention period was

superior to that of the control period, an overall growth of 10%,
four intervention periods, a coefficient of variation of 0.40
(usually between 0.15 and 0.40), a two-sided α of 0.05, and
90% power, the total sample sizes of 620 and 560 for the most
recent regular and casual male partners were significant. Given
a loss to follow-up of 20%, we made a conservative estimate
that 200 men in each group would be sufficient to detect
differences between the intervention and control conditions.

Data Management
Survey data and photographs of testing results will be collected
through an online survey platform. Only researchers will have
an account and password, so the safety and privacy of
participants are ensured. Data will be downloaded directly and
saved in an identifiable format on a computer. When the data
are transmitted, some identifiable variables, such as name,
telephone number, and address, will be encrypted for privacy
protection. A specific telephone will be used for daily contact
with participants during the trial and will be locked in a
document cabinet after work every day.

Analysis Plan
Survey data will be imported into SAS for data management
and analysis. The primary outcome will be the self-reported
disclosure of HIV status by sexual partners during the past 3
months. Generalized linear mixed models will be used to
compare the differences between intervention and control
conditions for primary outcome analysis. Intervention status
and time will be treated as fixed effects, whereas group clusters
and individuals will be estimated as random effects. The effects
of the intervention will be reported with 95% confidence
intervals and P values. P<.05 will be considered significant.

Similar methods will be used to measure secondary outcomes,
including the frequency of HIV testing uptake, frequency of
syphilis testing, number of sexual partners, and unprotected sex.
In addition, logistic regression analysis will be used to explore
the relationship between the HIVST results of sexual partners
and condom use during sexual intercourse. Factors such as
sexual orientation, HIV status, type of sexual partners, HIV
testing-related violence, history of HIV testing, and others will
be measured to examine their association with disclosure of
HIV status to sexual partners.

Patient and Public Involvement
We invited a community-based organization worker from the
Shenyang Sunny organization and two MSM to participate in
revising the structure and content of our recruitment
advertisement, guaranteeing it would be attractive and relevant
to the MSM community. These individuals were not involved
in conducting the study. As the intervention will be initiated at
different times, all participants have the right to seek other HIV
testing services during the study, regardless of the group to
which they have been assigned. The results will be disseminated
to the public and study population after study completion.

Ethics and Dissemination
The research program and procedures have been approved by
the ethics committee of the First Affiliated Hospital of China
Medical University (2018-174-2). The study was registered
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with the Chinese Clinical Trial Registry (trial ID:
ChiCTR1800019453) on November 12, 2018. Informed consent
forms will be provided to each participant before the
questionnaire and distribution of HIVST kits. Participants will
be able to withdraw from the study at any time. We will use a
mobile telephone to contact respondents. The findings of the
study will be made available to local and national government
agencies in China and disseminated through academic
publications and international conferences.

The study was retrospectively registered under ID
ChiCTR1800019453 on Chinese Clinical Trial Registry because
the authors were unaware of the definition of a clinical trial per
the International Committee of Medical Journal Editors.

Results

At the time of publication, recruitment and intervention are
complete for all participants. Data for the baseline and initial
investigation have been added to Chinese Clinical Trial Registry.

Discussion

HIV serostatus disclosure has important implications for the
prevention and control of HIV epidemics. Studies have
suggested that HIV testing (especially for couples) is critical
for disclosure of HIV status [36]. The situation is similar in
China. A recent observational study of eight cities showed that
HIV testing and HIVST were positively associated with HIV
status disclosure for regular and casual male partners [14].
Studies have demonstrated that HIVST can promote the
disclosure of HIV status among heterosexual couples, but no
scholars have evaluated the impact among MSM. A nationwide,

large-scale, stepped wedge RCT is necessary to evaluate the
ability of HIVST to facilitate HIV status disclosure among MSM
in China. If successful, evidence derived from our trial could
be used to expand the implementation of HIVST services. The
trial outcome will also provide policy and intervention strategies
for this key population in government and community
organizations.

Our trial will also explore the impact of HIVST intervention on
HIV testing uptake among participants and their sexual partners.
Since 2012, the WHO has recommended MSM to undergo HIV
testing with their partners [37]. Our trial will provide multiple
HIVST kits to each participant and permit them to share those
kits with their sexual partners. This form of secondary
distribution may aid in our understanding of how to improve
the level of HIV testing uptake in MSM.

Our trial has four main limitations. First, a 12-month research
period is relatively long, and to maintain compliance from
participants (especially during follow-up) will be challenging.
To compensate for this anticipated loss, we will enlarge the
sample size by 20%. Second, because the survey interval is 3
months, recall bias may occur during information collection.
To compensate, researchers will assess whether some
questionnaire variables are consistent with subsequent feedback
from participants. Third, migration of participants may occur
during the long study period. To circumvent this problem, we
will remind participants to contact us and update their mobile
telephone number and residence address. Other information
will be used to match identification if necessary. Finally,
participants will be recruited through the internet; MSM who
lack access to the internet will not be recruited, which may limit
the generalizability of study results.
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Abstract

Background: The use of cardioplegia solutions as a myocardial protection technique is essential during cardiac surgery with
cardiopulmonary bypass. The del Nido cardioplegia solution (DNS) has been widely used as a myocardial preservation technique
for pediatric patients undergoing cardiac surgery with cardiopulmonary bypass. Its unique pharmacological features have created
growing interest for adult cardiac surgery, especially for elderly patients or those with ventricular dysfunction who are more
prone to ischemia-reperfusion injury. Ever since its implementation, several retrospective studies have been published to validate
the efficacy, safety, and efficiency of DNS in adult patients undergoing coronary revascularization, valve replacement, or combined
procedures. Recently, a meta-analysis based on nine retrospective studies was published claiming the noninferiority of DNS
compared to other conventional cardioplegia solutions. Few prospective randomized studies have been conducted whose primary
outcome was the assessment of DNS clinical efficacy compared to other solutions commonly used in adult patients.

Objective: The aim of this randomized clinical trial is to assess the benefits of DNS compared to Cardi-Braun blood cardioplegia
solution in clinical and biochemical terms regarding myocardial protection during adult cardiac surgery.

Methods: This is the protocol of a controlled, randomized, single-center clinical trial carried out at the Puerta de Hierro
Majadahonda University Hospital in Spain. A total of 474 participants over the age of 18 years undergoing elective cardiac surgery
with cardiopulmonary bypass will be assigned to groups by simple randomization to receive either DNS or Cardi-Braun blood
cardioplegia solution. The primary outcome will be the differences between groups in myocardial protection in biochemical terms
(ie, perioperative troponin levels) and clinical terms (ie, presence of the composite variable acute cardiovascular event). The
clinical trial will be carried out under conditions of respect for the fundamental rights of the person and the ethical principles that
affect biomedical research with human beings, as well as in accordance with international recommendations contained in the
Declaration of Helsinki and its subsequent revisions.

Results: The inclusion process started in 2018. Data cleaning and analyses are expected to take place in the fall of 2020 and
the results are expected in January 2021.

Conclusions: This study is particularly relevant as it will be one of the first to analyze the clinical effects of del Nido cardioplegia
on the basis of direct myocardial protection parameters. In light of published studies, carrying out prospective studies based on
primary clinical objectives with a larger sample, high-risk patients, and longer cardiopulmonary bypass times continues to be
necessary. We believe that our study addresses an important gap in the knowledge of del Nido cardioplegia in adult patient cardiac
surgery and will be able to clarify the possible benefits of this method in a large population of patients undergoing these procedures.

Trial Registration: European Union Drug Regulating Authorities Clinical Trials Database (EudraCT) 2017-005144-14;
https://www.clinicaltrialsregister.eu/ctr-search/search?query=2017-005144-14+; ClinicalTrials.gov NCT04094168;
https://clinicaltrials.gov/ct2/show/NCT04094168
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Introduction

Scientific Background and Explanation of Rationale
Myocardial protection during cardiac surgery with
cardiopulmonary bypass is essential to avoid detrimental effects
of ischemia secondary to aortic cross-clamping. To do so,
several strategies have been used throughout the years, such as
intermittent aortic occlusion, induced ventricular fibrillation,
deep systemic hypothermia, or the administration or cardioplegia
solutions.

In 1955, Melrose et al were the first to propose the concept of
hyperkalemic cardioplegia, using a high-concentration
potassium-citrate solution to afford elective reversible cardiac
arrest [1]. Ever since, multiple pharmacological solutions and
modes of administration have been studied, without currently
having a clear and homogenous model considered a reference
standard.

On the other hand, there has been a tangible change in the
features of patients undergoing cardiac surgery for the last two
decades. Patients are older and, therefore, have increased
comorbidity, and they undergo more complex surgical
procedures, which entail longer ischemia times. The quest for
a cardioplegia solution providing maximal myocardial protection
has never been more important.

The del Nido cardioplegia solution (DNS) was first formulated
for pediatric cardiac surgery in the early 1990s and has been
widely used ever since [2]. It contains the crystalloid Plasmalyte,
with an electrolyte composition similar to that of the
extracellular space. Its mannitol content reduces myocardial
cell inflammation and serves as an ischemia induced-free-radical
scavenger. Magnesium sulfate improves ventricular recovery
by preventing excessive intracellular calcium to build up by
blocking calcium channels. The presence of lidocaine, which
blocks sodium channels, prolongs the myocyte refractory period.
The formula provides adequate myocardial protection for
ischemia periods of up to 90 minutes.

Its pharmacological properties have contributed to its popularity
for elderly patients with depleted myocardial reserve undergoing
cardiac surgery [3,4]. Experimental studies carried out in aged
rabbit hearts showed further accumulation of calcium and,
therefore, an undermined ventricular function after prolonged
ischemic periods. DNS used with the same experimental
population showed decreased intracellular calcium levels and
fewer spontaneous ventricular contractions [5].

Several retrospective studies have assessed the safety and
efficacy of DNS in adults undergoing coronary

revascularization, valve replacement, combined procedures,
and cardiac reinterventions [6-8].

In 2017, a meta-analysis comparing the effects of DNS and
conventional cardioplegia solutions in adult cardiac surgery
was published [9]. It concluded that there were shorter aortic
cross-clamp times, reduced cardiopulmonary bypass times,
reduced need for mechanical ventilation, and shorter intensive
care unit (ICU) lengths of stay for the DNS group. On the other
hand, no significant differences were observed as far as the
following were concerned: the evolution of cardiac enzymes,
postoperative vasoactive needs, the appearance of atrial
fibrillation, in-hospital lengths of stay, or mortality. DNS
appeared to be noninferior in terms of myocardial protection,
morbidity, and mortality. Nevertheless, the results are somewhat
restricted due to the lack of randomized prospective studies in
the analysis.

Recently, two prospective studies assessing the effects of DNS
in adults have been published [10,11], yet their primary
outcomes focused on myocardial protection indirectly or on
biochemical data (ie, electrical activity, need for ventricular
defibrillation after the release of the aortic cross-clamp, and
troponin evolution after surgery). Light has yet to be shed on
the clinical advantages of DNS in adult patients, including older
patients and those with a history of ventricular dysfunction.

Aim of the Study
The aim of this study is to establish the benefits of DNS in
clinical and biochemical terms regarding myocardial protection
during adult cardiac surgery.

Methods

Study Setting
The study was planned according to the updated Consolidated
Standards of Reporting Trials (CONSORT) statement, the
Declaration of Helsinki, and the Guidelines of Good Clinical
Practice issued, as required, by Spanish regulatory authorities.
This study will be conducted at one center, the Puerta de Hierro
Majadahonda University Hospital.

Trial Design
This study is designed as a single-center, double-blind,
controlled clinical trial. Participants will be randomized into a
group receiving del Nido cardioplegia (intervention group) or
a group receiving Cardi-Braun cold blood cardioplegia (control
group; Figure 1). We will conduct a superiority analysis.
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Figure 1. CONSORT flow diagram.

Eligibility Criteria for Participants
All patients over the age of 18 years who are scheduled for
cardiac surgery may be eligible to participate in the study. The

inclusion and exclusion criteria are explained in detail in
Textbox 1 below.

Textbox 1. Inclusion and exclusion criteria for study participants.

Inclusion criteria

• Patients over the age of 18 years

• Patients undergoing elective cardiac surgery with cardiopulmonary bypass

Exclusion criteria

• Patients who do not consent to participate in the study

• Patients with a documented allergy to amide-type local anesthetics

• Patients undergoing emergent surgery

• Unstable patients who require pharmacological inotropic support; mechanical circulatory support, such as intra-aortic balloon counterpulsation
(IABC) or extracorporeal membrane oxygenation (ECMO); or preoperative intubation

• Patients undergoing mitral valve replacement surgery using the Heartport technique

Study Procedures and Interventions
Within the control group, blood cardioplegia will be
administered by means of a cold induction dose at 4-8 °C and
a maintenance dose administered every 20 minutes. It will be
dispensed via the anterograde or retrograde approach according
to the protocol of the center.

Within the intervention group, del Nido cardioplegia will be
administered according to the usual practice in a single dose of
1000 cc via the anterograde or retrograde approach according

to the protocol of the center. Additional doses (550 mL) will
be administered when spontaneous electrical activity appears
or, in the case of periods of ischemia, longer than 90 minutes.
Common clinical practice will not be modified in the remaining
perioperative aspects.

Outcome Measures
The main variables of the study will be the composite clinical
variable acute cardiovascular event and the biochemical variable
maximum postoperative troponin value.
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The acute cardiovascular event variable will consist of one or
several of the following events:

1. Early perioperative myocardial infarction: occurring during
the first 72 hours after surgery and defined according to the
criteria of the Task Force of the European Society of
Cardiology, the American Heart Association, and the World
Heart Federation.

2. Prolonged low cardiac output: defined as the need to
maintain support with two or more inotropic and/or other
circulatory mechanical assistance devices—intra-aortic
balloon counterpulsation (IABC) or extracorporeal
membrane oxygenation (ECMO)—beyond the first 24
postoperative hours.

3. Appearance of ventricular arrhythmias: ventricular
tachycardia (VT) and ventricular fibrillation (VF) requiring
electrical cardioversion in the first 24 postoperative hours.

To analyze the effect of cardioplegia on myocardial protection
at a biochemical level, the level of troponins will be monitored
upon arrival at the ICU and during the first 48 hours. Likewise,
the maximum troponin peak will be collected during the first
48 postoperative hours.

Other secondary variables of efficacy and safety will be
analyzed. Among the intraoperative variables, surgical times
(ie, ischemia time and cardiopulmonary bypass times), the
volume of cardioplegia solution administered and its route of
administration, temperature, average blood pressure, and
maximum blood glucose values, as well as the need for electrical
cardioversion after aortic cross-clamp release, will be monitored.

Among the postoperative variables, the occurrence of atrial
fibrillation will be registered, as well as the requirement for
inotropic and mechanical pharmacological support, time to
withdrawal, and the occurrence of clinical complications (ie,
deterioration of ventricular function upon hospital discharge,
surgical reintervention, prolonged mechanical ventilation, acute
kidney injury, infectious complications, convulsive activity, or
stroke). The need for ICU readmission, ICU and hospital length
of stay, and mortality will also be noted.

Subgroup analyses will be carried out in four populations:
elderly patients (over 80 years), patients undergoing prolonged
cardiopulmonary bypass (longer than 120 minutes), patients
with low ventricular ejection fraction (less than 30%), and
patients subjected to coronary artery bypass grafting.

Participant Timeline
Follow-up will be carried out from the beginning of the
randomization until the participant is discharged. The variables
will be collected in the operating room postoperatively; variable
collection will occur at a higher frequency within the first 48
hours.

The research team will monitor the possible adverse events,
including the time of occurrence, duration, intensity, course,
and outcome, in order to make an assessment of the causal
relationship between the adverse event and the drug.

Statistical Analyses

Sample Size Calculation
The literature reviewed reflects a need for postoperative
inotropic vasoactive support ranging from 35% to 40%. In the
sample size calculation, we propose that better myocardial
protection will be reflected in a lower need for electrical
cardioversion, lower pharmacological inotropic or mechanical
support, and a lower incidence of myocardial infarction.

For a hypothetical reduction of inotropic support within the first
24 postoperative hours from 38% to 25%, with an α risk of 5%,
at a statistical power of 80% (β=.20), by bilateral test with
application of the Fleiss correction factor, and estimating losses
of 10%, 474 participants distributed into two groups will be
necessary.

Participants will be assigned to groups by simple randomization
of the sample, obtaining a computer sequence by Stata 16
(StataCorp). The computer distribution will assign 234
participants to the intervention group (DNS) and 240 participants
to the control group (blood cardioplegia). When patients arrive
at the theater, perfusionists will enroll participants.

Analyses
A description of the data from each group of the study and the
total sample will be carried out. The properties of the original
variables will be defined, and the aforementioned composite
variables will be created. The main variable—prolonged low
cardiac output syndrome—will be created from the following
original variables: presence of two or more inotropic agents at
24 hours of admission, mechanical support with IABC, and/or
mechanical support with ECMO or other ventricular assistance.
The main composite variable—acute cardiovascular event—will
be created from the following variables: perioperative
myocardial infarction, prolonged low cardiac output syndrome,
prolonged vasoplegia, and/or VT or VF episodes in the first 24
hours.

The quantitative variables shall be described through the mean
(SD), median (IQR), 95% CI, and minimum and maximum
values. Qualitative variables shall be presented as relative and
absolute frequencies. To ensure the uniformity of the groups,
a detailed analysis will be made by evaluating the association
using the Pearson correlation coefficient and the P value by
means of the Student-Fisher t test; correction for unequal
variances for the quantitative variables, and the association with
the odds ratio and the P value, will be obtained with chi-square
tests for the categorical variables.

The raw effect of each type of cardioplegia on the acute
cardiovascular event will be estimated using a logistic regression
model.

Two populations will be defined through intention-to-treat
analysis and by biological efficacy. The first population will
include all the initially randomized subjects, including all those
who leave the study due to noncompliance. The second
population will include all those subjects who complete the
study within the same group in which they were randomized.
An intermediate safety analysis will be performed when
approximately 50% of patients have been randomized.
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Monitoring and Quality Assurance
The clinical trial is defined as a low intervention–level trial,
due to the fact that the cardioplegia solutions used are already
approved and used in accordance with the terms of the marketing
authorization; as well, the solutions are extensively backed up
by published scientific evidence on their safety and efficacy
(Royal Decree 1090/2015).

The confidentiality of the identity of the volunteers will be
respected if the data obtained in this study are published.
Subjects’data included in the study will be treated in accordance
with Organic Law 15/1999, December 13, on the Protection of
Personal Data.

Ethics Approval and Consent to Participate
This study has been registered in the European Union Drug
Regulating Authorities Clinical Trials Database (EudraCT) (No.
2017-005144-14) and at ClinicalTrials.gov (No. NCT04094168).
The study protocol has been approved by the Ethics Committee
of Puerta de Hierro Majadahonda University Hospital and was
approved by the Spanish Medicines and Health Products Agency
(AEMPS).

This clinical trial will be carried out under conditions of respect
for the fundamental rights of the person and the ethical
principles that affect biomedical research with human beings,
as well as in accordance with international recommendations
contained in the Declaration of Helsinki and its subsequent
revisions. Likewise, national recommendations will be followed
in accordance with the guidelines of the AEMPS.

Participants will receive information, both orally and in writing,
regarding the manner in which the study will be carried out, the
study aims, possible risks that may arise from the study, and
the rules that must be observed during the follow-up period. If
the patient fulfils the inclusion criteria and agrees to participate
in the study, she or he will provide written informed consent;
providing consent will not prevent the patient from withdrawing
such consent and abandoning the study at any time and for any
reason.

Availability of Data and Materials
The datasets used and/or analyzed during the study will be
available from the corresponding author upon reasonable
request.

Results

The inclusion process started in 2018. Data cleaning and
analyses are expected to take place in the fall of 2020 and the
results are expected in January 2021.

Discussion

Overview
This study is expected to expand knowledge of DNS in adult
cardiac surgery. DNS is assumed to be beneficial in terms of
myocardial protection, and it is expected to corroborate a

reduction in VF after declamping the aorta and in the number
of defibrillations. Also, it is presumed to result in a reduction
in postoperative troponin levels and inotropic support for low
cardiac output syndrome. Although it is not the main objective
of the study, the trial will provide information regarding the
benefits of DNS in high-risk subpopulations, such as elderly
patients and those with longer periods of cross-clamping or low
ventricular ejection fraction.

This study is particularly relevant as it will be the first to analyze
the clinical effects of del Nido cardioplegia on the basis of direct
myocardial protection parameters. Although the meta-analysis
published in 2017 highlighted some clinical benefits in favor
of del Nido cardioplegia, there was a fundamental limitation,
which is that data collection was based on retrospective studies.

Further published prospective studies also failed to focus their
primary objectives on the analysis of the possible clinical effects
of del Nido cardioplegia. Ad et al analyzed the postoperative
troponin peak and the need for electrical cardioversion after
aortic cross-clamp release in a population of 89 patients; in
addition to its small sample size, this study excluded high-risk
patients over 80 years of age, and the data showed short aortic
clamp times [10].

Sanetra et al analyzed troponin peak and electrical activity after
aortic cross-clamp release in a population of 150 patients
undergoing aortic valve replacement. All clinical outcomes
detailed in the study were part of the secondary objectives.
Likewise, they excluded from their analysis reoperated patients
with ejection fractions under 30% or with coronary artery
disease susceptible to percutaneous interventionism or surgery
[11].

In light of the above studies, carrying out prospective studies
based on primary clinical objectives with a larger sample,
high-risk patients, and longer cardiopulmonary bypass times
continues to be necessary [12]. We believe that our study
addresses an important gap in the knowledge of del Nido
cardioplegia in adult patient cardiac surgery and will be able to
clarify the possible benefits of this method in a large population
of patients undergoing these procedures.

Strengths and Limitations of This Study
This clinical trial has several strengths. The calculated sample
size is large and includes elderly patients with a history of
ventricular dysfunction. It does not exclude complex procedures
that may involve longer cardiopulmonary bypass times.

The trial also has some limitations. Although surgical procedures
will be performed by different surgeons, the single-center design
may generate external validation problems. The exclusion of
emergent interventions and of patients with preoperative
vasoactive support also limits extrapolation of results to unstable
patients.

In developing the methodology, we have aimed to reduce bias
as much as possible. The compilation of other myocardial
protection variables has been fundamental in addressing bias.
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VF: ventricular fibrillation
VT: ventricular tachycardia
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Abstract

Background: Shared decision making is particularly important in situations with different treatment alternatives. For the
treatment of idiopathic Parkinson disease, both pharmacological and surgical approaches can be applied.

Objective: In this research project, a series of studies will be conducted to investigate how decision aids for patients with
idiopathic Parkinson disease should be designed in order to support the decision-making process.

Methods: In Study 1a, qualitative interviews will be conducted to determine which needs frequently occur for patients with
idiopathic Parkinson disease. In Study 1b, the identified needs will then be rated for personal relevance by an independent group
of patients in an online survey. In Study 2, a randomized controlled trial will be used to pretest different decision aids in a sample
group of people who do not have a medical background and who do not have Parkinson disease. In Study 3, a randomized
controlled trial will be used to investigate the effect of the decision aids that had been evaluated as positive in Study 2 with patients
who have idiopathic Parkinson disease.

Results: This series of studies received ethical approval in January 2020. As of June 2020, data collection for Study 1a has
started, and it is estimated that Studies 1a, 1b, 2, and 3 will take approximately 4, 4, 6, and 6 months to complete, respectively.
It is planned to present the results and analyses at international conferences and to submit the results to peer-reviewed journals
for publication, once the studies have been completed. The findings will also be shared with clinicians and patients through
presentations at information events.

Conclusions: This series of studies is intended to result in an evidence-based decision aid for patients with idiopathic Parkinson
disease in order to support the informed and reflected shared decision-making process. We further intend to contribute to a deeper
understanding of the individual preferences of patients with idiopathic Parkinson disease and the impact of those preferences on
treatment decisions.

(JMIR Res Protoc 2020;9(7):e17482)   doi:10.2196/17482
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decision aids; Parkinson disease; interview study; online survey; randomized controlled trial; patients
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Introduction

Background
Shared decision making has become increasingly common in
the context of medical consultations [1-3]. While in any medical
consultation it is useful and ethically necessary to inform and
educate a patient thoroughly, participatory decisions are
particularly appropriate in situations where different alternatives
need to be considered and for which no one treatment is superior
to the others. In these situations, a preference-sensitive decision
should be made based on the personal circumstances and
individual preferences of the patient [4-6]. Research indicates
that patient participation in the medical decision-making process
has positive effects. A meta-analysis [7] with a total of 105
studies showed that shared decision making led to increased
knowledge, higher confidence in decisions, and more active
patient participation. Studies [7,8] found that the use of shared
decision making could reduce health care system costs, because
patients often chose less invasive (and therefore, less expensive)
treatment options. In addition, most patients would like to be
more involved in the medical decision-making process [9]. But,
despite these promising findings, shared decision making has
not yet been sufficiently implemented in clinical practice
[10,11]. The Revised Program Theory for shared decision
making [12] identified relevant factors influencing engagement
in shared decision making. The authors of that paper [12]
explicitly foster future research using this theory and examining
additional key mechanisms of shared decision making. Based
on these theoretical considerations, herein we will examine the
influence of health care system support through decision aids.

Treatment of Parkinson Disease
For the treatment of idiopathic Parkinson disease, both
pharmacological and surgical methods can be used. The 2016
Leitlinien für Diagnostik und Therapie in der
Neurologie–Idiopathisches Parkinsonsyndrom(Guidelines for
Diagnosis and Therapy in Neurology–Idiopathic Parkinson
Disease) of the Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften (Association of the Scientific
Medical Societies) and the Deutsche Gesellschaft für Neurologie
(German Society of Neurology) [13] recommended offering
subthalamic nucleus–deep brain stimulation to patients with a
confirmed diagnosis of idiopathic Parkinson disease who,
despite best medical treatments, have motor fluctuations and
dyskinesia that cannot be treated with medication, or tremor
that cannot be controlled with medication (recommendation 47
in [13]). In addition, deep brain stimulation of the subthalamic
nucleus can be offered to patients 60 years of age or younger
with confirmed idiopathic Parkinson disease in the first three
years after the onset of motor fluctuations or dyskinesia
(recommendation 48 in [13]).

Furthermore, it was emphasized that when data suggest deep
brain stimulation rather than best medical treatment, surgical
treatment should remain an individual decision as long as
medical alternatives exist [13]—even if the outcome of drug
treatment may be worse than that of subthalamic nucleus–deep
brain stimulation in such cases. Nevertheless, since subthalamic
nucleus-deep brain stimulation may be more effective than

pharmacological treatment, this surgical alternative should be
discussed with the patient. When deciding between subthalamic
nucleus–deep brain stimulation or drug therapy, patients should
be involved in the decision-making process in order to be able
to make a preference-sensitive decision with the physician
(recommendation 66 in [13]).

Shared Decision Making
Doctors in clinical practice often have too little time for lengthy
conversations and tend to overestimate the understanding and
health literacy of patients [14,15]. Low health literacy of patients
with idiopathic Parkinson disease has been shown to correlate
with an increased risk of hospitalization [16]. A meta-analysis
showed that the perception of traditional role models, in which
doctors are the experts whose instructions are followed,
represents a barrier for many patients to actively participating
in the decision-making process [17]. One way to deal with this
barrier is to use decision aids. They are often used to provide
information about illnesses and treatment options and have
shown their value in various medical fields [18,19]. Decision
guidance is an opportunity to support both patient education
and informed decision-making in cooperation with attending
physicians and therapists. It is explicitly emphasized that
decision aids should not claim to replace patient to doctor direct
contact or conversations. Rather, they should be viewed as a
supplement that makes it easier to take individual needs into
account. The guidelines [13] also recommended that patients
with idiopathic Parkinson disease should be provided with
individually adapted need-based enhanced communication
throughout the course of their disease (recommendation 67 in
[13]). According to the Revised Program Theory [12] of shared
decision making, giving patients support for shared decision
making (for example, by means of a well-designed decision
aid) may result in higher confidence in their decision-making
abilities and in stronger engagement in shared decision making.
Studies [20-22] showed that many patients with Parkinson
disease want to play a more active role in treatment decisions
[20]. As one study [21] that interviewed patients with Parkinson
disease showed, patients often had to take the initiative
themselves to be referred to a deep brain stimulation center.
Only 10% to 15% of patients for whom deep brain stimulation
might be considered a suitable therapy option were, in fact,
referred to specialist centers. This finding can be attributed,
among other reasons, to insufficient information on the part of
patients and neurologists alike [22].

Decision Aids
There are many ways to support patients in their
decision-making process and to inform them about the disease
and its possible treatment alternatives. Experience reports (ie,
narratives) from other patients are an important source of
information in addition to exchanges with medical specialists.
Patients exchange information about their situation with other
people and use the internet in their search for medical
information often finding testimonials from other patients [23].
Patient reports are also often integrated into decision-making
aids. The use of narratives in decision aids is critically discussed
in the literature [24-26]. Narratives have the advantage that they
are vivid, easy to understand, and not too abstract, which can
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make it easier for patients to process and remember the
information conveyed [24,27]; therefore, this format appears to
be particularly suitable for patients with idiopathic Parkinson
disease, as their cognitive abilities may also be limited. Entwistle
et al [28] concluded, in a qualitative interview study, that the
personal experiences of others combined with the imparting of
factual knowledge can be very helpful for decision making. The
patients who were interviewed stated that the reports helped
them to better imagine the different options, to become clear
about what was important to them personally, and to handle
their negative emotions; however, narratives can also have the
disadvantage of encouraging the activation of heuristics and
generating additional emotions, which can lead to a distorted
perception of the information given [25]. In a study [29] with
a focus on persuasion, it was found that information mediation
with narratives, when compared with scientific information
mediation, led to more knowledge gained, more emotions, and
stronger persuasion. Narratives also partly influenced the
decisions of people who do not have a medical background [30].
In preference-sensitive decision situations, where the needs of
the patient should be a key factor in the decision, the persuasive
effect of decision support would be considered problematic.
The decision-making process of patients should be supported
in the preference-sensitive situations that occur in patients with
idiopathic Parkinson disease, without convincing them of any
one of the possible treatment options. According to the Expected
Utility Theory [31,32], it is easier for patients to engage in
shared decision making if outcome probabilities of a given
treatment are presented. But in preference-sensitive situations,
no treatment is superior to the other. As a result, decision
difficulty in these situations would be perceived as rather high
[12]. The question arises as to whether it makes sense in this
situation to report clinical outcomes at all, or whether it is more
useful to provide information about possible personal motives
and preferences. Decision aids and narratives can be designed
very differently and can exert various positive or negative
influences on decision making as a result of their design. It is
important to understand how decision aids should be designed
to help patients take their knowledge, their personal preferences,
and their needs into account when making decisions, without
pushing them in any specific direction.

Goals of the Research Project
In this research project, a series of studies will be conducted to
investigate how decision aids for patients with idiopathic
Parkinson disease should be designed in order to support the
decision-making process. The goal is to support patients in
taking their individual preferences into account when making
a decision and to make them feel confident with their decision.
We will use a participatory design process for the development
of the decision aid [33]. Feedback and ideas for improvement
will be requested from health care professionals before the
prototype is used in the studies.

It is an open question whether the presentation of possible
preferences has a positive influence on the decision-making
process. In addition, it has not yet been clarified whether patient
narratives can strengthen patient decisions in difficult decision
situations. Moreover, we will act on the suggestion of the
Revised Program Theory and examine additional key

mechanisms of shared decision making. We aim to compare
the impact of presenting motives that affect a decision with the
impact of presenting treatment outcomes.

In Study 1a, qualitative interviews will be conducted to
determine which needs frequently occur for patients with
idiopathic Parkinson disease. In Study 1b, the identified needs
will then be assessed for personal relevance by other patients
in an online survey. In Study 2, a randomized controlled trial
will be used to pretest different decision aids with people who
do not have a medical background and who do not have
Parkinson disease. In Study 3, a randomized controlled trial
will be used to investigate the effect of the decision aids that
were evaluated as positive in Study 2 in patients with idiopathic
Parkinson disease.

Methods

Ethical Approval
These proposed studies have been reviewed and approved by
the ethics committee of the Faculty of Medicine of the Eberhard
Karls University Tübingen.

Studies 1a and 1b: Expectations and Wishes Regarding
Medical Treatment Options for Parkinson

Study Design
A qualitative interview study (Study 1a) with 6 patients with
idiopathic Parkinson disease will identify the common needs,
expectations, wishes, and preferences that play a role in the
decision to opt for drug-only treatment over deep brain
stimulation. Patients with idiopathic Parkinson disease who
qualify for deep brain stimulation treatment according to
recommendations 47 and 48 in [13] will be invited to a screening
week as part of regular clinical care.

During this 1-week inpatient stay, the medical, cognitive, and
psychological condition of patients will be examined in
preparation for potential deep brain stimulation surgery. From
a certain date onward, all patients who meet the inclusion criteria
(see below) will be asked by the treating physician whether they
agree to participate in a qualitative interview. A
semistandardized interview lasting approximately 30 minutes
will be conducted with those who agree to participate in order
to identify the personal needs, hopes, fears, and expectations
associated with drug treatment and deep brain stimulation
treatment options. In an online survey study (Study 1b), a
different group of patients with idiopathic Parkinson disease
will rate the needs, hopes, fears, and expectations that were
identified in Study 1a according to personal relevance. Patients
with idiopathic Parkinson disease who are at different stages of
their disease will be recruited for Study 1b. Patient assessment
of their stage and burden of the disease will be measured using
a validated questionnaire (Parkinson Disease Questionnaire,
PDQ-39) [34].

Participants
In order to achieve a representative rating, a total of 60 patients
will be recruited for the online survey study (Study 1b).
Recruitment will be carried out with the support of the
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specialized outpatient units of the University Hospital Tübingen,
neurologists in private practice, and self-help groups for patients
with idiopathic Parkinson disease. Patients will be included if
they have been diagnosed with Parkinson disease, have had
Parkinson disease for at least 5 years, are between 18 and 80
years of age; have taken prescribed dopaminergic medication
consistently for at least two weeks before inclusion in the study;

have a very good knowledge of German, and have signed a
written declaration of consent. Patients will be excluded if they
have been diagnosed with dementia.

Study 1a: Interview Guide
During the interview, each area will be introduced with an open
question (Textbox 1). Further questions will follow only if the
answer is unclear or the question has not been answered.

Textbox 1. Open-ended questions and topics for semistructured interview.

Satisfaction with the current situation

• How satisfied are you with the current situation? (scaling question: 0 = very dissatisfied, 100 = very satisfied)

• What should remain the same?

• What should change?

Other: mobility and motor skills, faculty of speech, sleep, memory and concentration ability, previous treatment, general state of health, execution of
profession and hobbies, participation in social life

Reasons and expectations

• What are your main reasons for deep brain stimulation?

• What are your main reasons for a purely pharmacological therapy?

• What are other reasons?

• What should change?

• How would you know if the decision was good?

• In which area (eg, work, social life, hobbies) do you hope to have a positive influence?

• What are your plans for the time after the deep brain stimulation/drug changeover?

• What positive expectations/worries do you associate with a deep brain stimulation/drug changeover regarding your social environment, your
self-reliance, your well-being?

Study 1b: Questionnaire
The needs, wishes, and worries that are identified in Study 1a
will be evaluated in Study 1b. Patients who wish to participate
will also have to confirm that they are currently in the process
of deciding between further treatment with medication or deep
brain stimulation. The questionnaire will initially present
questions pertaining to inclusion and exclusion criteria, and if
their responses indicate they are eligible, questions about
personal needs, wishes, and worries will be provided.

A maximum of 20 statements such as (the following are example
items only) “I hope to be able to maintain more personal contacts
through a successful treatment”, “It is important to me that the
treatment has as few side effects as possible,” and “I hope that
the treatment will improve my independence” will be evaluated.
In addition, participant knowledge about treatment options will
be evaluated with maximum of 20 statements or questions such
as (the following are example items only) “The danger that deep
brain stimulation can lead to psychological impairment is very
high” and “The danger that a purely pharmacological treatment
can lead to psychological impairment is very high” where
participants will indicate whether the statements are true or false
and how confident they are in their answers:. Since patients
with idiopathic Parkinson disease may display neuropsychiatric
symptoms, such as apathy or emotional instability, the German
version of the Apathy Evaluation Scale [35] and a German

version of a short-scale for assessing the personality traits in
the five-factor model (big five) [36] will be administered.

Study 2: Effects of Decision Aids on the
Decision-Making Process (People With Nonmedical
Background)

Study Design
Based on the patient preferences identified in Study 1, online
decision aids will be designed in close collaboration with health
professionals. We will use a participatory design process to
increase the later acceptance and use of the decision aids, and
thus, facilitate the implementation process in clinical practice.
The impact of the decision aids on the decision-making process
will be investigated in a randomized controlled trial with a 1×3
between-subject design with the following 3 groups: condition
1, decision aid with factual information (control); condition 2,
decision aid with factual information and patient reports on the
individual motives underlying the decision-making process;
and condition 3, decision aid with factual information and
patient reports on the outcomes achieved through the treatment
option.

In condition 3, positive and negative outcomes will be presented
according to the actual success rate of the treatment options,
that is, both successful and less successful treatment outcomes
will be shown for both treatment options. The information
provided to the participants regarding the success rates of the
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treatment options will be based upon existing literature in line
with institutional history.

We hypothesize that the conditions containing patient reports
on motives or outcomes will have a beneficial effect compared
to the condition with only factual information; participants to
whom decision aids with patient reports are presented will feel
better prepared for decision making (Hypothesis 1) and will
evaluate the decision more positively (Hypothesis 2). It is an
open research question whether the two conditions with patient
reports on individual motives and patient reports on outcomes
will also differ with respect to preparation for decision making
and decision evaluation.

In addition, this study will be used to evaluate and refine the
factual information part of the decision aid. Participant
knowledge about treatment options will be evaluated pre and
posttest to identify which facts are difficult to understand (and
which, perhaps, even result in misunderstandings or irrational
fears). This information will influence the design of the factual
information and will be re-evaluated in the subsequent study
(Study 3).

Participants
Healthy individuals who are neither active in the medical field
nor studying a medical subject will be recruited via the Leibniz
Institut für Wissensmedien database of test subjects and the
University of Tübingen email distribution list, where individuals
who are not studying medical-related subjects can be
preidentified. Participants at least 18 years old, not affected by
Parkinson disease, and with a very good knowledge of German
will be eligible for inclusion.

Since only medium to large effect sizes are relevant for our
purposes, a sample size of 37 participants per condition will be
targeted. The sample size was determined using G*Power [37]
and is based on an alpha error probability of .05, a test power
of .90, and an expected effect size of f=0.30 for an analysis of
variance with repeated measurements and between-subject
factors.

Procedure
After basic demographic data (age, gender, education) and
individual prior experiences with Parkinson disease have been
collected, the study participants will be asked to put themselves
in the position of a patient with idiopathic Parkinson disease
with the help of a case description. The following dependent
variables will be measured as target variables before and after

the use of the decision support: decisional conflict [38];
hypothetical decision (which treatment option would be
preferred); attitude toward both treatment options (modified
according to [39]); and knowledge about risks and side effects
of treatment options, mode of action of treatment options, and
possible advantages and disadvantages of treatment options.

Subsequently, participants will be randomly assigned
(computer-generated assignments) to the 3 conditions. Based
on the results of Study 1a and Study 1b, a text- and video-based
decision aid will be designed with a maximum reception time
of 15 minutes.

In addition, the following are to be completed after the decision
aid has been used: preparation for decision making (based on
[40]); evaluation of the preferences or motives identified in
Study 1 with regard to the importance for the decision made,
decision evaluation scale [41]; reflection on one’s own reasons
for the decision; suggestions for improvement (open answer
format), and the knowledge test.

Measures
A pre-existing decisional conflict questionnaire will be used
[38]. Participants will be asked, “How sure are you about your
decision for surgical or non-surgical treatment?” and will reply
to three statements using a 7-point Likert scale for each: “It's
hard for me to make that decision”; “I'm not sure how to act on
this decision”; “It's clear which choice is best for me.” They
will also be asked “How do you feel about this decision?” and
reply to 4 statements using a 7-point Likert scale: “I feel like I
made an informed decision”; “My decision shows what is most
important to me”; “I expect to stick to my decision”; “I'm
satisfied with my decision.” Attitude toward both treatment
options will be measured with a 4-item scale (modified
following [39]; Figure 1). The knowledge test will be based on
the results of Study 1b. The aim will be to provide information
on any existing misconceptions or false information regarding
the treatment options for Parkinson disease and to test the
efficacy of the information provided (a maximum of 10 items).
The postintervention preparation for decision making scale is
based on [40] (Figure 2). The numerical scale has treatment
options ranging from deep brain stimulation on one end of the
scale to pure drug therapy on the other end. A decisional conflict
questionnaire [38], ratings of feelings about the decision, ratings
of attitude toward both treatment options [39], and the decision
evaluation scale [41] (Figure 3) will be used.
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Figure 1. Attitude toward treatment options.

Figure 2. Preparation for decision making scale.
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Figure 3. Decision evaluation scale.

A maximum of 16 items will be used to evaluate the preferences
and motives that were identified in Study 1 with regard to the
importance for the decision made such as (the following items
are example items only since the items are not yet known):
“Please rate the extent to which you agree with the following
statements. There is no right or wrong answer. We are only
interested in your personal opinion and assessment.”; “The very
small, but existing danger of an irreversible side effect (eg, by
a brain hemorrhage) with the deep brain stimulation, influenced
my decision strongly.”; “The hope for improvement of my
independence in everyday life, through deep brain stimulation,
has strongly influenced my decision.”; “The concern about
psychological impairment (eg, psychosis, states of confusion)
in a pure drug treatment had a strong influence on my decision.”

Analysis
Data analysis will be performed using SPSS statistical software
(version 25; IBM Corp) . We will perform an analysis of
variance with posthoc tests (for interval-scaled data) and
Mann-Whitney tests (for ordinal-scaled data). We will report

all data as means and standard deviations (for interval-scaled
data) and the median (for ordinal-scaled data). The level of
significance will be set at P<.05. Cohen d and r will be
calculated as effect sizes.

Study 3: Effects of Decision Aids on the
Decision-Making Process (Patients With Parkinson
Syndrome)

Study Design
Based on the decision aids examined in Study 2, the most
suitable format for a preference-sensitive decision will be
selected and its efficacy will be compared with that of the use
of pure factual information. If the need for further modifications
of the decision aids becomes apparent in Study 2, we will
implement the modifications in collaboration with health
professionals. All of the participating patients will be given the
opportunity to use the information material of the other condition
immediately after the data collection. This ensures that none of
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the study participants will have any disadvantages, despite the
randomized between-subject design.

Participants
Recruitment will be carried out with the support of the special
outpatient units of the University Hospital Tübingen,
neurologists in private practices, and Parkinson self-help groups.
The same inclusion and exclusion criteria used in Studies 1a
and 1b will be used for Study 3. Since, in this case, only medium
to large effect strengths (d=.70) have clinical relevance, a sample
size of 36 participants per condition will be targeted.

Procedure
Basic demographic data (age, sex, education) and the individual
perception of the limitations caused by the disease will be
collected with the PDQ-39 [34]. Participants will be asked to
complete the following questionnaires before and after the use
of the decision support: decisional conflict [38]; hypothetical
decision (“which treatment option would you probably choose
in this situation?”); attitude toward both treatment options
(modified following [39]); study-designed knowledge test on
risks and side effects of treatment options, mode of action of
treatment options, possible advantages and disadvantages of
treatment options questionnaires will be used. In addition, the
following will be completed after the decision aid has been
used: preparation for decision making (based on [40]);
evaluation of the preferences and motives identified in Study 1
with regard to the importance for the decision made; decision
evaluation scale (based on [41]; reflection on one’s own reasons
for the decision; suggestions for improvement (open answer
format).

Measures
Personal assessment of the current stage and burden of the
disease will be measured using the validated questionnaire
PDQ-39 [28]. Moreover, the German version of the Apathy
Evaluation Scale [35] and the German version of the short-scale
for assessing the personality traits in the five-factor model (big
five) [36] will be used. In addition, all of the scales in Study 2
will be used. Differences will be only in the introduction to the
topic (in Study 3 the participants are patients who are actually
affected) and the study design. At the end of the study, the
participants will also be given the opportunity to use the
information material of the other condition.

Analysis
Data analysis will be performed using SPSS statistical software
(version 25.0; IBM Corp). We will perform t tests (for
interval-scaled data) and Mann-Whitney tests (for ordinal-scaled
data). We will report all data as means and standard deviations
(for interval-scaled data) and as the median (for ordinal-scaled
data). The level of significance will be set at P<.05. Cohen d
and r will be calculated as effect sizes.

Data Protection
Personal data will be collected and processed in these studies.
For the patients diagnosed with idiopathic Parkinson disease
(Studies 1 and 3) the data include their name, sex, age, duration
of the disease, other diagnoses, and personal experiences with
the disease. In the case of patients, disease data from medical

documents (regarding diagnoses and duration of disease) will
also be included in the evaluation if necessary. For the medical
laypeople (Study 2) the data will include sex, age, and personal
experiences with Parkinson disease.

Data will be pseudonymized in a protected electronic database
accessible only to authorized staff members, who are bound by
professional and data secrecy obligations. In order to verify the
correct transfer of the treatment data from the medical file to
the encrypted study database, authorized people may inspect
the personal disease data related to the study. All employees
are bound to secrecy.

The research results from the studies will be published in
anonymized form in scientific journals or databases. For the
collection, storage, and use of the data, the consent of the
participants is required and will be obtained by having them
sign the declaration of consent to data protection.

Results

This study received ethical approval in January 2020. As of
June 2020, data collection for Study 1a has begun, and it is
estimated that Studies 1a, 1b, 2, and 3 will take approximately
4, 4, 6, and 6 months to complete, respectively. It is planned to
present the study results and analyses at international
conferences and to submit them to peer-reviewed journals. The
study results will additionally be shared with clinicians and
patients by presenting them at information events.

Discussion

This series of studies is intended to shed light on how an
evidence-based decision aid for patients with idiopathic
Parkinson disease should be designed, in order to facilitate an
informed and reflected shared decision-making process.
Moreover, the series of studies seeks to contribute to a deeper
understanding of individual preferences of patients with
idiopathic Parkinson disease and the impact of those preferences
on treatment decisions. It is idiosyncratic that the
decision-process for patients with idiopathic Parkinson disease
may take a relatively long period of time (possibly several
years). Idiopathic Parkinson disease is a slowly progressing
neurodegenerative disease that makes it possible to protract any
final decision through a series of continuous re-evaluations of
the patients’ current status and reassessments of their quality
of life. During this prolonged decision period, evidence and
preferences may develop gradually.

The outcomes from this series of studies will provide valuable
new insights into the potential of decision aids for supporting
a reflective and informed decision about idiopathic Parkinson
disease treatment, and the studies will also help to discover
barriers to making an informed decision. The findings would
be directly applicable to clinical situations such as (1) results
about what kind of information is especially misleading can
help physicians and therapists to focus on these aspects in their
consultations; (2) knowledge about common patient needs,
wishes, and fears can help to tailor the given information to
individuals, and (3) if the decision aids have been shown to
support shared decision making, physicians can use the tools
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as additional support for patients. In this case, the information
could potentially be provided before medical consultation as
preparation. Physicians could then use the consultation time to
respond specifically to patient questions and concerns. It is open
for discussion whether the findings of this series of studies could
be generalized to other fields and contribute to theory with
regard to decision situations where empirical evidence (eg,
potential superiority of an invasive therapy) and personal
preferences (eg, avoidance of surgical intervention) contradict
each other.

The strengths of this series of studies are the combination of
research methods (qualitative and quantitative methods), the
combination of study settings (field and laboratory studies), the
adherence to the Revised Program Theory of shared decision
making, and the combination of study populations (patients and
healthy participants). These strengths will help to produce a
broad and more complete view of decision aids for patients with

idiopathic Parkinson disease as well as a deeper insight into
principal underlying processes of decision-making.

There are limitations to our studies. One issue is that the
significance of any potential findings is restricted to patients
who suffer from idiopathic Parkinson disease and have not been
diagnosed with dementia. Since the decision aids will target
this population, the findings will not be generalizable for patients
with other diagnoses. Our studies will aim to explore the
presentation of motives and outcomes regarding shared decision
making for patients with idiopathic Parkinson disease, so we
will not be able to make recommendations on how to design
and implement other decision support systems in different
contexts. Nevertheless, the fine-grained participatory procedure
applied here for the design and evaluation of decision aids can
also be used for designing decision aids in other contexts or
systems. An indepth analysis of patient state of knowledge,
needs, wishes, and fears before designing a support system
would streamline the design process.
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Abstract

Background: Hemophilic ankle arthropathy is manifested by degenerative functional alterations and chronic pain. Myofascial
release techniques are used to treat soft tissue adhesions, relieve pain, and reduce tissue sensitivity.

Objective: This study aims to evaluate the safety and efficacy of a protocol using self-myofascial release with a foam roller to
be applied in patients with hemophilic ankle arthropathy.

Methods: Patients with ankle arthropathy (N=70) will be recruited, enrolled, and assigned to one of two groups—experimental
or control—in a 1:1 allocation ratio. Patients will be recruited from 5 centers in different regions of Spain. Patient data will be
collected at baseline, posttreatment, and follow-up. The primary outcome will be frequency of ankle joint bleeding (self-reported).
The secondary outcomes will be ankle range of motion (measured with a digital goniometer); joint pain (measured with a visual
analog scale and an algometer); joint status (measured using the Hemophilia Joint Health Score); muscle strength (measured with
a dynamometer); functionality of lower limbs (measured using the 6-minute walking test); activity (self-reported); and muscle
flexibility (measured using the fingertip-to-floor test). The treatment program includes 11 exercises that must be administered
bilaterally. A mobile app will be developed where each patient will be able to observe the exercises to be carried out. Each session
will last 15 minutes with 5 physiotherapy sessions per week for a period of 3 months. It is expected that patients with hemophilia
who receive the foam roller intervention will show improvement in mobility, pain, and status of the ankle joint; muscle strength;
and function in the lower extremities.

Results: The study has been approved by the institutional review board of the University of Murcia. Patient recruitment will
begin in September 2020, and the intervention period will last until June 2021. Data collection will take place between September
2020 and October 2021.

Conclusions: This protocol describes a randomized clinical trial to examine the safety and efficacy of a self-myofascial release
intervention using a foam roller in patients with hemophilic ankle arthropathy.
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Trial Registration: ClinicalTrials.gov NCT03914287; http://clinicaltrials.gov/ct2/show/NCT03914287.

International Registered Report Identifier (IRRID): PRR1-10.2196/15612

(JMIR Res Protoc 2020;9(7):e15612)   doi:10.2196/15612
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Introduction

Hemophilia is a congenital coagulopathy characterized by a
deficiency of a clotting factor (factor VIII in hemophilia A and
factor IX in hemophilia B). Most clinical manifestations are
musculoskeletal such as bruising and hemarthrosis. The
recurrence of joint bleeding causes degenerative, progressive,
and chronic joint deterioration (hemophiliac arthropathy);
chronic pain; and a deteriorated perception of the patient's
quality of life. Symptoms of hemophilic arthropathy include
limited range of motion, decreased periarticular muscle strength,
decreased proprioception, and chronic pain [1,2].

The ankle joint, a crucial component of locomotion, is one of
the most affected joints (as are the knee and elbow joints) [3],
imposing important functional and proprioceptive limitations.
These limitations are the result of developing intra-articular
alterations such as joint space narrowing, the development of
osteophytes, bone deformities, or axial alterations [4].
Prophylactic treatment has been shown to be highly effective
in the prevention of hemophilic arthropathy [5]; however, many
patients, nevertheless, develop these sequelae as a result of late
initiation of treatment, poor adherence to prophylaxis, or the
development of inhibitors (antibodies to factor VIII or factor
IX concentrates).

The treatment of hemophilic ankle arthropathy includes
pharmacologic and orthopedic interventions with the aim of
improving symptoms in the patient. The administration of
anti-inflammatory and analgesic drugs [6], conducting
synoviorthesis to remove the synovial membrane, and ultimately,
arthrodesis of the ankle joint are the most common treatments
[7].

Physiotherapy can play an extremely important role in the
treatment of hemophilic ankle arthropathy. Manual therapy
techniques [8], therapeutic exercise [9], or electrotherapy [10]
have provided positive results in the control of chronic pain in
patients with hemophilic ankle arthropathy.

The degenerative process, itself, is one of the intrinsic
mechanisms affecting the fascial system, since it favors loss of
elasticity and flexibility, and triggers a process of pathological
cross-linking of collagen fibers. Fascial therapy aims to remove
fascial tissue restriction through mechanical stimuli applied for
3 to 5 minutes in order to promote the piezoelectric effect in
the crystalline matrix of the fascia [11]. The mechanical stimulus
to the fascia (in the form of either pressure or tangential
compression) triggers a secondary conjunctive cellular response
and promotes cellular communication through piezoelectric and
mechanotransduction mechanisms [12]. Although pilot and
cohort studies [13,14] have proven that this technique is safe
in patients with hemophilic arthropathy of the ankle, clinical

studies need to be conducted with a large sample size in order
to confirm that this technique is indeed suitable.

Fascia is the soft tissue component of the connective tissue
matrix that extends through the human body forming a
continuous three-dimensional composite of structural support
throughout the body [15]. Myofascial release is a physiotherapy
technique in which sustained pressure is applied in order to
reduce restrictions of the fascia. Mechanical stimulation favors
the readjustment of collagen fibers and improves the quality of
movement, fluid circulation, and lymphatic drainage [16]. These
changes can help break apart adhesions caused by processes
such as scarring and fibrosis in the body. Myofascial induction
is a manual physiotherapy technique that applies the principles
of biomechanical loading of soft tissue and modification of
neural reflexes through stimulation of the mechanoreceptors in
the fascia to release fascial restrictions and restore healthy tissue
[17].

Self-myofascial release with a foam roller is used to treat fascial
adhesions and to restore the normal extensibility of soft tissues
[18]. Self-myofascial release has similar effects to those
provided by manual fascial release techniques. These benefits
include easing muscle tension and stiffness, reducing pain,
reducing inflammation, alleviating muscle spasms, and
increasing joint mobility. Myofascial release techniques have
been used to treat adhesions of the soft tissue, to relieve pain
and tissue sensitivity, and to reduce edema and inflammation,
while improving muscle recovery [19]. In self-myofascial
release, patients use their own body weight and materials such
as a foam roller to exert pressure on the affected soft tissues
[20,21]. Scientific evidence has shown that these types of tools
help improve the range of motion as well as pre and postexercise
muscle performance [21,22]. The efficacy of these types of
exercises to improve joint mobility has been tested in relation
to improving mobility in knee flexion [20] and relative to
improving ankle joint mobility [23].

The use of foam rollers for myofascial release is based on
findings of postintervention changes to joint range of motion
and pressure pain thresholds which may be due to a mechanical
and neurophysiological responses [24,25]. The direct pressure
of the roller may produce local mechanical and global
neurophysiological effects that relax the tissues and attenuate
pain in the targeted and surrounding area [26]. Local pressure
from the roller may affect the viscoelastic properties of the
myofascia which may be responsible for such changes within
the tissue. Other mechanisms that may be involved include
thixotropy (reduced viscosity when stress is applied), reduced
myofascial restriction (from the breaking apart of physical
adhesions), fluid-related changes (forced fluid displacement
within the tissue), and cellular responses (elicited through
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mechanotransduction from the applied stress within the tissues)
[24]. Researchers have also found that foam-rolling reduces
arterial stiffness, increases arterial tissue perfusion, and improves
vascular endothelial functions related to tissue relaxation [27].

The objective of this paper is to describe our approach to the
design and implementation of a protocol for self-myofascial
release using a foam roller for patients with hemophilic ankle
arthropathy with the aim of reducing the frequency of joint
bleeding; improving range of motion; reducing joint pain; and
restoring functionality, structural integrity, muscle flexibility,
and muscle strength.

Methods

Study Design
This study is designed as a randomized controlled multicenter
clinical trial (ClinicalTrials.gov; NCT03914287) to establish
the safety and efficacy of a physiotherapy intervention consisting
of self-myofascial release using a foam roller. Once eligibility
is determined, participants will be randomized to either the
intervention (experimental) group or the control group.

Clinical Record and Selection Criteria
This study has been approved by the research ethics committee
of the University of Murcia (2428/2019). Patients will be
included if they have been diagnosed with hemophilia A or B,
are 18 years of age or older, have been diagnosed with bilateral
hemophilic arthropathy of the ankle (more than 3 points of joint
damage on the Hemophilia Joint Health Score), and are on
prophylactic or on-demand treatment with factor VIII or factor
IX concentrates.

Patients will be excluded from the study if they are not able to
ambulate; have been found to have inhibitors (antibodies to
factor VIII or factor IX), have neurological or cognitive
alterations that prevent them from understanding the
questionnaires and physical tests, or choose not to give informed
consent (have not signed the statement of informed consent).

Sample Size
The target sample size for inclusion in the study is 70 patients.
The sample size is justified with respect to the prevalence of
patients with congenital coagulopathies; there are 2039 patients
with either hemophilia A and B or von Willebrand disease in
Spain, of which 612 meet the selection criteria for the study
(Spanish Federation of Hemophilia). Based on these data, the
sample size at national level would be 236 individuals, with a
confidence level of 95% and an expected dropout ratio of 15%.
Thus, a sample size of a total of 70 patients from the 5 centers
will be used.

Randomization
Participants will be randomly assignment using opaque
envelopes to one of two groups—experimental and control.
Random assignment of patients will be carried out after cluster
recruitment (based on hemophilia type and patient age) to ensure
homogeneity of the study groups. This assignment will be
carried out by a person who is not involved in the study
objectives and who is unaware of the identity of the participants.

Outcome Measures
Baseline assessments will be carried out at Hemophilia
Association centers. Measurements will be performed by a
physiotherapist who is unaware of patient group assignments.

After the treatment period and 3 months after completion, the
patients included in both groups (experimental and control) will
be re-evaluated by the same rater under the same conditions as
their initial evaluation.

Dependent variables (range of motion, joint pain, functionality,
joint state, muscle strength, muscle flexibility, and record of
activity) will be measured at each study assessment (baseline,
posttreatment, and follow-up). A 10-point visual analog scale
will be used to evaluate patient perception of joint pain, ranging
from 0 (no pain) to 10 (maximum perceived pain). An algometer
(FPN100; Wagner Instruments) will be used for the assessment
of pressure-induced pain (the amount of pressure at which the
person perceives pain), both at the joint and at other body sites
[28]. Pressure will be applied gradually at the site, increasing
at rate of 50 kPa/s until the patient reports that the sensation is
painful [29]. In patients with ankle arthropathy, bilateral
measurements will be taken anterior to the lateral malleolus
(ankle) [30] and at two other sites—the spinous process of the
L5 vertebra and on the extensor carpi radialis longus muscle of
the forearm (5 cm distal to the lateral epicondyle of the humerus)
[28]. Using a portable instrument [31] for assessing physical
activity, patient physical activity level (average number of steps
per day, average distance per day, average amount of active
time, and energy consumption) will be recorded. The
Hemophilia Joint Health Score [32] will be used to evaluate the
joint condition of knees, ankles, and elbows. It includes 8 items
(inflammation and its duration, pain, atrophy and muscle
strength, crepitus, and reduced flexion and extension) ranging
from 0 to 20 points per joint (the higher the score, the greater
the joint deterioration).

The 6-minute walking test [33] measures the distance walked
over a period of 6 minutes as an assessment of submaximal
capacity to perform exercise. This instrument was developed
for use in patients with respiratory disease and heart failure, but
has been used in children and adults with a variety of chronic
conditions, including hemophilia [34-36]. The test is performed
on a 30 to 50-meter track, and the use of walking aids or
orthopedic devices is permitted. Ankle range of motion will be
measured by a digital goniometer using a protocol designed by
Thornton et al [37]; the assessment can be performed with the
patient standing. The axis of the goniometer will be placed
alongside the lateral malleolus of the ankle. The fixed arm will
be placed parallel to the fibula while the mobile arm is aligned
to be parallel with the fifth metatarsal bone. This measuring
instrument allows more accurate measurements than those
obtained with a plastic goniometer. The patient will be asked
to perform 3 repetitions of each movement. The mean of the 3
measurements will be used [28]. The maximum isometric
strength of the plantar flexor muscles of the ankle will be
evaluated on both limbs with a manual dynamometer. The
patient will be placed in a supine position with 90º ankle
dorsiflexion. The dynamometer will be located proximal to the
metatarsophalangeal joints on the plantar side) and will be held
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by the evaluator [38]. The patient will be asked to perform 3
maximal effort isometric contractions (each for 5 seconds with
a 30-second break in between) against the dynamometer and
the mean of the 3 measurements will be used [28]. The
fingertip-to-floor test [39] assesses the degree of flexibility of
the posterior muscles of the lower limbs. The distance between
the fingertips and the floor is calculated at maximum hip flexion
with knees extended.

Intervention
Patients will continue their factor VIII or factor IX concentrate
treatment as prescribed by their referring hematologists.
Throughout the study, the prescribed pharmacologic treatment,
dosage, and periods of substitute treatment of the participants
will not be altered. Participants in the control group will receive
no physical therapy using self-myofascial release and will
continue with their usual routine of physical activity and
exercise. Outcomes will be assessed under the same conditions
as those of the experimental group.

At the beginning of the study, the main investigator will explain
the characteristics of the intervention to be carried out to the
experimental group. Each session will last approximately 15
minutes, with 5 physiotherapy sessions over a period of 3
months. Each patient will perform the interventions at home.
Participants will have free access to the mobile app. Access to
the platform will be approved after the patient signs the informed

consent form. Once the study is complete, the contents of the
app (Table 1) will be available on the website of the Hemophilia
Physiotherapy research group (InHeFis).

The protocol for self-myofascial release of the lower limbs using
a foam roller and solid ball massage, adapted to patients with
hemophilic ankle arthropathy, will include self-myofascial
release of the plantar, back of the leg, and hamstring regions,
as well as adductor, abductor, and pelvitrochanteric muscles.
Table 1 shows the physiotherapy protocol. Periodic follow-up
will be performed, through phone calls and by SMS text
messages, to answer questions from patients regarding the use
of the app.

A mobile app (designed by the research group) will be used to
demonstrate all the exercises in the self-myofascial release
protocol. Each time the patient exercises, he or she will be able
to watch a video explaining the characteristics of each exercise
(time, repetitions, position, and action). This free app will also
collect adherence data recorded as days of exercise by the
participant.

Patient will need to have a suitable floor mat. A massage ball
will be used for pressure point massage (solid ball massage),
typically 40 mm to 50 mm in diameter, made of a hard
polyurethane, but slightly padded. Two smooth
low-deformability foam rollers (90 cm in length and 15 cm in
diameter) will also be used.

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e15612 | p.109https://www.researchprotocols.org/2020/7/e15612
(page number not for citation purposes)

Meroño-Gallut et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. Physiotherapy protocol using self-myofascial release for patients with hemophilic ankle arthropathy.

TimesObservationsActionRegion and exercise aid

Plantar region

5 seconds in each area,
bilaterally

Three areas shall be worked on: near the heel,
in the middle of the sole of the foot and below
the metatarsal head. Circular movements shall
be carried out.

Slow circular movements shall be carried out
with slight pressure on the sole of the foot. The
stimulus should be applied below the pain
threshold.

Solid ball massage

15 repetitions shall be
performed for each foot

The maneuver shall include slight flexion and
extension movements of the toes.

Linear movements shall be carried out on the
sole of the foot exerting a slight pressure from
the heel to the metatarsals and from the
metatarsals to the heel.

Solid ball massage

Achilles region

15 slow sliding move-
ments

The exercise is to be assisted with slight plantar
flexion and extension movements by the pa-
tient. The exercise can be enhanced by crossing
a leg in extension over the leg subject to the
work stimulus

The movement shall be performed from the most
distal part of the leg to the region of myotendi-
nous connection with the calf muscles.

Foam roller

Soleus and calf muscles

15 slow sliding move-
ments

The exercise can be enhanced by crossing a
leg in extension over the leg subject to the
work stimulus.

Movement assisted with slight plantar flexion
and extension movements shall be performed.
The roller will move over the calf muscle.

Foam roller

Extensor retinaculum of the ankle

15 slow movementsPerformed with the patient in a quadruped po-
sition. Slight plantar and dorsal flexion move-
ments of the ankle can be combined.

With the foam roller placed in the anterior region
of the ankle, a sliding motion while exerting
slight pressure on the anterior region of the ankle
shall be performed.

Foam roller

Muscle compartment of the anteroexternal region of the leg

15 slow movementsPerformed with the patient in a quadruped po-
sition incorporating a slight hip rotation

Movements shall be performed on the anteroex-
ternal region of the leg, with slight compression
stimuli and longitudinal release of the tibialis
anterior, toe extensor, and peroneal muscles.

Foam roller

Hamstring region

10 slow movementsPerformed with the patient seated in such a
way that the hamstring muscles are supported
on the foam roller.

Bilateral work on the hamstring region using a
foam roller shall be performed by rolling each
hamstring on the foam roller bilaterally and at-
tempting the widest possible run.

Foam roller

10 slow movementsPerformed with the patient seated in such a
way that the hamstring muscles are supported
on the foam roller.

Unilateral work on the hamstring region using
a foam roller shall be performed focusing the
work on one leg while making slight flexion and
extension movements of the knee.

Foam roller

Adductor muscles

5 slow movementsWith sustained pressure, slow movements shall
be performed with one leg so the solid ball
moves in a circle. Movements shall be per-
formed using each leg, changing the position
of the ball to the medial third, and then the
proximal third.

The exercise shall be carried out in 3 different
areas of the inner thigh region: middle third,
proximal third and distal third, starting on the
distal third. The ball will be placed between the
legs and slight pressure will be applied.

Solid ball massage

Abductor muscles

15 slow movementsThe longitudinal run should be as wide as
possible.

The patient shall be positioned in lateral decubi-
tus, with the foam roller on the side of the thigh,
applying slow slides on the back of the thigh

Foam roller

Pelvitrochanteric muscles

15 slow movementsPerform smooth movements sliding the gluteal
region over the foam roller. Then change legs.

The patient shall be seated on the foam roller,
flexing a hip while placing the foot with the sole
resting on the floor to ensure greater body weight
on the gluteal and pelvitrochanteric region on
the opposite side.

Foam roller
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Data Analysis
The distribution of the sample, the changes after the intervention
and follow-up period in each group, and the intra and
interindividual effect will be analyzed. We will use the
intent-to-treat method to include all individuals who were
randomized in the final data analysis.

The statistical analysis will be carried out using SPSS statistical
software (version 19.0; IBM Corp). The Kolmogorov-Smirnov
test will be used to test for normality, and the Levene test will
be used to test for homoscedasticity. If the conditions of
normality and homoscedasticity are violated, nonparametric
tests will be used.

Descriptive statistics (mean and standard deviation) will be
calculated for all dependent variables. A one-way repeated
measures analysis of variance will be used to compare the
groups (experimental and control) at 3 assessment times
(baseline, posttreatment, and follow-up). If the interaction is
found to be significant, pairwise comparisons will be performed.
The significance level will be set at α=.05. To control the error
rate, Bonferroni correction will be applied. The results of the F
test will depend on the significance of Mauchly sphericity. If
significant, the Greenhouse-Geisser correction will be used. To
assess clinical relevance, we will calculate the standard error
of measurement and minimum detectable change for each
dependent variable.

Results

The study has been approved by the ethics committee of the
University of Murcia (ID: 2428/2019). Patient recruitment will

begin in September 2020, and an intervention period will
continue until June 2021. Data collection will take place between
September 2020 and October 2021.

Discussion

This project is the most ambitious physiotherapy study, in terms
of methodology, recorded to date in Spain. The inclusion of 70
patients with hemophilia from 5 different regions for
participation in a physiotherapy program will confer on this
project a high statistical power, which is unusual in a rare
pathology such as hemophilia. Patients with hemophilic ankle
arthropathy will undergo treatment with self-myofascial release
using a foam roller. The research team is made up of
multidisciplinary hemophilia specialists, renowned
physiotherapists with extensive clinical experience, and
researchers in the field of hemophilia, as well as experts in
methodology and statistics. Coordination between different
regions of Spain, with the participation of universities, hospitals
and associations of patients, is an uncommon effort in the field
of hemophilia-related physiotherapy research.

Another potential strength is that this protocol can help to
establish a rapid, safe, and effective intervention for patients
with hemophilia. In addition to clinical improvements, it could
facilitate greater adherence to physiotherapy treatments and
improve the quality of life of individuals with hemophilia.

Self-myofascial release requires no economic investment in the
case of manual therapy. Validating its safety and efficacy could
promote the development of a quick, inexpensive, and simple
physiotherapy intervention that can easily be used widely.
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Abstract

Background: A novel evidence-based Narrative e-Writing Intervention (NeW-I) has been developed and tested in Singapore
to advance psychosociospiritual support for parents of children with chronic life-threatening illnesses. NeW-I is informed by an
international systematic review and a Singapore-based qualitative inquiry on the lived experience of parental bereavement and
supported by literature on anticipatory grief interventions for improving the holistic well-being of parent caregivers of seriously
ill children.

Objective: This study's aim was to provide an accessible platform, NeW-I—which is a strengths- and meaning-focused and
therapist-facilitated mobile app and web-based counseling platform—that aims to enhance quality of life, spiritual well-being,
hope, and perceived social support and reduce depressive symptoms, caregiver burden, and risk of complicated grief among
parents of children with chronic life-threatening illnesses.

Methods: The NeW-I therapist-facilitated web-based platform comprises a mobile app and a website (both of which have the
same content and functionality). NeW-I has been implemented in Singapore as a pilot open-label randomized controlled trial
comprising intervention and control groups. Both primary and secondary outcomes will be self-reported by participants through
questionnaires. In collaboration with leading pediatric palliative care providers in Singapore, the trial aims to enroll 36 participants
in each group (N=72), so that when allowing for 30% attrition at follow-up, the sample size will be adequate to detect a small
effect size of 0.2 in the primary outcome measure, with 90% power and two-sided significance level of at least .05. The potential
effectiveness of NeW-I and the accessibility and feasibility of implementing and delivering the intervention will be assessed.
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Results: Funding support and institutional review board approval for this study have been secured. Data collection started in
January 2019 and is ongoing.

Conclusions: NeW-I aspires to enhance holistic pediatric palliative care services through a structured web-based counseling
platform that is sensitive to the unique cultural needs of Asian family caregivers who are uncomfortable with expressing emotion
even during times of loss and separation. The findings of this pilot study will inform the development of a full-scale NeW-I
protocol and further research to evaluate the efficacy of NeW-I in Singapore and in other Asian communities around the world.

Trial Registration: ClinicalTrials.gov NCT03684382; https://clinicaltrials.gov/ct2/show/NCT03684382

International Registered Report Identifier (IRRID): DERR1-10.2196/17561

(JMIR Res Protoc 2020;9(7):e17561)   doi:10.2196/17561

KEYWORDS

narrative therapy; psychotherapy; pediatric palliative care; end-of-life care; randomized controlled trial; cyber-counseling; mobile
phone

Introduction

Background
There is a global increase in the number of children living with
chronic life-threatening illnesses [1,2]. In Singapore, child
deaths (age <19 years) due to chronic conditions increased from
204 per year to 245 per year during the 2014 to 2016 period [3].
In fact, congenital anomalies as well as cardiovascular and
cerebrovascular diseases account for over half of all deaths in
the 0 to 19 years age range in Singapore [4]. Due to
technological developments in medical care, children with
chronic life-threatening illnesses can live longer, but they
simultaneously face the challenge of being dependent on their
caregivers (usually, their parents) and disability for a prolonged
period [1]. However, not all seriously ill children and their
parents receive adequate palliative support services [3].

Being a parent caregiver of a child with a chronic
life-threatening illness is a highly stressful experience [5]. In
addition to the typical challenges of parenting, parent caregivers
must navigate a complex web of stressors, including the practical
and financial burden of caregiving [6], strained marital and
social relationships [7], and neglect of other healthy children
and family members [8]. Furthermore, parent caregivers of
children with chronic life-threatening illnesses need to frequently
communicate and engage with medical professionals, but such
interactions can increase the anxiety and distress of the parents
if they are not adequately involved in making decisions
regarding their child’s treatment [9,10]. Thus, the stressors
associated with caregiving and the elevated demand on resources

put parent caregivers at increased risk of depressive symptoms,
fatigue, and overall poor quality of life [11].

Parental Bereavement Trajectories of Child Loss
Our research team recently conducted a qualitative systematic
review of 25 high-quality research papers published between
2000 and 2017, exploring the lived experience of parental
bereavement due to a child’s chronic life-threatening illness. A
4-phase parental bereavement trajectory of child loss was
developed, highlighting appropriate interventions that help
parents identify care needs, elicit caregiving strengths, enhance
death preparedness, and foster meaning-making throughout the
trajectory of their child’s illness to reduce psychoemotional
distress during the period of end-of-life caregiving and into
bereavement [12]. Our research team conducted a second study
to examine the Asian experience of parental bereavement via
meaning-oriented strength-focused interviews with 6 couples,
13 mothers, 4 fathers, and 2 primary parental figures (N=25
parental units) who lost their child to a chronic life-threatening
illness in Singapore [13,14]. Grounded theory analysis revealed
7 themes and 25 subthemes that were organized into a
trauma-to-transformation model of parental bereavement (Figure
1). This culture-specific model shows the milestones of how
Asian bereaved parents journeyed through their child’s
life-threatening illness and eventual death, describing the
ritualistic actions as well as family communication and
transactional patterns that aided them to better cope with their
loss, to regain control over their lives, to sustain a continuing
bond with their deceased child, and to move forward with and
ultimately transcend their grief through meaning reconstruction
[13,14].
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Figure 1. Trauma to transformation model of parental bereavement in Asia.

These findings echo previous literature [15-18] positing that
parents facing potential child loss could benefit from
psychosocial and therapeutic interventions as soon as prognosis
is known and throughout the trajectory of the illness, which
could ease the transition from caregiving through mortality and
bereavement, thus mitigating adverse grief outcomes (Table 1).
However, most supportive interventions for parents caring for
children with chronic life-threatening illnesses only occur after
bereavement [19-21], and a recent systematic review found

negligible evidence to support their effectiveness [22]. As such,
there is a need to develop a preloss intervention to augment
pediatric palliative care and parental bereavement support
service—one that empowers parents to reflect on their
caregiving experiences, explore and identify resources that could
help them better cope with the challenges of caregiving, and
support their child to live a meaningful life despite a chronic
life-threatening illness.

Table 1. Clinical implications of findings from the qualitative study on the lived experience of parental bereavement in Asia.

Implications for clinical workFindings from qualitative studies on the lived experience of parental be-
reavement in Asia

Support parents in gaining a greater sense of control over their lives and
strengthening resilience during the period of end-of-life caregiving through
empathic support and psychoeducational resources for self-care and healthy
coping.

Facing their child’s impending mortality is a difficult experience, which
can isolate parents. Societal attitudes toward illness can make it difficult
for parents to engage with their previous social networks.

Empower parents to provide the best possible care to their child through
exploration of resources for seeking information about illness and caregiv-
ing.

Parents seek to understand the medical terminology associated with their
child’s illness and prognosis of the condition, so that they can evaluate
potential risks and benefits of treatment procedures and make informed
care decisions.

Facilitate meaningful family experiences that allow parents and their
children to move away from the drudgery of illness, suffering, and care-
giving and focus on building parent-child memories.

Parents desire to give their children a chance to rise above the difficulties
brought on by the illness and display strength to help their child live as
fully as possible.

Explore sources of support, which participants have within their close
social network and how they can be harnessed in care provision.

Asian parents tend to have a collaborative approach to caregiving for their
sick child. They often rely on family members, relatives, and other parents
of sick children for support.

Elements of a Preloss Intervention for Parents of
Children With Chronic Life-Threatening Illnesses
In developing a preloss intervention that could meaningfully
impact families throughout their child’s trajectory of illness and
leading to the final days of their child’s life, a number of
important therapeutic elements need to be considered and
incorporated. First, anticipatory grief, defined as the process of
mourning the loss of a loved one before actual loss that enables
caregivers to experience and adjust to various grief responses,

must be central to such an intervention [17,23]. Anticipatory
grief can smoothen the process of coping with death as the
individual has the scope to come to terms with the loss in
advance [24]. Studies have found that strength-based end-of-life
interventions with elements that address anticipatory grief can
improve adult patients’ quality of life and mitigate poor
bereavement outcomes among family caregivers [25]. It is,
therefore, possible that an anticipatory grief-based
psychotherapeutic intervention for parents of children with
chronic life-threatening illnesses could help parents to
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understand and regulate their emotions, enhance death
preparedness, and thereby build resilience.

Second, it would be useful for a preloss intervention for parents
of children with chronic life-threatening illnesses to adopt a
meaning reconstruction approach [26-28], with each individual
actively constructing a phenomenological world of their
experiences in relation to various familial and sociocultural
contexts and supporting their sense of loss and grief accordingly.
Such a meaning reconstruction approach empowers grievers to
choose whether to direct their attention to the loss and process
turbulent feelings or to focus on practical adjustments to
re-engage with their everyday life. Third, a preloss intervention
would benefit from a narrative approach [29,30], which could
help individuals connect with emotions that are challenging to
accept, generate new meaningful stories about life and loss, and
restructure negative emotional appraisal of situations such as
end-of-life caregiving into more positive ones, thereby
generating a sense of hope.

Two effective examples of applying the meaning reconstruction
approach and the narrative approach in supporting holistic
end-of-life care are dignity therapy [25,31,32] and family dignity
intervention [33]. Both of these are evidence-based
psychotherapies that address the physical, psychosocial, and
existential issues pertaining to one’s dignity at the end-of-life
period. Specifically, a family dignity intervention is designed
to support the collective experience of grief and loss for Asian
families facing mortality, and it could add great value to a
preloss intervention for parents of children with chronic
life-threatening illnesses. In practice, family dignity intervention
comprises a meaning-focused interview with a
patient-and-family caregiver dyad that fosters the expression
of appreciation and emotional connection through the retelling
of important life narratives. The interview is recorded,
transcribed, and edited into a legacy document and returned to
the dyad for sharing with their loved ones for healing and
remembrance.

Finally, a preloss intervention for parents of children with
chronic life-threatening illnesses must be mindful of the
caregiving responsibilities and limitations that serve as barriers
for parents to engage in sit-and-talk therapy [12]. It is possible
that a web-based platform that is cost-effective and
time-efficient [34] can deliver psychotherapy to such parents.
Such therapist-facilitated internet-based platforms are
increasingly used for brief and effective psychotherapy for a
range of conditions, including depression, anxiety, and stress
[35-40]. Moreover, when web-based platforms use writing as
the modality for emotional expression and reflection, efficacy
is superior compared with audio or video mediums [41]. Finally,
the anonymity of an e-writing channel can encourage greater
willingness to self-disclose [42,43].

This Study and Objectives
Globally, pediatric palliative care interventions predominantly
emphasize the stages of grief and psychological tasks that
grieving parents must accomplish after their child’s death [22],
and in Singapore, there is no known empirically tested
intervention to provide psychoemotional support and
psychoeducational resources to parents of children with chronic

life-threatening illnesses. Singapore is a leading nation in digital
readiness, smartphone utilization for communication is ingrained
into the everyday life of its people [44], and web-based
intervention services for improving well-being have been
welcomed by the Singaporean community [45,46]. Hence, it is
reasonable to propose that web-based solutions are vitally useful
for enhancing pediatric palliative care and parental bereavement
support services. Furthermore, in view of the fact that Asian
family caregivers can be uncomfortable with explicit emotional
expression even during times of loss and separation [47], a
web-based platform and the relative anonymity it offers to
participants [43] would be appropriate for an Asian population.

The research team of this study integrated the aforementioned
elements necessary for a preloss intervention for parents of
children with chronic life-threatening illnesses and conceived
a Narrative e-Writing Intervention (NeW-I) to address the gap
in pediatric palliative care delivery and research in the local
context. NeW-I is a novel web-based, therapist-facilitated,
strength-focused, and meaning-oriented intervention designed
to provide direct service to parents of children with chronic
life-threatening illnesses. The development and evaluation of
NeW-I is guided by the Medical Research Council Framework
for the Development and Evaluation of Complex Interventions,
which is widely recognized in the design and evaluation of
complex interventions to improve health outcomes [48,49].
NeW-I is also inspired by the meaning reconstruction model
[50], the narrative approach to anticipatory grief [51], dignity
therapy [31,32], family dignity intervention for holistic
end-of-life care [33], and the findings of a recent investigation
on Asian parental bereavement experience of child loss by our
research team [13,14].

The overarching goal of the novel NeW-I intervention model
is to provide an accessible platform for parent caregivers to
reflect on their experiences of caring for a child with a chronic
life-threatening illness from a new perspective (ie, new eye) as
well as to create a renewed sense of self-understanding and
empowered identity in the context of their experience (ie, new
I). The specific research objectives are three-fold: (1) to develop
a standardized protocol for a cultural-specific and
meaning-oriented NeW-I for anticipatory grief and bereavement
support for parent caregivers of children with chronic
life-threatening illnesses and eventual death; (2) to evaluate the
efficacy of NeW-I in enhancing quality of life, spiritual
well-being, hope, and social support as well as decreasing
caregiver burden, depressive symptoms, and risk of complicated
grief among parent caregivers; and (3) to examine the challenges
and pitfalls in the design and implementation of NeW-I through
an integrated feasibility and acceptability study for informing
large-scale implementation of the intervention.

Methods

Study Design and Hypotheses
This study utilizes an open-label randomized controlled trial
design comprising 2 groups: (1) an intervention group
(structured NeW-I protocol) and (2) a control group (journaling
activity unrelated to their child’s illness). It is hypothesized that
intervention participants who successfully complete NeW-I will
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experience an enhanced quality of life, spiritual well-being,
sense of hope, and perceived social support and decreased
depressive symptoms, subjective caregiver burden, and risk of
complicated grief as compared with control participants. It is
also hypothesized that NeW-I is deemed as an accessible and
user-friendly service by participants.

Sample
The sample comprises 72 individual parents of varying ethnicity
in Singapore (N=72). Where both parents of a child participate
in the study, their group allocation is randomly determined, and
assessments are completed by both parents independently. To
be eligible for participation in this study, the individual must
be a parent whose child has been diagnosed with a chronic
life-threatening illness and has a prognosis of more than 3
months at the time of enrollment. For the purpose of this study,
a child has been defined as children and young persons between
the ages of 0 and 19 years [52]. The individual must be able to
speak, read, and write in English and provide informed consent.
Individuals are excluded from this study if they are suffering
from severe depressive symptoms and psychological distress,
as identified by 2 screening tools. Specifically, to protect
participants’well-being during the pilot testing of NeW-I, those
who do not meet the stated cutoff scores of the Patient Health
Questionnaire – 9 (PHQ-9; >19) and Kessler psychological
distress scale (K-10; >29) are excluded, as formal treatment and
therapy would be more beneficial [53,54]. Additionally, if
participants cease to meet the inclusion criteria during the study
(eg, due to their child’s untimely death), they are excluded from
the study and provided with alternative resources for
psychosocial support. However, the data that have been collected
until the time of their participation will be kept and analyzed
so that a complete and comprehensive evaluation of the study
will be possible.

Sample Size Calculation
For a main trial designed with 90% power and two-sided
significance level of at least .05, a pilot sample size of 25 per
arm is needed to detect a small effect size of 0.2 in the primary
outcome measure [55]. A meta-analysis suggested that many
high-quality psychotherapy studies (high quality studies defined
by a proficiently trained therapist, treatment integrity, N>50)
on the treatment of depression have a mean effect size of 0.22
[56]. Allowing for an attrition rate of 30% at follow-up (a larger
estimate due to end-of-life context), the sample size must be
inflated by a factor of 1/(1−0.3)=1.43. Therefore, the minimum
sample size required for this study was 72 or 36 in each group.

Recruitment Procedures
Purposive sampling was adopted to achieve a target sample size
of 72. Potential participants are identified and contacted by the
collaborating organization (leading pediatric palliative care
providers in Singapore, including KK Women’s and Children’s
Hospital, Club Rainbow Singapore, Muscular Dystrophy
Association Singapore, and Rare Disorders Society Singapore)
to introduce the study to their beneficiaries. This sampling
strategy allows the recruitment of participants whose children
suffer from a wide range of chronic life-threatening conditions,
thus allowing for maximum variation in the sampling. If verbal

consent is obtained from potential participants, their contact
details are passed to the research team at Nanyang Technological
University, who subsequently establish telephone contact,
explain study procedures, and introduce the NeW-I web-based
platform. All personal information pertaining to potential
participants are kept confidential, and only the responsible
researchers have access to such information.

Open recruitment is also carried out so that all parents of
children with chronic life-threatening illnesses have equal
opportunity to participate in a potentially beneficial study and
to examine the feasibility of implementing this free and easily
accessible intervention in the community. Posters have been
placed in strategic locations across Singapore (such as offices
of leading pediatric palliative care providers) that provide
information regarding the study. When interested participants
contact the research team, the study procedures are explained,
the NeW-I platform is introduced, and registration information
is provided.

App and Intervention Procedure
The NeW-I therapist-facilitated web-based platform comprises
a mobile app and a website (both of which have the same content
and functionality). Participants can download the app free of
cost from the Apple App Store and the Google Play Store by
keying in the relevant keywords or scanning the quick response
code provided on the NeW-I study advertisement posters. The
NeW-I website is under construction. As shown in Multimedia
Appendix 1, when participants initially log in to the app, they
are directed to a study participation and informed consent page
that provides details about study procedures, institutional
affiliations of the research team, rights of research participants,
and protection of confidentiality. After participants endorse this
web-based informed consent form on the NeW-I platform, they
are directed to a demographic information page. Participants
are also requested to provide their contact details and last few
digits of their national identification number to ensure that only
1 user account is created by each individual.

Following this, participants are directed to a screening page
where participants complete the PHQ-9 and the K-10. Those
who pass the screening assessments receive confirmation of
study participation and are requested to wait for a phone call
from the research team. Those who do not pass the screening
assessments are thanked for their time and provided with
resources for psychosocial support. Individuals who pass the
screening assessments receive a phone call from the NeW-I
team as a means of identity checking. Following this,
participants complete baseline measures (time point 1
assessment). This is followed by a random allocation of
participants to either the intervention group or the control group,
which is performed via the NeW-I platform using
computer-generated random numbers. Participants are then
directed to the first writing session. Participants have the option
to choose to begin the first writing session immediately or delay
for a maximum of 3 days. The day on which participants begin
their first writing session is day 1 of week 1. Participants who
do not begin their first writing session within 3 days are
excluded from the study. However, a concession period of 7
days is given to participants who have a genuine reason for their
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inability to adhere to the protocol (such as unexpected changes
in their child’s health condition) and have expressed keen
interest in participating in the study. A similar concession period
of 7 days is also maintained for participants who are unable to

adhere to the study protocol in weeks 2, 3, and 4 (such that each
participant can only be given 1 concession during the entire
duration of their study participation). Detailed study procedures
are described in Figure 2.

Figure 2. Description of Narrative e-Writing Intervention (NeW-I) procedures.

NeW-I is delivered by trained therapists in the research team
who are experts in death education and grief counseling and
have the clinical competence to work with family caregivers in
pediatric palliative settings. All team members have successfully
completed research integrity modules under the provisions of
Nanyang Technological University’s institutional review board
and adhere to the board’s guidelines for safeguarding
participants’ identity and confidentiality.

Intervention and Control Groups
Both intervention and control group participants follow the
procedures described in Figure 2. There are 4 weekly sessions
of writing. A template has been provided to ensure that the
participants’ writings tie in with the session objectives. To
improve participants’ adherence to the study protocol, they
receive an automated notification on their phone app and email
each time a fresh writing session becomes available to them.
Participants were assured of anonymity and confidentiality of
their writing to encourage open and honest self-expression. The
structured writing for each session requires 15 to 30 min, as

exposure and time to process ideas through written disclosure
over at least three sessions of 15 min each can produce effective
outcomes [57].

For the intervention group participants, each weekly session
has a unique objective (Table 2). Briefly, in week 1, participants
reflect on the demands of caring for a child with a chronic
life-threatening illness and the means to cope with these
challenges. In week 2, participants consider avenues where they
could seek more information about their child’s illness and
resources for caregiving. In week 3, participants examine the
sources of support that they have within their network of family
and friends. In week 4, participants explore how they (and their
children) could rise above illness-related challenges and live
their lives as fully as possible.

For control group participants, the objective is consistent across
the 4 weeks, that is, participants engage in a weekly writing
session that is unrelated to their child’s illness and allows them
to experience the therapeutic benefits of narrative writing (Table
3).
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Table 2. Content and questions for reflective writing for intervention group.

Week 4Week 3Week 2Week 1Session structure

Objective •••• To explore how partici-
pants (and their chil-
dren) can rise above
illness-related chal-
lenges and live their
lives as fully as possi-
ble.

To explore the sources
of support that partici-
pants have within their
close network of fami-
ly and friends.

To explore avenues where
participants can seek more
information about their
child’s illness and resources
for caregiving.

To provide participants
with a platform to reflect
on the emotional, practi-
cal, and financial demands
of caring for a child with
a chronic life-threatening
illness and the means to
cope with these chal-
lenges.

Questions for reflec-
tive writing

•••• Tell us what you love
best about your child.
What quality about him
or her makes you
proud?

Tell us about some
people who have been
helpful or supportive in
your caregiving jour-
ney. How have they
helped you to cope
during difficult times?

How satisfied are you with
the knowledge and informa-
tion that you have about
your child’s condition?

Tell us a little about your
child and what you love
about him or her.

• Tell us about the chal-
lenges that you have en-
countered when caring for
your child.

• What has been helpful in
providing you with the
knowledge and informa-
tion?

• What would a good
day for your child look
like right now? What
makes it a good day?

•• On a scale of 1 to 10,
with 1 being “Not at
All” and 10 being
“Very Much,” how sat-
isfied are you with
your spousal relation-
ship? (Please omit this
question if it does not
apply to you.) What
might make that score
a little higher?

What has been your
biggest challenge so far?
How have you coped with
it?

• What are some forms of
support that have been
helpful for you in providing
quality care to your child?
How were these forms of
support helpful?

• Tell us about an enjoy-
able moment with your
child.• What are three things that

have helped you cope in
your caregiving journey?

• What are some things
you can do to make an
enjoyable moment
happen?

• What would help you to
feel more competent as your
child’s caregiver? What is
one thing you could do to
make that difference? • What are some things

that others could do for
you that could further
help you in your care-
giving journey?

Counseling goals •••• To assist participants
(and their children) in
building meaningful
and cherished memo-
ries through reflecting
on achievements and
fulfillment of dreams.

To reframe that they
are indeed blessed to
have the support of
their spouse or family
or friends to help them
to cope with this chal-
lenging period.

To acknowledge partici-
pants’ efforts to seek power
and control over their
seemingly uncontrollable
lives through illness litera-
cy.

To affirm the strengths
that have helped partici-
pants to survive and
thrive.

• To provide psychoeduca-
tion about local social
welfare organizations that
can provide them with
support.

• To provide psychoeducation
about sources for seeking
more information about
their child’s illness, treat-
ment options, and resources
for caregiving.

•• To examine ways in
which participants can
enhance quality of life
in their child’s final
days.

To reframe partici-
pants’ sharing from
sessions 1, 2, and 3 by
taking the semantic
content as it is but pro-
viding an alternative
viewpoint of perceiv-
ing the situation.

Table 3. Content and questions for reflective writing for control group.

Week 4Week 3Week 2Week 1Session structure

This week, we’d like to
know what you find most
comforting right now (e.g.
family, relationships, work,
hobbies and other activities
etc.). Tell us about what
makes this thing comforting
for you?

This week, we’d like to
know what is the biggest
challenge (e.g. emotional,
financial, practical etc.) that
you are facing right now?
Do feel free to add on any-
thing else about this chal-
lenge that you would like us
to know!

This week, we’d like to
know about what has the
past week been like for you?
Feel free to share with us in
as much detail as you like!

This week, we’d love to
know a little bit about you.
Tell us what an average day
in your life looks like. Feel
free to share with us any and
every detail that you find
comfortable to talk about!

Questions for reflective
writing
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Evaluation of Outcomes

Quantitative Assessments
Via the NeW-I platform, both intervention and control group
participants fill out a sociodemographic form at baseline and
are then assessed on a battery of self-reported standardized and
validated measures across 5 time points. The primary outcome
measure is the participants’ quality of life, as measured by the

Kemp Quality of Life scale (KQOL) [58]. Secondary outcomes
are assessed using (1) a modified version of the Functional
Assessment of Chronic Illness Therapy - Spiritual Well-Being
scale (FACIT-Sp-12) [59], (2) the Herth Hope Index (HHI)
[60], (3) Patient Health Questionnaire – 9 [53], (4) the Burden
Scale for Family Caregivers-Short (BSFC-s) [61], (5) the
Inventory of Social Support (ISS) [62], and (6) a modified
version of the Brief Grief Questionnaire (BGQ) [63] (Table 4).

Table 4. Quantitative outcome measures.

Rating scale; factorNumber of itemsMeasure

7-point Likert scale; 1 factor1Kemp Quality of Life scale

5-point Likert scale; 3 factors: meaning, peace, and
faith

12Functional Assessment of Chronic Illness Therapy - Spiritual Well-Being
(adapted version)

4-point Likert scale; 1 factor12Herth hope index

4-point Likert scale; 1 factor9Patient Health Questionnaire - 9 (also serves as a screening assessment)

4-point Likert scale; 1 factor10Burden Scale for Family Caregivers-Short

5-point Likert scale; 1 factor5Inventory of Social Support

3-point Likert scale; 1 factor5Brief Grief Questionnaire (adapted version)

Assessment for both intervention and control groups takes place
at 5 time points: baseline (time point 1), immediately after
completion of the intervention or control protocol (time point
2), 1 month after completion of the intervention or control
protocol (time point 3), 3 months after completion of the
intervention or control protocol (time point 4), and a final
follow-up 6 months after completion of the intervention or
control protocol (time point 5). Participants receive an automated
notification on their phone app and email each time an
assessment set becomes available to them. For each completed
assessment, participants receive a voucher worth Singapore $30
(approximately US $21).

Acceptability and Feasibility Study
To evaluate the acceptability and effectiveness of NeW-I, all
intervention participants are invited to participate in a
semistructured interview at the completion of all intervention
components at time point 2, which explores the impact of the
intervention, aspects of the intervention found to be helpful,
aspects of the intervention found to be unhelpful and how they
could be improved, challenges encountered in completing the
intervention, and scope for enhancing intervention usability.
To assess the feasibility of implementing and delivering NeW-I,
the research team maintains an audit trail of the time needed to
provide feedback to participants and restructure their narrative
writing; deviations from the intervention protocol (if any);
uncompleted interventions and their reasons; and NeW-I
therapists’ perceptions of competence, observations of
participants’experiences and responses, and difficult or deviant
cases. All feedback provided to participants will be vetted by
at least two members of the research team for data monitoring,
quality, and safety assurance.

Data Analysis

Quantitative Data
The statistical analysis plan for the quantitative data in this study
was designed according to the Consolidated Standards of
Reporting Trials guidelines [64] and recommendations made
by Gamble et al [65] for clinical trials. Quantitative parameters
will be presented as mean (SD) or median (IQR), and categorical
variables will be presented as numbers and proportions. The
internal consistency of psychometric scales will be assessed
using Cronbach alpha. To compare the primary quantitative
outcome (KQOL) and secondary quantitative outcomes
(FACIT-Sp-12, HHI, PHQ-9, BSFC-s, ISS, and BGQ) between
the intervention and control groups over time (time point 1 to
time point 5, with time point 2 being the primary time point of
comparison), multilevel mixed-effect regression analysis will
be used with time as a random effect. All demographic and other
relevant covariates measured at baseline will be adjusted in the
model. Mixed models allow us to include all available data in
the presence of dropouts occurring into the analysis [66].
Individual multivariable models will be constructed for each
outcome to estimate the effect sizes and corresponding CIs.
Clinically meaningful interactions will also be checked and
included in the model if P<.10. Marginal effects will be used
to predict mean outcome scores for the intervention and control
groups. For this study, a two-sided significance level of at least
.05 will be considered a statistically significant finding. All
analyses will be conducted using Statistical Package for the
Social Sciences (SPSS) (version 22.0; IBM Corp) and Stata
(version 15.1; StataCorp) statistical software.

The intention-to-treat principle will be followed in the data
analysis. However, an additional sensitivity analysis will be
conducted to handle missing data during the analysis, where
fully conditional multiple imputation with n (% missing)
imputations and 1000 iterations using the Markov Chain Monte
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Carlo method will be used [67]. Model summary estimates will
be calculated based on the Rubin rule [68].

Qualitative Data
All qualitative data are stored and analyzed using the NVivo
(QSR International) computer software. Phenomenological
analysis will be used to obtain an in-depth and comprehensive
view of the data set from an insider’s perspective [69]. Unique
or minority voices will be elicited to illuminate counterpoints
to the stated views. Throughout the data analysis process,
strategies to maximize research rigor and trustworthiness will
be prioritized. The use of such a method of data analysis has
been demonstrated in previous research involving grief therapy
with bereaved parents [70].

Ethical Considerations
This study has been approved by the institutional review board
of Nanyang Technological University, Singapore
(IRB-2018-07-009). Web-based, endorsed informed consent
was obtained from all participants before study participation.
Participants’ confidentiality, safety from unintended outcomes,
and right to withdraw without any adverse consequences are
safeguarded under the ethical provisions of Human Biomedical
Research Act studies reviewed by the institutional review board
of Nanyang Technological University, Singapore.

As such, there is minimal risk of engaging in a web-based
narrative writing activity. The experienced NeW-I therapist will
be available to participants to offer web-based support, in the
event that some aspects of the intervention cause them distress
or discomfort. If participants need further support, a referral
system has been set up such that participants who are recruited
via purposive sampling would be referred to their health and
social care provider for follow-up assistance. Finally, any
deviations from or changes to the study protocol, unexpected
breaches in privacy, or major technical difficulties will be
promptly reported to the institutional review board of Nanyang
Technological University, Singapore, and further steps will be
taken after seeking advice from the board.

Results

Foundational research leading to this study received funding
support from the Singapore Ministry of Education in 2017, and
further funding support for pilot implementation of the
intervention was obtained from the Temasek Foundation
Innovates’ Singapore Millennium Foundation Grant in 2018.
The study was approved by the institutional review board of
Nanyang Technological University in 2018. The recruitment
of participants started in January 2019 and is ongoing. Data
collection is expected to be completed in September 2020.

Discussion

Research Synopsis and Implications
NeW-I is a first-of-its-kind, web-based, therapist-facilitated,
strength-focused, and meaning-oriented intervention for parents
of children with chronic life-threatening illnesses, thereby filling
in a critical service gap in local pediatric palliative care. Through
an open-label randomized control trial, the efficacy of NeW-I

for improving such parents’ quality of life, spiritual well-being,
hope, and social support and decreasing depressive symptoms,
caregiver burden, and risk of complicated grief is investigated
across 5 time points. It is expected that parents who successfully
complete the structured NeW-I intervention protocol will
experience enhanced quality of life, spiritual well-being, sense
of hope, and perceived social support and decreased depressive
symptoms, subjective caregiver burden, and risk of complicated
grief as compared with parents who engage in a journaling
activity unrelated to their child’s illness (control group). It is
also expected that parents will find NeW-I to be an accessible
and user-friendly service.

In addition to improving the psychosociospiritual well-being
of parent caregivers, this study creates opportunities for (1) a
longitudinal assessment of the mental states of 36 parents (ie,
control group) to obtain a naturalistic trajectory of anticipatory
grief, (2) an evaluation of the extent to which the intervention
is successful in improving the mental well-being of 36 parents
(ie, intervention group), and (3) an evaluation of the extent to
which these potential positive effects are sustained over time.
The findings will inform the development of a full-scale NeW-I
protocol that will be disseminated via research papers and
presentations. This will form the foundation for further empirical
research to test the effectiveness, acceptability, and feasibility
of NeW-I in Singapore and in other Asian communities around
the world.

The web-based narrative writing model of NeW-I and the
relative anonymity it offers to participants [43] supports the
unique needs of Asian family caregivers who are uncomfortable
with emotional expression even during times of loss and
separation [47]. It is hoped that NeW-I is perceived by parents
to be a safe platform for engaging in intimate dialogue regarding
their child’s caregiving, thereby enhancing parents’ experience
of their child’s illness trajectory, empowering them to harness
available resources to provide the best possible care to their
child, while simultaneously reducing psychosocial distress and
caregiver burden. Evidence from a recent systematic review
[71] suggests that the guided web-based intervention protocol
of NeW-I is likely to be cost-effective. Additionally, the
web-based intervention protocol is convenient to access, allows
expression of disenfranchised emotions, and promotes meaning
ascription to traumatic experiences. Finally, the current format
of NeW-I is tailored for parents of children with chronic
life-threatening illnesses. However, after a detailed examination
of the structural and implementation strengths and challenges
of NeW-I, its effectiveness in enhancing mental health as well
as feasibility and accessibility, the web-based therapeutic
protocol can be adapted to deliver psychotherapy to diverse
populations including young adults who are diagnosed with a
life-limiting condition, siblings of terminally ill young persons,
and caregivers of patients with dementia, to name a few.

Limitations and Conclusions
Presently, NeW-I can only be implemented with participants
who speak, read, and write English. Singapore is a multicultural
and multilinguistic nation [72], and future research should
expand the delivery language of NeW-I and assess its
acceptability and effectiveness among different linguistic and
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ethnic groups in Singapore and globally. Despite this limitation,
NeW-I could enhance participants’ wellness by drawing
attention away from their illness narrative and instead emphasize
areas that research has demonstrated to be most meaningful at

the end of life. Expected study outcomes can generate new
knowledge to inform research and practice in pediatric palliative
care and parental bereavement support locally and globally.
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Abstract

Background: Juvenile idiopathic arthritis (JIA) is one of the most common types of arthritis among children. According to JIA
guidelines for physical activity (PA), structured PA interventions led to improved health outcomes. However, many PA programs,
such as yoga and aerobic dance, have not been studied in this population despite being popular among youth. Web-based PA
programs could provide patients with accessible and affordable interventions.

Objective: The primary aims of the proposed pilot randomized controlled trial (RCT) are to examine (1) the feasibility of
conducting a full-scale RCT to evaluate the effectiveness of two popular types of PA: a yoga training program and an aerobic
dance training program, in female adolescents (aged 13-18 years) with JIA compared with an electronic pamphlet control group;
and (2) the acceptability of these interventions.

Methods: A three-arm prospective randomized open-label study with a parallel group design will be used. A total of 25 female
adolescents with JIA who have pain will be randomized in a ratio of 2:2:1 to one of the 3 groups: (1) online yoga training program
(group A: n=10); (2) online aerobic dance training program (group B: n=10); and (3) electronic pamphlet control group (group
C: n=5). Participants in groups A and B will complete 3 individual 1-hour sessions per week using online exercise videos, as well
as a 1-hour virtual group session per week using a videoconferencing platform for 12 weeks. Participants from all groups will
have access to an electronic educational pamphlet on PA for arthritis developed by the Arthritis Society. All participants will also
take part in weekly online consultations with a research coordinator and discussions on Facebook with participants from their
own group. Feasibility (ie, recruitment rate, self-reported adherence to the interventions, dropout rates, and percentage of missing
data), acceptability, and usability of Facebook and the videoconferencing platform will be assessed at the end of the program.
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Pain intensity, participation in general PA, morning stiffness, functional status, fatigue, self-efficacy, patient global assessment,
disease activity, and adverse events will be assessed using self-administered electronic surveys at baseline and then weekly until
the end of the 12-week program.

Results: This pilot RCT has been funded by the Arthritis Health Professions Association. This protocol was approved by the
Children’s Hospital of Eastern Ontario Research Ethics Board (#17/08X). As of May 11, 2020, recruitment and data collection
have not started.

Conclusions: To our knowledge, this is the first study to evaluate the effectiveness of yoga and aerobic dance as pain management
interventions for female adolescents with JIA. The use of online programs to disseminate these 2 PA interventions may facilitate
access to alternative methods of pain management. This study can lead to a full-scale RCT.

International Registered Report Identifier (IRRID): PRR1-10.2196/12823

(JMIR Res Protoc 2020;9(7):e12823)   doi:10.2196/12823

KEYWORDS

juvenile idiopathic arthritis; yoga; aerobic exercise; dance; pain management; pilot

Introduction

Juvenile Idiopathic Arthritis and Physical Activity
Juvenile idiopathic arthritis (JIA) is one of the most common
types of arthritis among children [1-3]. Symptoms, which
include joint pain, stiffness, swelling, and fatigue [4-6], can
significantly affect most children’s health-related quality of life
(HRQOL). Although adolescents in the general population spend
on average 57% of their time engaging in sedentary behavior
after school [7], youths with JIA tend to be less active than their
healthy peers and meet the national recommendations for
physical activity (PA) less often [8]. Physical inactivity
associated with JIA may lead to poor bone mineral density,
increased fatigue, decreased muscle strength, reduced
cardiorespiratory fitness capacity, reduced endurance, loss of
functional independence, and diminished quality of life [9-13].
Prolonged physical inactivity may increase the risk of coronary
heart disease, diabetes, hypertension, and obesity in adolescents
with JIA [14,15]. It is important to help ensure that these
symptoms are managed and to promote PA to reduce these
long-term consequences [16]. According to recent guidelines
for PA in JIA based on a systematic review of the literature
[16], structured PA interventions compared with a control were,
in general, effective in the self-management of JIA for numerous
health outcomes, such as a reduced number of active joints
[17,18], diminished pain intensity [19], increased joint range
of motion [18,19], increased muscle strength [20,21], improved
functional status [19,22], and enhanced quality of life [19,22].

Yoga and Aerobic Dance
Many specific PA programs, such as yoga and aerobic dance,
have not yet been studied in this population [16] despite being
recommended by several rheumatology organizations such as
the Arthritis Foundation and being popular among youths,
especially females [23,24]. The fact that yoga and aerobic dance
appeal to female adolescents may encourage them to adopt and
adhere to these programs longer [23-25].

Yoga has been found to be beneficial for adults of both sexes
with rheumatoid arthritis (RA) in reducing pain, pain disability,
and swollen and tender joints, increasing functional status and
enhancing quality of life, general health, and vitality as well as

self-efficacy regarding pain [26-29]. Although no randomized
controlled trial (RCT) has demonstrated the effectiveness of
yoga in the management of JIA, a single-case design study
found yoga (practiced by following a DVD) to be safe and
feasible for 2 female adolescents with JIA [25].

There are currently no RCTs on the effectiveness of structured
aerobic dance programs for the management of JIA, although
it was found that a Zumba program improved the quality of life
(P<.001) and aerobic cardiovascular capacity (P<.001) of female
college students aged between 19 and 23 years from the general
population [30]. Other studies showed that a dance intervention
improved self-rated health and reduced emotional distress among
adolescent girls with internalizing problems (eg, depressed
mood, low self-worth) [24,31].

Disseminating Physical Activity Through Information
and Communication Technologies
Although PA interventions may be effective, there is a need to
disseminate them to patients in a feasible and cost-effective
way. A recent systematic review [32] revealed that information
and communication technologies (ICTs) such as a Facebook
offer for an exciting dissemination strategy by providing users
continuous self-monitoring and self-management as well as real
time feedback and information exchange [33-36]. ICTs are
particularly appealing to young people as they enhance
accessibility and acceptability [34,37-39]. Although ICTs have
been successfully used to engage the youth, change behaviors,
and provide support and education [32,39-42], few RCTs have
used them to deliver information on health-related interventions
[43-47]. One study successfully delivered videos of effective
PA interventions to adults with arthritis via Facebook [48].
Facebook is one of the most popular and frequently used social
media platforms among adolescents [34,38,39,41,49,50]. It has
many features that can collect data on content popularity and
audience response [51,52]. However, a similar RCT has not
been conducted in JIA. Given the high prevalence of JIA among
females (ie, 2-4 times more than males) [2,53,54], there is a
need to disseminate potentially effective PA activities such as
yoga and aerobic dance to this population in an accessible and
affordable manner.
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Objectives
The primary objectives of the proposed single-blind three-arm
pilot RCT with a parallel group will be to examine (1) the
feasibility of a 12-week full-effectiveness trial of two popular
types of PA and an electronic pamphlet control group: group
A: an online yoga training program and a PA electronic
educational pamphlet; group B: an online aerobic dance training
program and a PA electronic educational pamphlet; group C:
an electronic pamphlet control group (PA electronic educational
pamphlet) postintervention; and (2) the acceptability of the yoga
and aerobic dance PA interventions. The secondary objective
of this pilot RCT will be to examine the initial effectiveness of
a yoga training program (group A) and an aerobic dance training
program (group B) on pain intensity, participation in PA,
morning stiffness, functional status, self-efficacy, fatigue, patient
global assessment, disease activity, and adverse events in female
adolescents (aged 13 to 18 years) with JIA compared with an
electronic pamphlet control group (group C) postintervention.

Methods

The following methodology is in full agreement with the
Standard Protocol Items for Randomized Trials
recommendations for RCTs [55-57] to ensure methodological
rigor.

Study Design
This study will use a three-arm prospective randomized
open-label study. Participants will be randomized to one of the
3 following groups in a ratio of 2:2:1: group A: an online yoga
training program (and a PA electronic educational pamphlet;
n=10); group B: an online aerobic dance training program (and
a PA electronic educational pamphlet; n=10); and group C: an
electronic pamphlet control group (PA electronic educational
pamphlet; n=5). The total intervention period will be of 12
consecutive weeks. The frequency and duration of the
interventions are based on other trials of yoga and PA
interventions in pediatric and adult rheumatology
[18,20,22,26,58]. As this pilot RCT involves physical
interventions (ie, yoga and aerobic dance training programs),
the participants and the research coordinator administering the
program will not be blinded. However, the use of anonymous
online self-reported questionnaires administered at baseline and
postintervention will reduce potential detection bias. With
training and standard operating procedures in place, it is
anticipated that any performance bias due to not blinding will
be minimized.

Study Population
Participants will be included in the study based on the following
criteria: (1) female adolescents aged between 13 and 18 years;
(2) diagnosis of JIA by a rheumatologist according to the
International League of Associations for Rheumatology (ILAR)
criteria; (3) absence of serious comorbidities or chronic diseases
or of chronic pain that is unrelated to JIA (eg, cancer,
fibromyalgia), which may impact the ability to understand and
use the exercise program or complete outcome assessments (as
determined by the treating rheumatologist); (4) presence of
arthritis-related pain during regular activities of at least 30 on

a 100-mm visual analog scale (VAS) in the past month; (5)
JIA-specific medication regimen not expected to change during
the study period; (6) self-reported as not meeting Health
Canada’s and American College of Sports Medicine’s guidelines
for PA (<60 minutes of moderate-to-vigorous PA per day) and
not using physical interventions/treatments other than
medication prescribed for JIA pain relief or over-the-counter
medication; (7) capable of using and accessing the internet
weekly for the study duration; (8) no contraindications to
exercise (according to the treating rheumatologist); and (9)
ability to understand English. Participants will be excluded from
the study if they do not meet the inclusion criteria.

Interventions

Group A
Participants assigned to this group will be invited to complete
a yoga training program. The yoga training program, an
evidence-based educational program, is a structured
low-intensity Vishwas Raj [26]. This yoga program consists of
stretching, strengthening, meditation, and deep breathing and
has been shown to be acceptable and effective among adults
with RA. Participants will be asked to complete 3 individual
1-hour sessions per week for 12 consecutive weeks by watching
a previously filmed session led by a qualified yoga instructor
and posted on Facebook. They will also take part in a 1-hour
virtual group session per week using a video-conferencing
platform. Participants will also participate in weekly online
consultations with a research coordinator and discussions on
Facebook with other participants in group A. Finally,
participants will receive an electronic pamphlet on physical
exercise developed by the Arthritis Society. The electronic
pamphlet, which groups B and C will also receive, explains
how PA can help manage arthritis. It includes valuable tips and
a detailed list of the various types of PA and exercises.

Group B
Participants assigned to this group will receive the electronic
pamphlet on physical exercise and will be invited to complete
an aerobic dance program. The aerobic dance program is a
low-to-moderate intensity–level program and will also use a
video. The video, adapted for youths with JIA, was developed
with feedback from a JIA patient with experience in aerobic
dance and a physiotherapist with experience in pediatric
rheumatology. The aerobic dance program will have the same
characteristics in terms of frequency, total number of sessions,
and total duration as the yoga program (ie, three 1-hour
individual sessions and one 1-hour virtual group session per
week for 12 weeks). Participants will also participate in weekly
online consultations with a research coordinator and discussions
on Facebook with other participants in group B.

Group C
Participants assigned to this group will receive the electronic
pamphlet on physical exercise and will participate in weekly
online consultations with a research coordinator to discuss their
use of all types of PA in the past, the electronic pamphlet on
PA, and their future use of PA. They will also participate in
discussions on Facebook with other participants in group C.
After the completion of the study, the yoga and aerobic dance
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training videos will be available to all participants, including
those in the control group. In recruitment documents, this group
will be termed the electronic pamphlet group.

Outcomes
The feasibility of a full trial will be monitored throughout the
study (eg, randomization, recruitment and retention of
participants, data collection, and self-reported adherence). The
acceptability of the interventions will be assessed using online
questionnaires at the end of the study.

Clinical outcomes will be evaluated at baseline, weekly, and
postintervention (at 12 weeks) through the use of online
questionnaires in REDCap (Vanderbilt University). At baseline,
pain intensity, functional status, fatigue, and self-efficacy will
be assessed. Pain intensity and fatigue will be monitored weekly.
Finally, all of these outcomes as well as the patient’s global
assessment will be assessed postintervention. Outcomes were
selected based on a JIA core set of outcomes to assess in trials
[59]. Outcomes that were found to be essential include pain,
functional status, patients’ overall well-being (global
assessment), joint inflammation signs, and adverse events [59].
Other outcomes that were found to be important but not essential
include fatigue, joint stiffness, and PA [59]. Other outcomes
need more research to be endorsed, such as coping with the
illness, which is related to self-efficacy [59].

Recruitment
The recruitment of a convenience sample of 25 participants (in
a ratio of 2:2:1) will be performed at the Children’s Hospital of
Eastern Ontario (CHEO) Pediatric Rheumatology Clinic.
Rheumatologists at the CHEO Rheumatology Clinic will be
provided with the inclusion and exclusion criteria for the study.
During regular scheduled visits, treating rheumatologists will
identify and direct eligible participants with JIA (and their
parents) to the research coordinator who will explain the study
in detail. Eligible participants will be invited to complete a
screening questionnaire to ensure that they meet the study
selection criteria before central randomization. If eligible,
participants will be asked to sign either a consent form if they
are able to consent or an assent form and their parent/guardian
will be asked to sign a consent form. They will also complete
a questionnaire that will gather sociodemographic and medical
information as well as a validated questionnaire on participation
in PA. They will also be asked about their preference in terms
of PA.

Participant Allocation
Once informed consent is obtained, participants will be
randomly assigned to one of the 3 groups using the central
randomization scheme [60] and based on a sequence of
computer-generated random numbers using a blocking factor
(randomly varying between 6 and 9). The central stratified
randomization process will be based on age (between 13 and
15 years and between 16 and 18 years).

Before running the randomization program, the data manager
will document the participant’s initials (first and last names)
and date of birth (month and year). After running the program,
the data manager will prepare sealed opaque envelopes with the

group allocation and study ID number for each patient and will
provide it to the research coordinator. Participants will open the
sealed opaque envelope containing their group assignment and
a confidential link to access their Facebook group page where
further instructions can be found. The research coordinator will
explain the procedures related to the group assigned and will
ask participants to indicate their availability for an initial
individual online consultation as well as for virtual group
sessions. Participants will be asked not to change their usual
level of PA during the study except for following the program
to which they were assigned.

At the clinic, participants will complete a questionnaire that
will gather the following information:

• Sociodemographic information: partial date of birth
(month/year), age, gender, ability to understand English,
and ability to use and access the internet weekly for the
study duration.

• Medical information: diagnosis, partial date of diagnosis
(month/year), disease duration, presence of serious chronic
diseases (eg, cancer or other illnesses) or cognitive
impairments, presence of contraindications to exercise (as
determined by the treating rheumatologist), current use of
JIA-specific medication, anticipated change in JIA-specific
medication in the next 12 weeks, and use of physical
interventions/treatments other than the prescribed
medication for JIA pain relief and pain level when
performing regular activities. A chart review will help verify
this information.

• PA information: the amount of PA performed weekly using
a validated exercise log [61] and preferences in terms of
PA (eg, yoga, Zumba, or other types).

At baseline, all the participants will be asked to do the following:

1. Create a new Facebook account: All participants will be
asked to create an account specifically for the study and
select a username that is meaningful to them but does not
contain their first or last name, allowing them to remain
anonymous.

2. Access the group Facebook page: All participants will be
invited to access the link to their group Facebook page,
which they will be provided during their group assignment.
Participants will be invited to follow the REDCap link
provided on the Facebook page and answer baseline
questionnaires about their participation in PA, pain, morning
stiffness, functional status, fatigue, self-efficacy, and patient
global assessment. This will take about 20 to 30 min to
complete. The Facebook page will also contain the
electronic pamphlet on PA (for all groups), the exercise
videos (for groups A and B), and other information.

Following these steps, participants will be asked to complete
the training program:

Groups A and B:

• Participants will be invited via Facebook and email to attend
an individual online consultation with the research
coordinator using a videoconferencing platform. During
this consultation, participants can ask questions related to
their group assignment, voice their concerns, and establish
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a plan of action. For the remainder of the study duration,
participants will be encouraged to attend, when possible,
individual 10-minute online consultations weekly. During
these consultations, participants can provide their feedback
and discuss their use of the PA program as well as
facilitators and barriers to participating. Private meetings
are less difficult to schedule than group meetings and
provide greater privacy. They may also be more motivating
and less intimidating for participants who may feel their
voice really matters and has an impact.

• For the study duration, participants will be asked to
complete 3 individual exercise sessions as well as 1 virtual
group session each week. The links to the videos will be
posted on Facebook and sent by email for participants to
use for their individual exercise sessions. For group
sessions, the videoconferencing platform link will be posted
on Facebook and sent to participants via email. Virtual
group sessions will help ensure that they perform the
exercises that they observe in the video safely and that they
do not hurt themselves. They will also be able to see other
participants and be seen if they wish, which will be a
motivating factor to perform the PA. A schedule of virtual
group sessions offered in the morning or afternoon will be
posted on the Facebook group page or sent by email.

• Participants will be asked to record their PA using a
validated exercise log [61] as well as their pain intensity
and fatigue by completing a brief online questionnaire that
regroups valid instruments on a weekly basis. They will be
reminded to do so via Facebook, email, and during their
online consultations.

Group C: Participants will be invited via Facebook and email
to attend an individual online consultation with the research
coordinator using a video-conferencing platform. During this
consultation, participants can ask questions related to their group
assignment, voice their concerns, and discuss PA in general and
their plan for PA in the future. They will also be invited to
consult the electronic pamphlet on PA each week. For the
remainder of the study duration, participants will be encouraged
to attend, when possible, individual weekly 10-min online
consultations. During these consultations, participants can
discuss their use of PA, as well as facilitators and barriers to
participating in PA. Participants will be asked to record their
PA using a validated exercise log [61] as well as their pain
intensity and fatigue by completing a brief electronic
questionnaire that regroups valid instruments on a weekly basis.

Throughout the study, the Facebook pages will provide a means
of communication for participants who will be able to share
their experiences, post comments on the videos, and ask
questions of each other and the research coordinator. Access to
Facebook group pages will be restricted to study participants.
Adolescents who cannot or do not want (or are not granted
parental permission) to access Facebook will be given a link to
the CHEO webpage that will contain information related to the
study and their group. However, they will not be able to interact
(ie, leave comments or questions) using this platform.

At 6 and 12 weeks, all participants will be asked to complete
online questionnaires about the program that they were allocated
to as well as the acceptability of Facebook to deliver PA

programs. They will also be asked if they used any other PA
during the study. They will also complete online questionnaires
assessing their pain intensity, functional status, fatigue,
self-efficacy, and well-being (using a patient global assessment).
This will take about 20 to 30 minutes to complete.

As a compensation for the time given by participants, they will
receive a US $21.40 gift certificate for completing baseline
questionnaires and a US $21.40 gift certificate for completing
postintervention questionnaires. They will also receive a
personalized certificate of participation (community hours for
school).

Outcome Measures
The electronic questionnaires will be made accessible to all
participants on each group's Facebook page with a URL link or
on the CHEO webpage for those who do not wish to create a
Facebook account. Participants in groups A, B, and C will be
emailed the same URL link to access the questionnaires. Using
the wall on the Facebook page for all groups, or the CHEO
webpage, the research team will provide updates and reminders
to all participants regarding deadlines to complete the
questionnaires.

The following outcome measures will be used to answer the
primary objective:

1. Feasibility will be assessed by the recruitment rate, the
randomization process, and self-reported adherence and
measured using a questionnaire, as well as protocol
deviations, dropout rates, and percentage of missing data
in the questionnaires.
• Recruitment rate: The number of participants recruited

in the trial and the time used for recruitment will be
documented in a feasibility form. The number of
participants will be divided by the duration of
recruitment. This will be measured on a continuous
basis for up to 12 weeks.

• Randomization process: The ease at which the
randomization process is conducted will be described
by researchers in a feasibility form. This will be
measured on a continuous basis for up to 12 weeks.

• Number of protocol deviations: The number of protocol
deviations, the time at which they occur, the group in
which they occur, and the potential reasons for these
will be documented in a feasibility form. Participants
will be asked why they deviated from the protocol by
researchers using a feasibility form. This will be
measured on a continuous basis for up to 12 weeks.

• Dropout rates: The number of participants who dropped
out of the trial, the time at which they dropped out, the
group in which they belonged, and the reasons for these
will be documented in a feasibility form. Participants
will be asked why they dropped out by researchers.
The number of dropouts in each group will be divided
by the duration of the trial. This will be measured on
a continuous basis for up to 12 weeks.

• Percentage of missing data in the questionnaires: The
percentage of missing data in the questionnaires, the
time at which they occur, and potential reasons for
these will be documented in a feasibility form. This
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will be measured on a continuous basis for up to 12
weeks.

• Self-reported adherence: Self-reported adherence to
the training programs will be assessed by monitoring
the number and length of sessions and dividing the time
spent performing the program by the duration of
prescribed sessions of either yoga or aerobic dance.
Self-reported adherence will be recorded weekly using
an adapted online version of the validated 7-day PA
Report calendar (in minutes) [62]. This will be
measured each week for up to 12 weeks.

2. The acceptability of the yoga or aerobic dance interventions
will be assessed using a questionnaire-administered
postintervention. Questions will explore the acceptability
of online consultations, virtual group sessions, PA videos
(either yoga or aerobic dance programs), electronic
pamphlet, and training programs (content and duration of
the yoga and aerobic dance programs), as well as facilitators
and barriers to participating. This questionnaire will be
administered at 6 and 12 weeks.

3. The usability of Facebook will be assessed by the System
Usability Scale (SUS) [63,64]. The SUS is composed of 10
items using a 5-point scoring system ranging from Strongly
Disagree (a score of 1 out of 5 for each question) to Strongly
Agree (a score of 5 out of 5 for each question). The total
score ranges from 5 (low usability) to 50 (high usability).
The usability will be measured at 6 and 12 weeks.

4. The usability of the videoconferencing platform will be
assessed by the SUS [63,64]. The SUS is composed of 10
items using a 5-point scoring system ranging from Strongly
Disagree (a score of 1 out of 5 for each question) to Strongly
Agree (a score of 5 out of 5 for each question). The total
score ranges from 5 (low usability) to 50 (high usability).
The usability will be measured at 6 and 12 weeks.

5. The use of Facebook will be assessed by the number of
posts, live online discussions, and views of the videos. The
use will be measured at 6 and 12 weeks.

The following outcome measures will be used to answer the
secondary objective:

1. Pain intensity will be assessed using the electronic
Childhood Health Assessment Questionnaire (CHAQ)
100-mm pain VAS subscale [65]. It uses a scoring system
where 0 mm represents no pain and 100 mm represents
very severe pain the past week. This measure has already
been validated in the JIA population [65,66]. Pain intensity
will be measured at baseline, 6 weeks, and 12 weeks.

2. Participation in PA (level of PA) will be assessed by using
the electronic Physical Activity Questionnaire for
adolescents (PAQ-A) aged 14 to 18 years, a 7-day recall
instrument measuring the level of PA within the last 7 days
[67-69]. The PAQ-A is composed of 8 items using a 5-point
scoring system. The total score is calculated by taking the
mean score out of 5, with 1 indicating low PA and 5
indicating high PA. The PAQ-A has been reported to be a
valid and reliable measure of general PA levels in youths
and adolescents [67-69]. Participation in PA will be
measured at baseline, 6 weeks, and 12 weeks.

3. Participation in PA (duration and intensity) will be assessed
by using an exercise log, based on the 7-day PA Recall
calendar [62], which will be used weekly. The PA level
will be reported in terms of minutes and intensity levels (3
subscales: moderate, hard, and very hard intensity; subscale
total scores in minutes) and will be transformed into the
metabolic equivalent of tasks, which are units of the basal
metabolic rate and express the energy cost of PA.
Participation in PA will be measured at baseline, 6 weeks,
and 12 weeks.

4. Morning stiffness will be assessed by using electronic
self-reported questions asking about the presence (Yes/No)
and duration of morning stiffness in minutes. It will be
measured at baseline, 6 weeks, and 12 weeks.

5. Functional status will be assessed using the electronic
CHAQ. The CHAQ contains 8 domains (dressing/grooming,
arising, eating, walking, hygiene, reach, grip, and activities),
and items are scored using a 4-point Likert scale of 0 to 3,
where 0 represents the ability to perform the activity with
no difficulty, 1 represents the ability to perform with some
difficulty, 2 represents the ability to perform with much
difficulty, and 3 represents the inability to perform over the
past week. The mean of the 8 scores will determine the total
CHAQ score ranging from 0 to 3, with a lower score
indicating higher functional status and a higher score
indicating lower functional status. It is the most widely used
functional health status measure in JIA, which is a reliable
and valid tool for the functional, physical, and psychosocial
assessment of children with JIA [65]. It will be measured
at baseline, 6 weeks, and 12 weeks.

6. Fatigue will be assessed by using an electronic version of
a subset of the Patient-Reported Outcomes Measurement
Information System Pediatric Short Form version
1.0—Fatigue 10a [70], which measures fatigue and its
impact, scored from 1 to 5, where 1 represents never tired
and 5 represents almost always tired in the past week. It
will be measured at baseline, 6 weeks, and 12 weeks.

7. Self-efficacy will be assessed by using the Children’s
Arthritis Self-Efficacy Scale (CASE), a specific, valid and
reliable tool for JIA [71]. CASE is an 11-item self-report
scale that is divided into 3 concepts: activity, symptom, and
emotion. A 5-point Likert scale is used to rate responses
for each item, where 1 represents not at all sure and 5
represents very sure based on the confidence of the child
to manage disease effects. It will be measured at baseline,
6 weeks, and 12 weeks.

8. Patient Global Assessment will be assessed by using an
item used in the Juvenile Arthritis Quality of Life
Questionnaire (JAQQ). JAQQ was designed to assess
HRQOL in children aged 2 to 18 years JIA or juvenile
spondylarthritides [72-75]. JAQQ includes 4 subscales
(gross motor function, fine motor function, psychosocial
function, and systemic symptoms) as well as a pain and
patient global assessment. The patient global assessment
asks how youths have been since the last assessment (prior
week) on a 5-point Likert scale, scored from 1 to 5, where
1 represents much better and 5 represents much worse. It
will be measured at 6 weeks and 12 weeks.
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9. Disease activity will be assessed by using the active joint
count, the number of joints with active disease according
to the rheumatologist [1].

10. Adverse events will be reported by participants in answers
to open questions.

Data Analysis
Descriptive statistics, such as proportions, means, and standard
deviations, will be used to summarize the baseline and
end-of-study variables across the 3 study groups (groups A, B,
and C) and to assess the distributional assumptions of the
statistical techniques used. For the primary objective, data on
recruitment rate, randomization process, interventions, clinical
and ICT outcome measures, dropout rates, and adherence rates
for the interventions will be collected. For the secondary
objective, a repeated measures analysis of variance with the
fixed-factor study group (A, B, or C) and the within-factor
assessment time (0, 6, and 12 weeks) will be conducted to
compare groups for the clinical outcome measures at 0, 6, and
12 weeks. An intention-to-treat analysis will be conducted and
mixed model repeated measures will be considered to
accommodate missing data.

Sample Size Calculation for Future Full-Scale RCT
The current sample size is adequate for pilot studies involving
group comparisons to assess feasibility and to estimate the
variance to determine the sample size for a definitive trial [76].

Results

This pilot RCT has been funded by the Arthritis Health
Professions Association (AHPA). This protocol was approved
by the CHEO Research Ethics Board (#17/08X). As of May 11,
2020, recruitment and data collection have not yet started.

Discussion

Strengths
This multidisciplinary and multidimensional rehabilitation study
is a rigorous, accessible, single-blind, three-arm pilot RCT using
the prospective randomized open blinded endpoint design. It
involves web-based, innovative, accessible self-management
programs for adolescents with JIA similar to those used in
previous studies [41,77,78]. The first strength of this study
design is that it will include PA activities that are recommended
by several rheumatology organizations and may meet adolescent
females’ activity preferences. To our knowledge, this is the first
study to assess the effectiveness of aerobic dance and yoga on
pain management in female adolescents with JIA. It also aims
to reduce daily pain intensity and fatigue severity and improve
the functional status, self-efficacy, and PA adherence among
female adolescents with JIA. The second major strength of this
study is that it will use ICTs to deliver these activities and
information to youths. The rapid increase in eHealth will appeal
to young participants who are already consulting online
resources for self-management [79]. This design will be able
to overcome time, geographical, and financial constraints.
Furthermore, online questionnaires will increase the accessibility
and confidentiality of collected outcome measures.

The involvement of a research coordinator, who will be
mentored by a team of rehabilitation specialists, is a strength
of the study. Rehabilitation specialists play an essential role in
supporting community-based self-management programs
targeting youths living with chronic conditions, such as JIA
[16].

Separate Facebook group pages and individual online
consultations using a video-conferencing platform minimized
the potential risk of contamination between comparison study
groups. Central randomization is ideal for minimizing the
potential risk of biases. This proposed pilot RCT is necessary
to address the questions of clinical and scientific importance
for rehabilitation specialists in improving the health of female
adolescents with JIA through the use of PA-based interventions.

Challenges (or Weaknesses)
The blinding of participants is impossible in this type of study,
as is generally the case with physical rehabilitation RCTs [80].

There is an increased risk of Type 1 error, rejecting the null
hypothesis when it is actually true, due to the presence of
multiple outcomes (ie, multicollinearity). The results of this
study will likely only be generalizable to female adolescents
(ie, those aged 13 to 18 years) with JIA who consult at a
pediatric rheumatology clinic in a tertiary care center.

Due to financial limitations, we will use low-cost, accessible
ICTs. Although a virtual gym with a live PA instructor would
be ideal, participants will have access to recorded sessions led
by PA instructors and approved by rehabilitation specialists in
rheumatology and will receive support from a research
coordinator trained in PA at least once a week.

Hospital-based recruitment may attract more severe cases of
JIA. However, central randomization will be implemented as
it is ideal to minimize the potential risk of biases.

This study will examine the effectiveness of yoga among female
adolescents with JIA, as outcomes will be assessed at 12 weeks.

Population
To minimize the potential misclassification bias, rheumatologists
involved in this project will ensure that each participant enrolled
in this pilot RCT has a diagnosis of JIA, using ILAR criteria
[81].

Although participants cannot be blinded to the group assignment
given the nature of the intervention, the investigator who will
analyze the data will be blinded.

Intervention
Aerobic dance [30] and yoga exercise programs [26-28,58] are
promising for managing JIA pain in young women because they
are popular among female adolescents [23-25,30]. These
programs will be accessible and inexpensive through Facebook
and YouTube [51,79,82].

Comparator
The use of an electronic pamphlet control group is acceptable
as they will have access to Facebook and will have online
consultations on PA. Furthermore, participants will receive the
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same yoga or aerobic dance exercise videos that were offered
to the intervention groups after study completion.

Outcomes
Assessments will include a range of clinical outcome measures
validated in JIA. Although pain and other outcomes are
self-reported, they represent important unwanted symptoms that
have functional consequences that affect the activities of daily
living of youths with JIA. Furthermore, objective measures of
these symptoms are difficult to obtain. However, it is important
to be mindful that self-reported measures may lead to reporting
bias.

There is also the potential to include further measurements such
as PA level (using a questionnaire or an accelerometer) and
aerobic exercise testing (ie, assessment of submaximal oxygen
consumption: PWC170, physical working capacity at a heart rate
of 170 beats per min) to determine potential differences between
treatment arms in the full-scale RCT.

Time
The study duration will be 12 consecutive weeks. The frequency
and duration of the intervention is based on other trials of yoga
and PA interventions in pediatric and adult rheumatology. This
length is sufficient to see improvements among adolescents.

Providing participants with weekly online consultations with
the research coordinator and providing them with 1 virtual group
session each week will help ensure that the participants perform

the exercises properly and may also potentially facilitate
adherence.

If the proposed PA interventions are effective, we will produce
videos to enrich the People Getting a Grip program, an online
educational program comprising informational videos and
practical videos that provide information on various PA
programs for arthritis. These videos will also be freely available
on the Arthritis Society webpage and could eventually be used
for the full-scale RCT.

Conclusions
This pilot RCT has substantial potential to enhance our
understanding of the potential effectiveness of popular PA
interventions disseminated to patients with JIA using ICTs,
making it a novel study. This will help understand which PA
intervention has the most potential for improved outcomes. It
will also help determine whether these PAs and ICTs are
acceptable to youths with JIA and whether a larger trial would
be feasible. The proposed pilot RCT will contribute to the
knowledge of the effect of a specific functional activity on
self-reported pain relief, functional status, and self-efficacy as
well as PA adherence, daily pain, and fatigue intensity.

This study could also set the standard for community-based
care for female adolescents with JIA. Moreover, other
rehabilitation or functional interventions could be examined for
youths with other chronic diseases.
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Abstract

Background: Patients with ulcerative colitis (UC) often face complex treatment decisions. Although shared decision making
(SDM) is considered important, tools to facilitate this are currently lacking for UC. A recent pilot study of a novel Web-based
decision aid (DA), my Actively Informed Decision (myAID), has suggested its acceptability and feasibility for informing treatment
decisions and facilitating SDM in clinical practice.

Objective: This paper describes the study protocol of the myAID study to assess the clinical impact of systematic implementation
of myAID in routine UC management.

Methods: The myAID study is a multicenter, cluster randomized controlled trial (CRCT) involving 22 Australian sites that will
assess the clinical efficacy of routine use of myAID (intervention) against usual care without access to myAID (control) for UC
patients. Participating sites (clusters) will be randomly allocated in a 1:1 ratio between the 2 arms. Patients making a new treatment
decision beyond 5-aminosalicylate agents will be eligible to participate. Patients allocated to the intervention arm will view
myAID at the time of recruitment and have free access to it throughout the study period. The effect of the myAID intervention
will be assessed using the results of serial Web-based questionnaires and fecal calprotectin at baseline, 2 months, 6 months, and
12 months. A Web-based questionnaire within 2-4 weeks of referral will determine early change in quality of decision making
and anxiety (both arms) and intervention acceptability (intervention arm only).

Results: Study recruitment and funding began in October 2016, and recruitment will continue through 2020, for a minimum of
300 study participants at baseline at the current projection. The primary outcome will be health-related quality of life (Assessment
of Quality of Life-8D), and secondary outcomes will include patient empowerment, quality of decision making, anxiety, work
productivity and activity impairment, and disease activity. In addition, we aim to determine the predictors of UC treatment
decisions and outcomes and the cost-effectiveness of implementing myAID in routine practice. Feedback obtained about myAID
will be used to determine areas for improvement and barriers to its implementation. Completion of data collection and publication
of study results are anticipated in 2021.
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Conclusions: myAID is a novel Web-based DA designed to facilitate SDM in UC management. The results of this CRCT will
contribute new evidence to the literature in comparing outcomes between patients who routinely access such decision support
intervention versus those who do not, across multiple large inflammatory bowel disease centers as well as community-based
private practices in Australia.

Trial Registration: Australian New Zealand Clinical Trial Registry ACTRN12617001246370 http://anzctr.org.au/Trial/
Registration/TrialReview.aspx?ACTRN=12617001246370

International Registered Report Identifier (IRRID): DERR1-10.2196/15994

(JMIR Res Protoc 2020;9(7):e15994)   doi:10.2196/15994

KEYWORDS

shared decision making; decision aid; ulcerative colitis

Introduction

Background
Ulcerative colitis (UC) is a chronic disabling inflammatory
bowel disease (IBD). It affects about 40,000 people in Australia
[1], with its incidence and burden rising globally [2]. Although
half of these patients may be managed with 5-aminosalicylates
(5-ASAs) alone [3], the rest will face decisions about other
treatments that require long-term immunosuppression and even
colectomy. These decisions are complex because they involve
not only the identification of the best treatment strategy to
prevent symptoms and progression of the disease but also
consideration of the trade-offs of the available treatment options
that differ in their efficacy and potential risks, modes of delivery,
and dosing intervals. Therefore, patients’values and preferences
heavily influence treatment choice and adherence, and a more
collaborative and empowering approach to help navigate the
complex benefit-risk profiles of these treatment options is
important in guiding the decision-making process [4,5].

A recent survey confirmed that such a process of patient
engagement or shared decision making (SDM) is desired by
patients with UC [6]. SDM helps the doctor and the patient to
collaborate on management decisions, which can lead to
improved quality of life (QoL) and likelihood of achieving
health goals, while lowering the demand for health care
resources and improving patients’ health care experience [7].
Many health care organizations have embraced SDM as an
important part of health care standards and patient-centered care
[8-10].

Decision aids (DAs) are tools developed to facilitate SDM by
presenting patients with evidence-based information in a
patient-friendly format and encouraging active engagement in
the decision-making process. A recent Cochrane review
indicates that their use in other chronic diseases can improve
patient knowledge and reduce decisional conflict and the number
of patients remaining undecided or being passive in the
decision-making process [11]. With increasing acceptance and
familiarity of online tools, Web-based DAs are gaining
popularity [6,12,13].

Although using DAs use has the potential to facilitate SDM and
participatory medicine in UC management, their uptake and
application in clinical practice to date have been limited.
Available electronic health technologies have suffered from
high attrition rates [14], and patient and clinician perspectives

on the best approach to the use of these tools in routine clinical
practice remain poorly understood. A participatory health
research design to increase involvement of patients and
clinicians in their development and subsequent implementation
has been suggested as a potential way of increasing their
effectiveness and overcoming these limitations.

Recently, a new Web-based DA was developed for use in UC,
which, for the first time, includes an interactive video discussing
both medical and surgical treatment options in UC management,
with the aim of facilitating SDM. Patients and a
multidisciplinary panel of clinical experts were involved in its
design, with a rigorous evaluation process [15] and close
reference to the International Patient Decision Aids Standards
checklist [16]. Originally developed in the United States, the
DA was modified for use by an Australian audience in this study
and named myAID (for my Actively Informed Decision; Emmi
Solutions). A pilot study confirmed the acceptability of myAID
to both patients and clinicians as a feasible SDM tool for UC
management (Kim AH et al, unpublished data, 2020). To
investigate whether routine use of myAID to promote SDM
will translate to improvement of meaningful outcomes for
patients, we designed a national cluster randomized controlled
trial (CRCT) to test its efficacy against usual care. The CRCT
is hereafter referred to as the myAID study.

Research Objectives
The overall aim of this study is to assess the impact of
systematic use of myAID by eligible patients with UC on
patient-reported UC clinical outcomes over a period of up to
12 months. Specific objectives of this study are as follows:

1. Comparison of changes in health-related QoL (primary
outcome) from baseline to 6-month follow-up in patients
accessing myAID (intervention arm) versus patients
receiving usual care.

2. Comparison of differences in patient empowerment, quality
of decision making, anxiety, work productivity, and disease
activity including steroid use, hospital visits, and colectomy
(secondary outcomes) in patients accessing myAID versus
patients receiving usual care at the 6-month follow-up.

3. Determine the predictors of health literacy in patients with
UC and the relationship between health literacy, decisional
conflict, and treatment choices.

4. Determine the cost-effectiveness of implementing myAID
in routine practice.
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5. Investigate the views of study participants about myAID
and determine areas for improvement or barriers to
implementation in clinical practice.

Methods

Trial Design
The myAID study is a multicenter CRCT (see Figure 1) using
a parallel arm design. Sites will be randomly allocated in a 1:1
ratio between intervention (routine use of myAID) and control
(usual care without access to myAID) arms, with each site
constituting a single cluster. Patients managed privately by the

clinicians practicing at that site will also be grouped into the
same cluster. As the intervention requires viewing and
interacting with myAID, this is an open-label study with
participants and their treating clinician and team being aware
of their group allocation. Although only the patients, their
family, and clinicians allocated to the intervention arm will be
able to access and view myAID during the course of the study,
participants from both groups may access other resources either
sought independently or as recommended by their treating team,
such as printed or online resources via patient organization
websites. The use of such resources will be documented via
participant questionnaires.

Figure 1. myAID study flowchart. 5-ASA: 5-aminosalicylates; UC: ulcerative colitis; myAID: my Actively Informed Decision. *Decision consult, if
arranged, will be arranged within 2-4 weeks of referral. **Post decision consult (if arranged) or follow-up questionnaire to be completed within 2-4
weeks of referral.

Setting
This study will be undertaken at 22 sites in 5 of the 6 states in
Australia, including large public IBD clinics and
community-based private practices in urban and regional areas.

Patient enrollment commenced in October 2016, with 21 of the
22 sites currently enrolling participants. All data collection (all
participants) and viewing of myAID (intervention participants)
will be undertaken off-site.
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Study Population and Eligibility

Trial Inclusion Criteria
Patients presenting to the outpatient clinic at the participating
sites will be eligible if they (1) have a diagnosis of UC, (2) are
18 years or older, (3) need to make a new decision about their
UC management following a lack of response to (previous or
current) 5-ASA treatment, and (4) can consent and read the
myAID information online in English.

New decisions about management will have to specifically
involve discussions around dose escalation, addition or change
in treatment. This may include 5-ASA dose increase or addition
of either oral and topical treatment, addition or dose increase
of steroids, thiopurines, methotrexate, tofacitinib, and biologic
agents as well as discussion regarding better treatment
adherence. Consented patients could continue as study
participants if they underwent colectomy after study enrollment,
provided that this decision was made after baseline assessment
and viewing of myAID (for the intervention group).

Trial Exclusion Criteria
The exclusion criteria will be as follows:

1. New diagnosis of UC (diagnosis within 4 weeks before
referral) or no prior experience with 5-ASA

2. Lack of need for treatment escalation, addition or change
in treatment (including patients who have already undergone
colectomy at the time of referral),

3. Current episode of acute severe colitis requiring inpatient
treatment

4. Not having access to a computer with internet outside of
the clinic.

Study Procedure

Randomization
Given the cluster randomization design, all patients are allocated
to either the intervention or control arm depending on the
allocation of their referring site. When this project was
conceptualized, block randomization was used to randomly
allocate the original 14 invited sites equally into the intervention
and control groups. Since the beginning of the study, 8

additional sites have joined recruitment and were allocated in
pairs to the intervention or control group using predetermined
block randomization, stratified by size and practice type. The
block randomization was developed by the team statistician
(JD), and the master copy, which informs the group allocation
of site pairs, is held by the only investigator who is not directly
involved in any study-related contact (eg, recruitment) or clinical
care of participants (AG). Sites were informed of their allocation
only after study approval by their local ethics governance.

Intervention—my Actively Informed Decision
The development, key features, and feasibility testing of the
myAID intervention were previously described in a pilot study
(Kim AH et al, unpublished data, 2020). In brief, myAID (Emmi
Solutions) is a Web-based multimedia DA incorporating an
interactive video (Figure 2), which has been designed to help
prepare viewers for decision making about their UC treatment.
Its content has been structured to deliver information aimed at
improving the viewer’s understanding of UC as well as the
available medical and surgical treatments, including their
potential benefits and risks, and to elicit the viewer’s treatment
goals and preferences through a series of interactive questions.
The current version is accessible using a computer with an
internet connection but is not downloadable or accessible on a
mobile device. It takes approximately 32 min to view
uninterrupted, with the actual time varying with content watched
and time taken with interactive elements.

Patients (and their invited family members) allocated to the
intervention arm will have free access to myAID during the
period of the study through their designated URL, which will
be provided to them upon completion of their baseline
Web-based questionnaire. They will be able to view myAID at
any location using a computer, provided there is internet access.
All patients will confirm their first complete viewing of myAID
via their Web-based questionnaire. Patients will report any
technical issues with regard to access or use of myAID via email
for assistance by the research team. myAID access by these
study participants will also be tracked by Emmi Solutions and
reported back to the myAID study group on a monthly basis.
The treating clinicians allocated to the intervention arm will
similarly have free access to myAID during the study period.
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Figure 2. Screenshots of myAID (myAID@2015 Emmi Solutions, LLC). myAID: my Actively Informed Decision.

Recruitment and Informed Consent
Patients who are eligible for the study will be identified by their
respective consultant gastroenterologist who will obtain verbal
consent (or written consent, if specifically required by their
local ethics governance) for the interested patient’s contact
details to be forwarded onto the myAID study group. Referred
patients will then receive a study invitation email with an
attached electronic participant information booklet, followed
by a phone call from the study research assistant to confirm
receipt of the study information and provide a verbal explanation
of the study. A chance to win an Aus $200 (US $123) gift
voucher will be used as an incentive for participation and
completion of questionnaires. Those who wish to proceed will
then be sent a further email with their unique study ID and a
URL, which they will use to provide online consent and
complete the baseline questionnaire and a laboratory request
form for fecal calprotectin (FC) testing within 3 weeks from
the time of the referral to the study. Patients who did not comply
with the required timeframe can be re-referred provided they
still meet the study inclusion criteria.

Study Flow and Data Collection
All patients completing their baseline Web-based questionnaire
will be entered into the study database and continue to be
followed up by the myAID study group for 12 months unless
they withdraw their consent. All participating sites will continue
to provide usual care, although we will ask that a brief
follow-up, either in the form of a face-to-face or telephone
consultation (referred to as a decision consult), be arranged at
2-4 weeks after patient referral to the study if possible. Although
not mandated for the study, this was felt to be important by
clinicians in our pilot study to facilitate SDM.

Web-based questionnaires (using the SurveyMonkey platform)
are administered to study participants at baseline, 2-4 weeks
(or following the decision consult if arranged), 2 months, 6
months (primary and secondary outcome assessment), and 12
months (long-term impact). Table 1 summarizes the outcome
measures captured at each timepoint. Study participants will be
sent a URL for the questionnaires via email at each of these
time points, as this was deemed acceptable and feasible from
the pilot study (Kim AH et al, unpublished data, 2020).
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All participants will be asked to submit their stool samples at
baseline, 2 months, 6 months, and 12 months. Each site will
provide the study participant with a preassembled stool sampling
kit at the time of referral. Study participants will be asked to
submit their samples to their local Sonic Healthcare pathology
laboratory (nationwide pathology provider owned by Sonic
Healthcare Limited), where the FC will be measured using a
quantitative fluoroenzyoimmunoassay (EliA Calprotectin 2;
Thermo Fisher). Participants residing outside of Adelaide in
South Australia will use the SA Pathology laboratory (statewide
pathology provider for the public health sector in South

Australia) that uses the same assay for FC testing. Participants
who do not have access to either of these labs will be asked to
submit their samples to an alternative local pathology lab. All
FC measurements will be performed according to the
manufacturer’s instructions without knowledge of patient data.
Concentrations will be expressed as micrograms per gram of
stool.

We will accept patient referrals until 2020 to reach our target
recruitment sample and follow-up participants for up to 12
months, thereby completing data collection in 2021.

Table 1. myAID study outcome measures.

12 months6 months2 monthsWithin 4 weeksBaseline (within 3 weeks of referral)Outcome measures

✓✓✓N/Ab✓aAssessment of Quality of Life-8D

✓✓✓N/A✓Health Education Impact Questionnaire

✓✓✓N/A✓Health Literacy Questionnaire

✓✓✓✓✓Decisional Conflict Scale

✓✓✓✓✓Trust in Physician Scale

✓✓✓✓✓Hospital Anxiety and Depression Scale-Anxiety

✓✓✓N/A✓Simple Clinical Colitis Activity Index

✓✓✓N/A✓Fecal calprotectin

✓✓✓N/A✓Clinical outcomes

✓✓✓N/A✓Work productivity and activity index

N/AN/AN/A✓N/AmyAID acceptability

a✓: included.
bN/A: not applicable.

Measures

Patient Demographics, Disease, and Treatment
Characteristics

Upon consenting, all patients will complete a Web-based
questionnaire to provide the following:

1. Socioeconomic data—age, gender, ethnicity, postal code,
language spoken at home, relationship, education,
employment and smoking status, and health insurance
coverage.

2. Clinical data—time since diagnosis, disease extent, previous
hospital visits and admissions for UC, comorbidities,
UC-related surgical history, previous and current treatment
history including systemic corticosteroid use, main setting
for clinical care (public vs private), and access to an IBD
nurse.

Review

Outcome Measures

The primary outcome for the study is QoL as measured by the
35-item Assessment of Quality of Life-8D (AQoL-8D) [17].
AQoL-8D is a health-related multi-attribute utility QoL
instrument that measures 8 dimensions within 2
super-dimensions: Physical (independent living, pain, and
senses) and psychosocial (mental health, happiness, coping,
relationships, and self-worth). AQoL-8D has previously been

used in economic evaluation studies in both Crohn disease (CD)
[18] and UC [19]. Each item is scored on a 4- to 6-point Likert
scale based on a recall period of 7 days, and these are reduced
to a single utility score using an algorithm that also generates
an index number for each of the 8 dimensions and for the 2
super-dimensions.

The secondary outcomes for the study are as follows:

1. Empowerment. This will be measured by the Health
Education Impact Questionnaire 3.0 (heiQ) [20] using 4 of
its dimensions (32 items): positive and active engagement
in life, constructive attitudes and approaches,
self-monitoring and insight, and emotional well-being.
Items are recorded on a 4-point Likert scale from 1 to 4,
where 1=strongly disagree and 4=strongly agree. The items
in each dimension are summed, and the sum is divided by
the number of items to generate a score for each dimension.
The heiQ was developed to assess the outcomes of patient
education programs, with higher scores indicating better
self-management and knowledge, except for the emotional
well-being scale, which is reversed.

2. Health literacy. This will be measured by the 44-item
Health Literacy Questionnaire (HLQ) [21]. The HLQ covers
9 domains, each consisting of 4 to 6 items measured on
either 4- or 5-point Likert scales. There is no one overall
summative score; the score for each domain is generated
by following a computerized algorithm using SPSS or
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Microsoft Excel. The included domains capture how the
patients engage, access, and use health information and
services and provide an opportunity for reflection of the
quality of health and social service provision.

3. Quality of decision making. This will be measured by the
16-item Decisional Conflict Scale (DCS) [22] and the
11-item Trust in Physician Scale (TPS) [23]. DCS measures
uncertainty in making a choice, modifiable factors
contributing to the uncertainty, and perceived effective
decision making, with a score of 1 indicating low decisional
conflict and 5 indicating high decisional conflict. All items
are based on a 5-point Likert scale ranging from strongly
disagree to strongly agree. Total scores and subscale scores
can be summed, divided by the number of items, and then
converted to a 0 to 100 scale. TPS, on the other hand,
measures the degree of interpersonal trust in a physician
with regard to dependability, confidence, and confidentiality
of information. All items are scored on a 5-point Likert
scale ranging from strongly agree (5) to strongly disagree
(1), and a summary measure of trust can be obtained by
taking the unweighted mean of the responses (negatively
worded items are reverse-scored) and transforming that
value to a 0 to 100 scale.

4. Anxiety. This will be measured by the 7-item Hospital
Anxiety and Depression Scale-Anxiety (HADS-A) [24].
The HADS-A is a self-assessment mood scale scored on a
4-point Likert scale and reported as a sum score ranging
from 0 to 21, with a higher score indicating a greater level
of anxiety symptoms.

5. UC disease activity. This will be measured by the
patient-reported 13-item Simple Clinical Colitis Activity
Index (SCCAI) [25] and FC. SCCAI is a symptom-based
clinical score for UC with a score range of 0 to 19, with a
higher score indicating greater disease activity. Although
originally intended for clinician use, recent studies have
allowed patients to complete the SCCAI themselves [26,27].
FC is an increasingly accepted biomarker for the assessment
of disease activity in IBD. The upper limit of the normal
range of FC in patients without gut inflammation is well
defined as less than 50 µg/g [28].

6. Clinical outcomes. These will be captured by 4 items
included in the Web-based questionnaire asking patients to
report on their use of systemic corticosteroids, need for
UC-related surgery, emergency department visits, and
hospital admissions. Responses to these items will be used
to initiate chart reviews for validation and to calculate: (1)
proportion of patients taking steroids, (2) proportion of
patients requiring surgery, and (3) number and days of
unplanned emergency department visits and hospital
admissions.

7. Work productivity. This will be measured by the 6-item
Work Productivity and Activity Impairment questionnaire
(WPAI) [29]. The WPAI measures 4 domains of the impact
of disease on impairment in work or other activities
(absenteeism, presenteeism, overall work productivity loss,
and activity impairment). It is self-reported using a 1-week
recall period, and domain scores are expressed as percentage
of impairment, with higher scores indicating worse
work-related outcomes.

8. Acceptability of myAID. This will be measured by a
Web-based questionnaire at 2 to 4 weeks from the time of
referral (or following the decision consult if arranged) for
the intervention group. We will seek intervention group
participants’ views about the ease of viewing myAID,
adequacy of its content, optimal timing for receipt of
myAID, and the extent to which it facilitated understanding
of their condition and the available treatment options, and
ultimately, whether it aided in the discussion of treatment
with their clinician. We will also determine whether
additional resources were sought or prescribed and whether
a decision consult was considered necessary in the
decision-making process.

Patients who undergo colectomy during the study will complete
a modified questionnaire that does not include the SCCAI and
will no longer submit stool samples for FC measurement.

Trial Management
The myAID study group, consisting of 2 gastroenterologists, 1
IBD clinical nurse consultant, 1 psychologist, and 1 research
assistant, provides day-to-day oversight of the trial and meets
at 1 to 2 weekly intervals to address any queries regarding the
patient’s eligibility at the time of referral or logistical issues
raised by participating sites. Each study site will have 1 lead
clinician to oversee local patient referral activity and act as the
liaison for the myAID study group, but sites will not be directly
involved in any patient consent, data collection, or follow-up
procedures, which will be entirely managed by the myAID study
group. The myAID study group will not be involved in any test
result interpretation, for example, colonoscopy or FC, treatment
decisions, or advice about management, and any such queries
from participants will be forwarded directly to the treating team.

Safety Monitoring and Reporting
As the intervention in this trial does not include drug treatment
or procedures, we do not anticipate any safety issues, although
we will keep track of the treatment options being selected based
on study participants’ reports.

Withdrawal
Study participants will be able to withdraw from the study
whenever they wish without giving a reason and without
affecting their care. We will document their reasons for
withdrawal if provided as well as any feedback regarding
myAID. If a participant misses 1 assessment, we will encourage
them to continue the study and complete the subsequent
questionnaires and FC testing at the designated time points.
Patients who undergo colectomy during the study period will
remain in the study unless they specifically choose to withdraw.
Data collection from these patients will be altered as previously
described.

Data Management and Record Keeping
The data acquired during the study will be coded and stored as
deidentified data on a secure, password-protected computer
located at the Ingham Institute for Applied Medical Research
and accessed over a secure, virtual private network. Only the
members of the myAID study group not directly involved in
the participant’s care will have access to identifiable data except
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for the results of the FC, which will be forwarded directly to
the referring clinicians.

Sample Size and Power
The myAID study design is based on an assumption of 0.5 SD
difference between the intervention and control groups for the
primary outcome of QoL using the AQoL-8D utility score at 6
months. This estimate fares well with the published study by
Gibson et al using AQoL-8D, which identified the scores
between those in clinical remission and those with active UC
[19]. The sample size has been adjusted for the design effect
due to the cluster randomization assuming unequal cluster sizes
and can accommodate an intraclass correlation coefficient (ICC)
as high as 0.05 to achieve 80% power. Adjusting for this ICC,
the estimated required sample size for the full study is 238
patients (119 per group), which will require a minimum of 14
clusters for sufficient recruitment. Assuming 70% of eligible
patients consent to study participation and a loss to follow-up
rate of 20% at the 6-month end point, we then aim to approach
a minimum of 426 patients (213 per group) and recruit 298
patients at baseline.

Analysis

Missing Data

General Principles

We will exclude patients for whom only baseline data has been
collected. To remain within the primary outcome analysis,
patients will need to have completed the Web-based
questionnaires across at least three time points (including
baseline measures). For each measure, we will summarize the
frequency of missing data and assess how this affects the
effective sample size and statistical power. If systematic issues
are identified, the study statistician and the chief investigator
will discuss the findings. Otherwise, appropriate statistical
imputation methods will be used to address missing data.

Internal Imputation Within a Questionnaire

None of the questionnaires has an official algorithm for imputing
individual missing answers. Given the design of the Web-based
questionnaire and the results of the pilot study, we anticipate
very few patients providing incomplete responses. Any
incomplete questionnaires will be immediately flagged on the
Web-based platform, and the patient will be contacted to request
completion within the designated period. To additionally reduce
missing data and make good use of available information, we
will impute missing responses within the included measures
and will use multiple imputation methods to achieve this
depending on the frequency of missing data.

External Imputation of Outcome Measures

If the entire questionnaire at a specific time point is missing,
we will impute missing scores by appropriate regression models
using all available values of that score at other time points for
the individual and other participants belonging to the same
allocated group. We will also consider using other predictors
from patient demographics and disease activity, although they
may only play a limited role in predicting missing values.

Outcome Data Analysis

The primary analysis will be by intention to treat and conducted
using multilevel models to account for the correlation of
outcomes within a cluster (site). For the primary outcome, the
dependent variable will be the AQoL-8D utility score and the
exposure variable will be the intervention status (intervention
vs control). The unit of analysis will be at the patient level to
accommodate the weighting required by unequal cluster (site)
sizes. Other independent variables will be added to the models
if they are independently associated with AQoL-8D. Multilevel
models will also be used to evaluate secondary outcomes.

Multilevel models will further be used to analyze each of the
health literacy scores, adjusting for the participant’s age,
ethnicity, educational/work status, location (rural vs urban),
insurance status, and health status including anxiety and disease
activity. All statistical analyses will be performed using SAS
9.4 (SAS Institute).

Health Economics Analysis

We will evaluate the additional costs and health outcomes of
myAID intervention compared with usual care from the
perspectives of the Australian health care system and society
within the trial period. This will include all direct costs related
to UC, cost of delivering the intervention over 12 months,
downstream costs due to selected treatment, hospital visits, and
health care utilization and all indirect costs related to the
productivity of the participants. Unit costs for health care
utilization and medication use will be estimated from chart
reviews and linkage to the Medicare Benefits Schedule and the
Pharmaceutical Benefits Scheme national databases.
Participants’ total health care cost will be the aggregation from
the number of services used by the unit cost for the service plus
medication costs. All costs will be expressed in 2016 Australian
dollars (Aus $) and effects in quality-adjusted life years
(QALYs). The AQoL-8D will provide utilities for the estimation
of QALYs in the cost-utility analysis. WPAI will provide an
estimation of the indirect cost. No discounting will be applied
as follow-up is for 12 months only.

Patient and Public Involvement
We received input from patients and clinicians from a feasibility
pilot study, which guided the design of this study and confirmed
the suitability of the intervention, as assessed by patients
themselves and by clinicians. The research question and outcome
measures were influenced by reviewing other clinical studies
examining the role of SDM in patients with IBD, including a
similar study assessing the use of a DA in CD. Patients were
not involved in the decision of the research question or outcome
measures. Patients will not be involved in the recruitment of
participants or the conduct of the study. We will gather
information about the acceptability of the intervention through
a Web-based questionnaire, as part of the study. We plan to
disseminate the results of the research to study participants and
to the rest of the community through national and international
conferences and via publications in peer-reviewed journals.

Ethics and Dissemination
The completed pilot study and this CRCT were approved by
the Human Research Ethics Committee of South Western
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Sydney Local Health District (HREC/15/LPOOL/358) and
relevant site-specific ethics committees. We will report the study
findings in accordance with the Consolidated Standards of
Reporting Trials guidelines, with appropriate acknowledgment
and/or authorship for those who have worked on the trial (as
per journal authorship guidelines).

Results

Study recruitment and funding began in October 2016, and
recruitment will continue through 2020 at the current projection
to ensure adequate numbers are recruited to both arms.
Completion of data collection and publication of study results
are anticipated in 2021.

Discussion

With increasing complexity of treatment choices, supporting
SDM and effective communication in UC management have

become even more important. Studies on other chronic diseases
suggest that the use of DAs may be beneficial to both facilitate
SDM and improve communication, although there has been
only limited experience in UC. Even if available, to implement
such a tool on a wider scale, more evidence is required regarding
its potential usability, efficacy, and cost-effectiveness.

The results from the myAID study will, therefore, contribute
important new evidence to the literature, with comparison of
outcomes between patients who routinely access myAID and
those who do not, across multiple large IBD centers as well as
community-based private practices in Australia. Furthermore,
it will provide insight into the decision-making process utilized
by Australian patients with UC using specifically designed
questionnaires measuring health literacy, empowerment, and
quality of decision making. Information gathered from the study
will then be used to guide further revisions of the myAID tool
and its wider implementation to the rest of Australia and
internationally, to support SDM and provide better outcomes
for patients with UC.
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Abstract

Background: Hydroxyurea prevents disease complications among patients with sickle cell disease (SCD). Although its efficacy
has been endorsed by the National Health Lung and Blood Institute evidence-based guidelines, its adoption is low, both by patients
with SCD and providers. Mobile health (mHealth) apps provide benefits in improving medication adherence and self-efficacy
among patients with chronic diseases and have facilitated prescription among medical providers. However, mHealth has not been
systematically tested as a tool to increase hydroxyurea adherence nor has the combination of mHealth been assessed at both
patient and provider levels to increase hydroxyurea utilization.

Objective: This study aims to increase hydroxyurea utilization through a combined two-level mHealth intervention for both
patients with SCD and their providers with the goals of increasing adherence to hydroxyurea among patients and improve
hydroxyurea prescribing behavior among providers.
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Methods: We will test the efficacy of 2 mHealth interventions to increase both patient and provider utilization and knowledge
of hydroxyurea in 8 clinical sites of the NHLBI-funded Sickle Cell Disease Implementation Consortium (SCDIC). The patient
mHealth intervention, InCharge Health, includes multiple components that address memory, motivation, and knowledge barriers
to hydroxyurea use. The provider mHealth intervention, Hydroxyurea Toolbox (HU Toolbox), addresses the clinical knowledge
barriers in prescribing and monitoring hydroxyurea. The primary hypothesis is that among adolescents and adults with SCD,
adherence to hydroxyurea, as measured by the proportion of days covered (the ratio of the number of days the patient is covered
by the medication to the number of days in the treatment period), will increase by at least 20% after 24 weeks of receiving the
InCharge Health app, compared with their adherence at baseline. As secondary objectives, we will (1) examine the change in
health-related quality of life, acute disease complications, perceived health literacy, and perceived self-efficacy in taking hydroxyurea
among patients who use InCharge Health and (2) examine potential increases in the awareness of hydroxyurea benefits and risks,
appropriate prescribing, and perceived self-efficacy to correctly administer hydroxyurea therapy among SCD providers between
baseline and 9 months of using the HU Toolbox app. We will measure the reach, adoption, implementation, and maintenance of
both the InCharge Health and the HU Toolbox apps using the reach, effectiveness, adoption, implementation, and maintenance
framework and qualitatively evaluate the implementation of both mHealth interventions.

Results: The study is currently enrolling study participants. Recruitment is anticipated to be completed by mid-2021.

Conclusions: If this two-level intervention, that is, the combined use of InCharge Health and HU Toolbox apps, demonstrates
efficacy in increasing adherence to hydroxyurea and prescribing behavior in patients with SCD and their providers, respectively,
both apps will be offered to other institutions outside the SCDIC through a future large-scale implementation-effectiveness study.

Trial Registration: ClinicalTrials.gov NCT04080167; https://clinicaltrials.gov/ct2/show/NCT04080167

International Registered Report Identifier (IRRID): DERR1-10.2196/16319

(JMIR Res Protoc 2020;9(7):e16319)   doi:10.2196/16319

KEYWORDS

sickle cell anemia; digital medicine; adherence; hydroxycarbamide; RE-AIM; implementation science; health innovation; mobile
phone

Introduction

Sickle Cell Disease and Hydroxyurea Therapy
Sickle cell disease (SCD) is a genetic disorder affecting
approximately 100,000 Americans [1]. The effects of SCD are
devastating, including severe acute and chronic pain, cognitive
disability, renal failure, and lung disease. In controlled clinical
trials, hydroxyurea reduces SCD complications (acute pain and
acute chest syndrome events) and costs [2-5]. In uncontrolled
population studies, hydroxyurea reduces hospitalizations and
mortality, supporting the effectiveness of hydroxyurea outside
of research studies [6-11]. Hydroxyurea is prescribed in a
once-daily dosing, and blood counts are monitored every 1 to
3 months and titrated to reach a maximum tolerated dose defined
by mild, reversible myelosuppression [12]. Given the evidence
of its benefit, in 2014, the National Institutes of Health/National
Heart, Lung, and Blood Institute (NHLBI) released guidelines
recommending the use of hydroxyurea [13].

Hydroxyurea Underutilization and Efforts to Improve
Its Use
Despite overwhelming evidence of its positive effects,
hydroxyurea is vastly underutilized [14,15]. In analyses
conducted using Medicaid claims data, fewer than 50% of adults
were ever prescribed or initiated hydroxyurea, and only about
30% of those who initiated treatment achieved adequate
adherence levels [16-19]. Among children, adherence was
higher; however, the number of children who were prescribed
hydroxyurea was low [20-22]. Barriers to prescribing
hydroxyurea include providers’ reluctance due to lack of
knowledge about the drug and appropriate dosing, low patient

acceptance due to insufficient knowledge or misconceptions
about risks and benefits, and forgetfulness leading to poor
adherence [14,15,20,23-28]. Patient forgetfulness related to
daily hydroxyurea use is a common barrier [29] and may be
exacerbated by the prevalence of cognitive dysfunction in
patients with SCD, including working memory deficits and low
motor processing speed [30-32]. Additionally, negative
perceptions toward hydroxyurea are strongly associated with
lower adherence to this medication [33]. Among prescribers,
the anticipation of poor patient adherence dissuades medical
providers from prescribing hydroxyurea [19,20,34].

Improved adherence to hydroxyurea achieves higher fetal
hemoglobin (HbF) levels (thereby decreasing polymerization
of the sickle hemoglobin), fewer hospital admissions, a higher
health-related quality of life, and reductions in health care costs,
resulting in major improvements in overall clinical outcomes
[35,36].

In an effort to address the underutilization of evidence-based
recommendations, including that of hydroxyurea, the NHLBI
established the Center for Translation Research and
Implementation Science in 2014 [37], and in 2016, the NHLBI
funded the SCD Implementation Consortium (SCDIC) [38].
The goal of the SCDIC is to support multilevel and
multicomponent interventions to address the quality gap in the
delivery of evidence-based treatments for patients with SCD
between the ages of 15 and 45 years (when the gap in care
delivery is the greatest) employing implementation science
strategies. The Integration of mHealth into SCD Care to Increase
Hydroxyurea Utilization study is one of the planned multicenter
studies within the SCDIC that utilizes the implementation

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e16319 | p.154https://www.researchprotocols.org/2020/7/e16319
(page number not for citation purposes)

Hankins et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/16319
http://www.w3.org/Style/XSL
http://www.renderx.com/


science framework and evaluation strategies to increase the
adaptation and dissemination of evidence-based treatments
among individuals with SCD.

Mobile Health Technology and Its Potential for Sickle
Cell Disease Care and Hydroxyurea Utilization
The existing body of research provides support for mHealth
interventions to improve treatment adherence across a variety
of chronic conditions, including SCD [39-42]. Among patients
with SCD, approximately 85% to 97% of patients own
smartphones [29,43], and some use this technology to monitor
pain [44,45].

Preliminary studies suggest that mHealth interventions can
specifically be used to improve hydroxyurea adherence. In
children with SCD, the use of text message reminders combined
with direct-observed therapy (via video recording) and financial
incentives for 6 months significantly increased hydroxyurea
adherence and hematologic markers [46,47]. In a study of 81
adolescents with SCD who received text messaging to improve
hydroxyurea adherence, significant increases in relevant
hematological indices (HbF, mean corpuscular volume [MCV],
hemoglobin [Hb]) and significant reduction of hemolysis
markers (absolute reticulocyte count [ARC], bilirubin, and
lactate dehydrogenase [LDH]) were observed [43]. Collectively,
these findings suggest that hydroxyurea use can be improved
with the use of mHealth via improved adherence. A systematic
review of mHealth apps for SCD has confirmed these findings
but observed that the sample size of most studies was not large,
and the studies were mostly observational or retrospective [42].

mHealth is also increasingly used to aid physicians in their
medical decision making [48] and to facilitate consultations

with other providers and experts in their areas of expertise
[49,50], highlighting the broad applicability of mHealth, not
only for patients but also for medical providers. In a survey of
health care providers, more than 70% of physicians had
smartphones, and 77% of nurses and doctors used medical apps
[51]. The ease of access and increasing familiarity with apps
has led to a growing focus on developing disease-specific
medical apps for health care providers.

Logic Model of Change to Increase Hydroxyurea
Utilization
We conceptualized a logic model that guided the development
of mHealth apps to foster hydroxyurea utilization among patients
and improve provider prescribing behaviors. This logic model
used intervention mapping methods to develop and adapt
behavioral models for testing mHealth as an intervention to
increase hydroxyurea use. Intervention mapping is a systematic
framework for developing, implementing, and adapting theory-
and evidence-based interventions [52]. Using the knowledge of
barriers to the uptake and adherence to hydroxyurea therapy,
we mapped the determinants of hydroxyurea utilization (Figure
1). These determinants are hypothesized to drive the behaviors
involved in patients’ and providers’ use of hydroxyurea and
correspond to the barriers of hydroxyurea use that were
identified through literature review and the results of a needs
assessment within the study participating sites. Importantly, the
patient and provider interventions were developed and aimed
at the determinants that could affect the behavior involved in
taking and prescribing hydroxyurea; the ultimate goal (the
behavioral outcome) is to foster greater patient adherence to
hydroxyurea (Figure 1).
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Figure 1. Logic model of change to increase hydroxyurea utilization. This logic model maps all barriers identified by literature review and needs
assessment analysis, with a focus on the determinants of the behaviors to hydroxyurea use. The intervention addresses the determinants of hydroxyurea
use at both the patient and provider levels. If this two-level intervention is successful, hydroxyurea utilization will increase, as reflected by increased
hydroxyurea adherence, resulting in improved health-related quality of life and reduction in acute health care utilization.

Hydroxyurea Adherence Behaviors for Patients
To guide the development of the mHealth app for patients, we
used the health belief model (HBM) as the framework [53] for
behavioral change. The HBM explains health behaviors and
focuses on the attitudes and beliefs of individuals. The
health-related action driving the increased use of hydroxyurea
includes 5 constructs: perceived susceptibility, perceived
severity, perceived benefits, perceived barriers, and self-efficacy.
Notably, these 5 constructs represent modifiable factors that,
together, can influence the increased use of hydroxyurea. The
patient intervention focuses on these 5 constructs as the specific
mechanisms to address the change in behavior (ie, medication
adherence).

Behavioral Model for Mobile Health Utilization Among
Medical Providers
The acceptance of new technology by users, including new
mHealth innovations, determines its successful adaptation and,
therefore, its intended effects. The perceptions of health care
professionals regarding their ability to use mobile health care
systems to accomplish a health care task is an important
determinant that should also be considered when new technology
is implemented. The technology acceptance model [54,55] is a

conceptual model that explains the intent to use new information
technology (eg, mHealth) or information science among users,
including medical providers. Perceived usefulness, perceived
ease of use, compatibility, and mobile health care systems
self-efficacy are the most important determinants of the behavior
intent of providers [56]. We considered all of these drivers and
assessed them in the context of the hydroxyurea prescriber to
develop the provider HU Toolbox as follows:

• Perceived usefulness: SCD providers require concise
information to support clinical decision making while
prescribing hydroxyurea.

• Compatibility: The previous experience SCD providers
have in using mobile technology was considered.

• Perceived ease of use: The perception of SCD providers
that mobile technology can be integrated with their
electronic health system and their daily clinical routine.

• Mobile health care systems self-efficacy: SCD providers’
perception that mHealth could help with the task of
prescribing hydroxyurea.

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e16319 | p.156https://www.researchprotocols.org/2020/7/e16319
(page number not for citation purposes)

Hankins et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Description of the Mobile Health Interventions

InCharge Health Mobile App

InCharge Health was developed using a user-centered design
approach, in which the patients’ input in its development was
obtained through an iterative process that started with a
design-thinking session, followed by surveys and interviews
that investigated barriers and facilitators of hydroxyurea use
and preferences for its use [57]. A prototype was developed and
further refined using information derived from focus groups
with patients with SCD.

The InCharge Health mobile app includes several features to
increase patient engagement, including the following: (1) daily
customizable text message reminders that can be sent if the

patient is hospitalized, (2) a daily recording of hydroxyurea
adherence and pain score, (3) a 7-day streak that tracks daily
adherence and graphing of adherence against pain symptoms,
(4) a communication feature that allows the patient to connect
to the health care provider and other patients, and (5) an
education bank that provides information about SCD and
hydroxyurea risks and benefits in layman’s terms (Figure 2).
Additionally, InCharge Health has an accountability partner
feature that specifies a person (eg, friend, family member) who
will receive notifications if the user has not documented the use
of hydroxyurea for >4 hours (from the time of receipt of the
daily reminder) and is encouraged to remind the patient to take
their medication. The InCharge Health app does not collect any
protected health information and functions in places with Wi-Fi
accessibility or using the phone’s data plan.

Figure 2. Features of the InCharge Health app for patients. (A) Push notifications will come daily and will prompt the patient participant to mark if
the dose was taken, not taken, or be reminded later. (B) Customization of the push notification messages, time of the day, and choice of the accountability
partner. (C) A daily pain and mood tracker is available and captures pain level and mood changes. (D) Graphing of pain level versus pain is available
for the past 7 days. (E) A link to the patient portal accesses the patient’s electronic medical chart, clinic numbers, and patient-led discussion forums.
(F) A large resource bank is available with links to vetted educational websites, educational material, and educational videos and is included.

Hydroxyurea Toolbox Mobile App

The HU Toolbox is a decision-support tool developed with input
from pediatricians, internists, and hematologists from several
academic centers in North Carolina and members of the
Community Care of North Carolina medical home system. The
HU Toolbox app contains NHLBI guidelines adapted for
pediatric and adult providers (guidelines and recommendations
stratified by age). In addition to being an information source,

the app contains artificial intelligence algorithms guiding the
clinician on how to prescribe hydroxyurea and monitor its effects
through a chatbot feature, which simulates a human conversation
using text messaging. The HU Toolbox chatbot feature guides
clinicians on how to recognize hydroxyurea side effects and
how to manage them (Figure 3). Finally, a built-in SCD
specialist feature is available, allowing providers to reach and
consult SCD experts in their region, who respond to enquiries
within 24 hours.
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Figure 3. Features of the HU Toolbox mobile app: The HU Toolbox provides tools for medical providers prescribing hydroxyurea. The app provides
a chatbot for users to ask questions about how to dose and monitor hydroxyurea effects and side effects (left panel). In addition, there is educational
material available in a library (right panel) as well as the ability to chat directly with a local SCD specialist. HU Toolbox: Hydroxyurea Toolbox; SCD:
sickle cell disease.

Specific Aims and Objectives

Aim 1: Improve Patient Adherence to Hydroxyurea
We will compare adherence to hydroxyurea at baseline with
adherence after 6 months of InCharge Health among adolescents
and adults with SCD. Our primary hypothesis is that, among
patients with SCD, hydroxyurea therapy adherence will increase
by 20% at 24 weeks after receiving the InCharge Health
intervention, compared with their hydroxyurea adherence
measured at baseline. Adherence will be measured by the
proportion of days covered (PDC; the ratio of the number of

days the patient is covered by the medication to the number of
days in the treatment period) [58]. The rationale for choosing
the primary end point is because a 20% increase in PDC is a
clinically meaningful change and represents an increment of
approximately 1.4 additional days of hydroxyurea use in a
week’s period. Our conservative estimated increase of 20%
refill is based on previous studies that used text messages to
increase hydroxyurea adherence and observed adherence
increases as high as 60% [59]. The timing of the primary end
point (at 24 weeks) is such that it will allow sufficient time to
observe clinical and laboratory changes from increased
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hydroxyurea adherence, as it may take an average of 4 to 6
months to observe full hydroxyurea effects.

Aim 1a: To Assess Patient Engagement and Behaviors
Related to Use of InCharge Health
We will evaluate the consistent use of the app, patient
satisfaction, and continued use of the app beyond the study
period.

Aim 1b: To Examine the Improvement in Clinical and
Patient Outcomes Related to the Use of InCharge Health
We will investigate changes in the proportion of patients with
PDC >80%, hematologic indices, acute health care utilization,
health-related quality of life, and perceived self-efficacy for
medication use between baseline and 24 weeks after receiving
the InCharge Health intervention.

Aim 2: Improve Provider Hydroxyurea Prescribing
Behaviors
Among providers using the HU Toolbox app, we will examine
the changes in knowledge of hydroxyurea benefits and risks as
well as perceived self-efficacy to correctly prescribe
hydroxyurea therapy between baseline and after 9 months of
using the HU Toolbox intervention.

Aim 2a: To Examine Clinical Characteristics and
Provider Engagement and Behaviors Related to the Use
of the HU Toolbox
We will evaluate the frequency with which providers use the
app and provider satisfaction and continued use of the app
beyond the study period.

Aim 2b: To Assess Combined Effects of the Patient and
Provider Mobile Health Interventions on Hydroxyurea
Adherence and Acute Health Care Utilization.
We will examine if the changes in hydroxyurea adherence,
emergency department visits, and hospitalizations are enhanced
by the use of InCharge Health and HU Toolbox concomitantly.

Aim 3
We will qualitatively evaluate the barriers and facilitators of
the implementation of mHealth interventions. We will examine
the strategies used to support the implementation of mHealth
interventions and evaluate the facilitators and barriers to

implementation from multiple stakeholder perspectives: patients,
providers, and administrators.

Methods

The study protocol is reported in accordance with the Standard
Protocol Items for Clinical Trials (SPIRIT), where applicable
(SPIRIT checklist; Multimedia Appendix 1) [60].

Evaluation Framework
Key considerations to begin implementing mHealth for
hydroxyurea utilization include recruitment in diverse care
settings and estimating the reach, effectiveness, adoption,
implementation, and maintenance of the apps, which are the 5
components of the RE-AIM framework [61]. RE-AIM is a useful
framework to evaluate the utility of mHealth to foster
hydroxyurea utilization and to broaden the future applicability
and dissemination of the apps [62,63]. RE-AIM will be used in
this study to measure the overall impact and robustness of apps
to achieve improved patient adherence to hydroxyurea and better
prescribing practices of this drug.

Study Design
The study design is a nonrandomized, closed cohort trial where
the 2 mHealth apps will be introduced sequentially in 8
participating clinic sites over 3 time periods (Figure 4). A cohort
of subjects recruited from within each site will be followed over
each time period in which the unit of analysis will be the patient.
Within each site, there will be one or more treatment clinics.

Each provider within a participating clinic will receive the HU
Toolbox intervention for 9 months, while each patient participant
will receive the InCharge Health app intervention for 6 months.
The providers (physicians and advance care practitioners) will
begin receiving the provider app 2 months before patients (at
the same site) initiate the use of the patient app. There will be
a staggered 6 months between groups of sites (Figure 4). The
study rollout will allow for a baseline evaluation, followed by
preparation and introduction of the provider app (education of
providers and remaining staff), followed by implementation of
the apps, and evaluation postimplementation (Figure 4).
Implementing the interventions at the first 2 sites will allow us
to determine any challenges and adapt to ensure increased uptake
and implementation for the following sites.
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Figure 4. Study time periods: 2 or 3 groups of sites will enter the study at each of the 3 time periods, and 4 study phases will take place during each
study period. T0: introduction of HU Toolbox to providers, provider enrollment, and baseline data collection. T1: introduction of InCharge Health to
patients, patient enrollment, and baseline data collection. T2: All enrolled patients and provider participants were followed as active study participants.
Each patient will use the InCharge Health app for 6 months, and each provider will use the HU Toolbox app for 9 months. Postintervention data collection:
this phase reflects the sustainability of the interventions. We will continue to provide technical support for both patient and provider applications and
measure continued utilization of the applications and adherence to hydroxyurea. Solid triangle denotes InCharge Health and HU Toolbox interventions.
HU Toolbox: Hydroxyurea Toolbox.

Study Setting
The study will be carried out at 8 diverse SCDIC participating
clinical sites and their subsites. The study settings are variable

and include academic and nonacademic sites within urban,
suburban, and rural settings. The context for the program is
diverse and presents an opportunity to test mHealth in different
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settings, with not only geographical but also structural
differences using the RE-AIM evaluation framework.

Participants
Potential participants will be approached during a nonemergent
clinic visit. The study coordinator will verify that the participant
(patient or provider) meets the study eligibility criteria
(Textboxes 1 and 2), and will approach them in person, phone,
or via electronic media about enrolling in the study. Participants
will sign an informed consent before study participation (unless

a waiver of consent is granted by the local institutional review
board). If the participant is a minor, the legal guardian will sign
the consent and assent will be obtained. Participants will be
considered enrolled when consent is obtained, and inclusion
criteria have been confirmed. All providers within each practice
will be approached and invited to participate. All clinics will
have each provider register within the app to allow
provider-specific data. Each site will maintain a local enrollment
log and will also confirm enrollment status in the data
management system.

Textbox 1. Inclusion and exclusion criteria for patient participants.

Inclusion criteria

• Between 15 and 45 years

• Treated at or affiliated with one of the sickle cell diseases implementation consortium sites

• English speaking

• Confirmed sickle cell disease diagnosis by a hemoglobin fractionation test

• Owns a cellular/mobile smartphone (either Android or iOS)

• Hydroxyurea therapy:

• Already receiving hydroxyurea therapy (at least one previous prescription for hydroxyurea in the past 3 months) or

• Initiating hydroxyurea therapy (the first prescription must be written on the same day as study enrollment). Patient participants who initiate
hydroxyurea on the same day of study enrollment will not contribute to the total target accrual for the site, but rather will be analyzed as a
separate group

Exclusion criteria

• Known current pregnancy

• A red blood cell transfusion in the past 60 days. This is necessary as transfusions will mask laboratory markers and clinical changes from
hydroxyurea

• Currently using consistency. another cellphone app or a web-based tool (electronic health tool) to increase hydroxyurea adherence

Textbox 2. Inclusion criteria and the exclusion criterion for provider participants.

Inclusion criteria

• Physician (including physician in training) or advanced practice provider (nurse practitioner or physician assistant) who cares for at least one
patient with sickle cell disease for an anticipated minimum of 12 months from study enrollment

• Access to a cellular/mobile smartphone (either Android or iOS) or access to a computer with internet connectivity (HU Toolbox app can be
accessed via the internet on any device)

• Exclusion criterion

• Currently using another phone app or a web-based tool to increase hydroxyurea adherence for patients with SCD in his/her practice

Implementation Strategies
To promote the uptake of both the patient and provider mHealth
apps into practice, we will employ multiple implementation
strategies. Sites will be provided with a list of discrete strategies
(eg, education strategies such as conducting ongoing training
and regular check-ins with patients and providers regarding app
functionality). Each clinical site will be able to select a strategy
or strategies that best fit their context. All sites will be required
to provide training on the apps for both patients and providers
using a standard training protocol, which is detailed in the study
standard operating procedure document. Research staff will
guide the participants on the installation of InCharge Health

and HU toolbox on the participants’mobile devices (or computer
in the case of providers). Using a developed script, the research
team will provide instructions about app settings, explain how
to use the app, and answer any questions. Before participants
leave the clinic, patients will be asked to demonstrate their
knowledge and ability to use the app. Centralized technical
assistance (by the app developers) will be provided for both
apps to ensure a high level of fidelity in their implementation.
Specifically, patients and providers will be given a number to
call and an email address if they have questions regarding the
app or the study in general. Data related to technical problems
related to the apps will be tracked to evaluate their functionality.
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Study Outcome Measures

Primary Outcome
Efficacy will be determined by assessing the impact of InCharge
Health on hydroxyurea by measuring the change in PDC from
baseline (before intervention) to week 24 (primary outcome).
For the PDC, the pharmacy that fills the most prescription claims
within the target therapeutic category for a specific patient
within the calendar range will be assigned responsibility for the
patient. The pharmacy name and number where hydroxyurea
is filled will be collected by the research coordinators at each
study visit, and refill information will be requested from these
pharmacies. All prescription drug refills, from all dispensing
pharmacies, will be ascertained.

Secondary Outcomes
These include daily recorded adherence on the app; proportion
of patients with PDC ≥80%; laboratory markers of hydroxyurea
response (HbF, Hb concentration, MCV, ARC, absolute
neutrophil count, indirect bilirubin, LDH); health care utilization
(hospitalizations and emergency department visits);
health-related quality of life; perceived health literacy, patient
medication self-efficacy, and implementation outcomes.

Data Collection
After enrolling, patient participants will return at 12 and 24
weeks for study visits, where study-related procedures will be

conducted (Table 1). Provider participants will complete an
assessment of self-confidence in prescribing hydroxyurea at
baseline and at the study exit (Table 2). Three months after
study completion, InCharge Health and HU Toolbox usage will
be assessed via analysis of app statistics. Additionally, at study
completion, we will solicit feedback from patients and providers
regarding the clinical usefulness of the apps and their usability
and impact. (Tables 1 and 2). Clinical and implementation
measures will be assessed using the RE-AIM framework, both
for InCharge Health (Table 3) and HU Toolbox (Table 4).

We will conduct 15 semistructured key-informant interviews
(30-60 min) with multiple key stakeholders toward the end of
app implementation at each of the study sites. We will
purposively sample and interview patients and providers
(physicians and advance care practitioners) from each site
according to mHealth app use (low uptake vs high uptake). The
RE-AIM framework was used to develop the interview guides
and systematically assess barriers and facilitators. For example,
patients will be asked how using InCharge Health impacts the
way they take hydroxyurea, whereas providers will be asked
how using the HU Toolbox impacts the way they prescribe
hydroxyurea. Patients and providers will also be asked about
why they chose to participate in the study, training received for
the apps, and whether they would continue to use the apps after
the study is complete. We also plan interviews with clinic
administrators to gain a clinic-level perspective on factors that
influenced implementation.
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Table 1. Schedule of evaluations for patient participants.

Week 36
(poststudy)

Week 24
(study exit)

Week
12

Base-
line

Week 24 (retrospec-
tively collected)

Measures and definition

Socio d emographic

———xb—aAge, sex, race, ethnicity, marital status, educational attainment, health in-
surance type, income, occupation

———x—Informed consent

Patient adherence to hydroxyurea (Aim 1) and the combined effects of the patient and provider mHealth c interventions (Aim 2b)

Hydroxyurea adherence

xxxxxProportion of daily coverage

—xx—App daily adherence statistics and 7-day recall measure using the brief
medication questionnaire

Clinical influence of the InCharge Health app; (Aim 1b) and the combined effects of the patient and provider mHealth interventions (Aim
2b)

Hydroxyurea effect

———x—Date hydroxyurea initiated

———x—MTDd dose (mg/kg/day) and date reached

xxxx—Current dose (mg/kg/day and mg/day)

xxxxxBiomarkers of hydroxyurea effect (HbFe%, Hbf, MCVg, ANCh, ARCi,

indirect bilirubin, LDHj)

Health care utilization

xxxxxDate and discharge diagnosis of EDk visits, acute care/infusion visit hospi-
talizations

Self-efficacy and health literacy

—x—x—PROMISl self-efficacy for medication short form

—x—x—Perceived health literacy

Health-related quality of life and pain report

—x—x—ASCQ-Mem pain impact, ASCQ-Me pain episode frequency and severity,
PROMIS pain quality

Engagement of patients related to the use of InCharge Health app (Aim 1a)

Implementation measures

—x———See Tables 3 and 4

mHealth satisfaction

—xx——Perceived usability and acceptability of mHealth intervention (MARSn)
[64]

Evaluation of facilitators and barriers to implementation of the mHealth app (Aim 3)

Barriers and facilitators to implementation

xx———Qualitative interviewso

aDenotes not done at this timepoint.
bx denotes done at this timepoint.
cmHealth: mobile health.
dMTD: maximum tolerated dose.
eHbF: fetal hemoglobin.
fHb: hemoglobin.
gMCV: mean corpuscular volume.
hANC: absolute neutrophil count.
iARC: absolute reticulocyte count.
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jLDH: lactate dehydrogenase.
kED: emergency department.
lPROMIS: Patient-Reported Outcomes Measurement Information System.
mASCQ-Me: adult sickle cell quality of life measurement information system.
nMARS: mobile app rating scale.
oConducted at the end of the study at each site.

Table 2. Schedule of evaluations for provider participants.

Week 48
(poststudy)

Week 36
(study exit)

BaselineMeasure and definition

Sociodemographic

——bxaAge, sex, race, ethnicity, type of professional (physician, nurse practitioner, physician assistant),
years in practice

———Informed consent

Improve provider hydroxyurea awareness, prescribing, and monitoring behaviors (Aim 2)

Self-efficacy and hydroxyurea knowledge

—xxPerceived confidence in prescribing hydroxyurea to patients with SCDc, including correct daily
dosing

Engagement of providers related to the use of the HU Toolbox app (Aim 2a)

Implementation and mHealth satisfaction

—x—Perceived usability and acceptability of mHealth intervention (MARSd scale) [64]

Hydroxyurea prescribing practices (clinic-level measures)

xxxTotal number of patients with SCD

xxxNumber of patients eligible to receive hydroxyurea therapy at provider participant’s sitee

xxxNumber of hydroxyurea-eligible patients who are prescribed hydroxyurea (all sickle genotypes)e

Evaluation of facilitators and barriers to implementation of the mHealth app (Aim 3)

Barriers and facilitators to implementation

—x—Qualitative interviewsf

ax denotes done at this time point.
bDenotes not done at this time point.
cSCD: sickle cell disease.
dMARS: mobile app rating scale.
eHydroxyurea eligibility will follow the 2014 National Health Lung and Blood Institute guidelines as follows: hydroxyurea should be offered to all
children with homozygous sickle hemoglobin mutation (HbSS) and compount heterozygous sickle hemoglobin and null beta thalassemia

(HbSβ0-thalassemia) age ≥9 months and prescribed to all symptomatic adults with HbSS/HbSβ0-thalassemia, that is, >3 episodes of severe vaso-occlusion
in the preceding 9 months [13].
fConducted at the end of the study at each site.

For additional information on Implementation and mHealth
satisfaction, please refer to Tables 3 and 4
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Table 3. The reach, effectiveness, adoption, implementation, and maintenance evaluation measures of InCharge Health implementation.

Data sourcesDomains and measures

Reach •• Clinic data collection
forms

Sociodemographic characteristics of patients at each site
• Proportion and representativeness of patients screened for the study (numerator)

among all patients who receive hydroxyurea treatment (denominator) at each site • Clinic population demo-
graphics and treatment
data, study database

• Proportion and representativeness of patients eligible for the study (numerator) among
all patients who receive hydroxyurea treatment (denominator) at each site

• Screening log• Proportion and representativeness of patients participating/enrolled in the study (nu-
merator) among all patients who receive hydroxyurea treatment and were eligible
(denominator) at each site

• Qualitative interviews

Effectiveness •• Prescription drug
claims (PDC for hy-
droxyurea refills)

Primary outcome

• >20% improvement in the PDCa for hydroxyurea among those receiving the interven-
tion

•• Patient surveys (AS-

CQ-Mei, PROMISj,

Perceived health litera-
cy, self-efficacy)

Secondary outcomes

• Change in Quality of life, self-efficacy, perceived health literacy
• Change in percentage of patients with EDb visits, hospitalizations since the last study

visit • Medical chart abstrac-
tion• Change in biomarkers of hydroxyurea effect (MCVc, ANCd, ARCe, indirect bilirubin,

HbFf, Hbg, LDHh) • Qualitative interviews

Adoption •• Clinic administrative
data and data collection
forms

Proportion and description of clinics in each site agreeing to support InCharge Health
• Proportion and description of providers in each clinic agreeing to support InCharge

Health (ie, proportion enrolled on the study)
• Qualitative interviews

Implementation •• App usage statisticsConsistency with which sites are able to implement the app as planned
• •Qualitative assessment of any adaptations or enhancement to recruitment strategies

needed to meet enrollment by the clinic, by site
Patient surveys

• Qualitative interviews
• Assess adaptation of training needed to improve InCharge Health implementation at

each site
• Engagement with the app: percentage, number, and representativeness of patients

who used InCharge Health during the study period (low, medium-low, medium, or
high use; in the entire practice)

• Proportion, number, and characteristics of patients who complete the study among
those who initiate the use of the app but then later discontinue at each site

• Percentage and characteristics of patients who reported satisfaction with the InCharge

Health app (MARSk scale)
• Clinic/provider assessment of perceptions of InCharge Health app for further scale-

up or sustainability—ease of use, preferred features, and so on

Maintenance/sustainability •• Pharmacy claims data
(PDC for hydroxyurea
refills)

Extent to which program leaders express a desire or intent to continue providing the
app with patients at the conclusion of the research

• Percentage of patients who continue to use the app beyond the study period and their
representativeness • App use statistics

• Clinic data collection
forms

• Qualitative interviews

aPDC: proportion of days covered.
bED: emergency department.
cMCV: mean corpuscular volume.
dANC: absolute neutrophil count.
eARC: absolute reticulocyte count.
fHbF: fetal hemoglobin.
gHb: hemoglobin.
hLDH: lactate dehydrogenase.
iASCQ-Me: adult sickle cell quality of life measurement information system.
jPROMIS: Patient-Reported Outcomes Measurement Information System.
kMARS: mobile app rating scale.
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Table 4. The reach, effectiveness, adoption, implementation, and maintenance evaluation measures of Hydroxyurea Toolbox implementation.

Data sourcesMeasuresDomains

Adoption—clinic •• Institutional data to describe clinics (eg, size, case
mix, years in service, regional sociodemographics

of SCDb patients)

Proportion and representativeness of clinics that agree to

support the HUaToolbox

• Clinic data collection form
• Qualitative interviews

Adoption—provider •• Provider surveyCharacteristics of providers at each site (eg, specialty,
years in practice, sociodemographics, level of expertise) • Clinic data collection form

• Proportion and representativeness of eligible providers
approached in the study (numerator) among all providers
(denominator)

• Proportion and representativeness of enrolled providers in
the study (numerator) among all eligible providers (denom-
inator) at each site

Effectiveness •• Provider surveyNumber and proportion of providers demonstrating im-
proved knowledge and self-efficacy in hydroxyurea admin-
istration

• Medical chart abstraction
• Qualitative interviews

• Percentage of patients who were prescribed hydroxyurea
per provider

Implementation •• App usage statisticsConsistency with which sites are able to implement the
use of the Toolbox app as planned • Provider survey

• Engagement with the app: Percentage, number, and repre-
sentativeness of providers that appropriately used HU
Toolbox app (low or high use; in the entire practice)

• Qualitative interviews

• Percentage of providers who reported satisfaction with HU

Toolbox app (MARSc scale)
• Percentage of patients whose provider used the Toolbox

at each site
• App usage statistics

Maintenance/sustainability •• App usage statisticsExtent to which program leaders express a desire or intent
to offer or encourage the use of the Toolbox app by their
clinical providers at the conclusion of the research

• Clinic data collection form
• Qualitative interviews

• Percentage of providers who continue to use the provider
app beyond the study period, and representativeness

• Percentage of providers who continue to prescribe hydrox-
yurea to their patients

aHU: Hydroxyurea.
bMARS: mobile app rating scale.
bSCD: sickle cell disease.

Sample Size
Sample sizes were calculated for the primary outcome, PDC,
using simulations based on the linear mixed model in the
analysis plan. First, we modeled the baseline values. Results
from Candrilli et al [18] indicated a left-skewed distribution for
adherence measured by medication possession ratio. We expect
a similarly left-skewed distribution for PDC. The baseline PDC
was therefore modeled as PDC=100 × X, where X follows a
beta distribution with parameters 1.0 and 0.6667. This produced
a left-skewed distribution with a mean of 60% (SD 30%), closely
paralleling a mean of 0.60 (SD 0.32) reported by Candrilli et al
[18] for the medication possession ratio. We included site-to-site
variation in baseline PDC by adding a site-specific random
variate, drawn from a normal distribution with a mean of 0 (SD
0.2) to the 2 parameters. The resulting site-specific means are
between 56% and 69%, with a probability of .95. Baseline values

were modeled by drawing random samples from these beta
distributions.

To model treatment response, including site-to-site variation in
response, we added the expected response of 12% plus a
site-specific random variable drawn from a normal distribution
with a mean of 0 (SD 5.48) to each baseline value for PDC.
Residual intrasubject variation at each time point ( in the linear
mixed model) was included by adding a separate random
variable drawn from a normal distribution with a mean of 0 to
each simulated PDC value. Assuming that approximately 25%
of 24-week PDC values will be missing, each 24-week
observation was randomly deleted with a probability of .25.

The treatment effect is measured against noise, which includes
residual intrasubject variation and site-to-site variation in
treatment response. Therefore, power was investigated by
specifying SDs for the 2 variance components, generating
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simulated data sets of 8 sites with 46 subjects recruited per site,
and fitting the linear mixed model to each data set. Power was
estimated as the percentage of simulated data sets producing a
statistically significant increase in PDC among 1000 simulated
data sets.

Baseline and posttreatment PDC are expected to be moderately
to strongly correlated (ie, subjects with lower baseline PDC will
tend to have lower posttreatment PDC than those with higher
starting values). This expectation places limits on the variance
components because the correlation varies inversely with the
variance of the measurements. Variance components that result
in a correlation of 0.50 also result in approximately 90% power
to detect a treatment effect under the conditions specified in the
simulations. A correlation of 0.50 is well below expectations,
indicating that the study will have considerable power to detect
the posited treatment effect under the specified conditions.

Patients who initiate hydroxyurea on the same day of enrollment
will not contribute to the primary aim but will be analyzed as
a separate subset of participants for the secondary outcomes
only, as no baseline PDC will be able to be calculated for them.
The total number of physicians and advanced practitioners in
all participating sites is approximately 100. All of them will be
approached, and the total number of those who agree to
participate will be computed.

Methods of Analysis

Aim 1: Improve Patient Adherence to Hydroxyurea
Changes in PDC in response to treatment will be evaluated
using a linear mixed model. Predictors will include a random
effect for the study site, a fixed binary indicator for treatment,
the interaction of the site with treatment, and a random effect
for the subject nested within the site. The interaction is included
to test for differences in PDC changes among sites. The random
subject effect is included to account for the correlation induced
by repeated observations of the same subjects. If the interaction
is not statistically significant, then it will be dropped from the
model, and inferences about treatment response will be based
on the main effect of treatment. If the treatment does indicate
site-to-site variation in change in PDC, then pairwise
comparisons between changes at the sites will be made using
the Tukey honestly significant difference to control the type I
error rate.

Aim 1a: To Assess Patient Engagement and Behaviors
Related to the Use of InCharge Health
Counts and scores of the measures in Textboxes 1 and 2 will
be graphed with box plots by month. Using the box plots from
the last month, patients will be classified into 4 levels of app
usability: low (<25% of the daily app usage), medium-low
(25%-49% of the daily app usage), medium-high (50%-74% of
the daily app usage) or high (75%-100% of the daily app usage)
by initially using quartiles of the implementation measures, then
examining the box plots of the measures and adjusting as needed
to create 4 clinically meaningful groupings of app users. App
uptake will be computed at the end of the study at each site.

Aim 1b: To Examine the Improvement in Clinical and
Patient Outcomes Related to the Use of InCharge Health
The linear mixed model will also be employed to evaluate
changes in laboratory biomarkers of hydroxyurea effect, quality
of life, health literacy, self-efficacy, and satisfaction with the
app (as listed in Textboxes 1 and 2) between baseline and 24
weeks. The models will include the treatment indicator and site
as usual, a 4-level categorical predictor of use of the app (low,
medium-low, medium-high, and high) and the interaction of
app use with the treatment. A statistically significant interaction
will be interpreted to mean that changes in an outcome in
response to the treatment varied with use of the app. The Tukey
HSD test will then be employed to identify the pairwise
differences that contributed to the significant effect. If no
variation with use of the app is found, then the interaction will
be dropped from the model as described earlier. The models for
laboratory biomarkers will also include time since starting
hydroxyurea and sickle cell genotype as covariates. Models,
including site-level characteristics of urban versus rural and
academic versus community will also be created to determine
if heterogeneity in the site characteristics impacts intervention
efficacy. For dichotomous outcomes, such as PDC ≥80% versus
<80% and hospitalization and emergency room visits during
the study, generalized linear mixed models (GLMM) will be
employed with a logit link to relate the outcome to the predictors
[65]. The GLMM models will follow the same format as the
linear mixed model above with fixed effects for intervention/app
use and random effects for sites and subjects within sites.

Aim 2: Improve Provider Hydroxyurea Prescribing
Behaviors
Given the limited number of providers expected to enroll in the
study, many of the analyses are simplified and do not account
for the across the site and across time complexities of the study
design. As such, the results should be considered exploratory.
Using baseline data, providers will be classified into 4
categories, according to the level of comfort and expertise in
caring for patients with SCD (Multimedia Appendix 2). We
will attempt to evaluate the implementation and effectiveness
outcomes stratified by this provider categorization to better
understand how expertise impacts the implementation and
effectiveness of the HU Toolbox app.

Aim 2a: To Examine Clinic Characteristics and Provider
Engagement and Behaviors Related to the Use of the
HU Toolbox
Uptake of the HU Toolbox by providers after 9 months will be
assessed using the implementation measures identified in Table
4 (under implementation). Box plots for each measure for all
participants will be combined and stratified by expertise level.
One-way analysis of variance or Kruskal-Wallis tests will
examine differences in the uptake of the HU Toolbox across
expertise levels (Figure 5). If the null hypothesis is rejected,
Dunn’s test will be employed for multiple comparisons. If an
experience level has fewer than 5 providers, it will be combined
with the closest lower experience level. The results of these
analyses will be used to identify clinically meaningful low and
high toolbox app uptake groups for Aim 2b.
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Figure 5. Study group comparisons according to each aim. The introduction and investigation of each intervention is performed sequentially. A total
of 4 possible intervention combinations will be evaluated and compared: provider and patient use the intervention (patient and provider blue boxes),
neither provider nor patient uses the intervention (patient and provider blue boxes), provider uses the intervention, but the patient does not (provider:
blue box and patient: red box), and the patient uses the intervention, but the provider does not (provider red box and patient blue box). HU Toolbox:
Hydroxyurea Toolbox; SCD: sickle cell disease.

Aim 2b: To Assess the Combined Effects of the Patient
and Provider Mobile Health Interventions on
Hydroxyurea Adherence and Health Care Utilization
Figure 5 shows the sequential introduction and investigation of
each intervention. A total of 4 possible intervention
combinations will be evaluated and compared: provider and
patient use the intervention, neither provider nor patient uses
the intervention, the provider uses the intervention, but the
patient does not, and the patient uses the intervention, but the
provider does not. Comparisons within and across groups will
be conducted. This analysis seeks to identify the impact of both
the patient and provider interventions on hydroxyurea adherence
and acute health care utilization (count of emergency department
visits and hospitalizations per patient) at baseline and at 6
months. These outcomes will be treated as Poisson variables in
GLMMs with log link functions. Predictors will include an
indicator for time (baseline vs 6 months), a categorical predictor
for the 4 levels of InCharge Health app uptake defined in Aim
1a, an indicator for low (less than one day per month use of the
app in a 6-month period) versus high provider (one or more
days per month use of the app in a 6-month period) toolkit app
uptake, the interaction between patient and provider uptake,
and a random effect to account for clustering of baseline and
9-month measures within providers. The Tukey HSD test will
be employed for pairwise comparisons among predictor

categories if statistically significant effects of patient
characteristics, provider characteristics, or interactions are found.
App uptake will be computed at the end of the study at each
site.

Aim 3: Qualitatively Evaluate the Barriers and
Facilitators of the Implementation of Mobile Health
Interventions
Sufficient understanding of the contextual factors in the
implementation of mHealth interventions is critical to ensuring
future scale-up and translation of study findings [66]. As such,
for Aim 3, we will build on the RE-AIM quantitative findings
by using qualitative inquiry to identify common barriers and
facilitators across the sites and to support the development of
implementation strategies for use in future studies. Data will
be collected and analyzed concurrently using a mixed methods
approach, where qualitative data will be secondary to the
quantitative assessment [67].

Results

The study is currently enrolling participants (NCT 04080167).
Recruitment is anticipated to be completed by mid-2021. The
results are expected to be submitted for publication toward the
end of the project in early 2022.
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Discussion

Hydroxyurea has proven its efficacy in treating patients with
SCD, but its utilization in real-world settings is suboptimal.
mHealth interventions have increasingly been used to foster
greater adherence to medication and to facilitate the use of
therapies by prescribers. In this study, we propose to overcome
the barriers to hydroxyurea utilization by using a 2-level
mHealth intervention: the InCharge Health app for patients and
the HU Toolbox app for providers. We will examine the uptake
of these 2 interventions using implementation science strategies.
Although acknowledging the multilevel barriers to hydroxyurea
utilization, our approach will address the main barriers affecting
hydroxyurea adoption and use among patients with SCD and
focus on improving prescribing practices among providers. This
2-level approach will allow us to demonstrate the clinical effect
of mHealth interventions to improve adherence among patients
(the main outcome of the study) and, at the same time, address
and evaluate other barriers to optimal care among providers.
Our findings will enhance the subsequent implementation of
mHealth in diverse settings and populations, as the participating
sites are substantially different in geographical settings (eg,
urban, suburban, and rural) and population characteristics. The
study will provide preliminary data on the integration of
mHealth into clinical care, its clinical influence, and evaluate
how well this strategy is accepted, adopted, and sustained in
diverse clinical settings.

The Integration of mHealth into SCD Care to Increase
Hydroxyurea Utilization study will be the first large-scale
prospective trial to investigate mHealth interventions for SCD
using an implementation science framework to improve
hydroxyurea effectiveness and adaptation while incorporating
implementation strategies to maximize the integration of the
apps into clinical practice. If successful, this model may create
a new paradigm in which mHealth interventions can be
integrated into routine clinical practice in real-world settings.
This approach focuses on the complexity of therapies for chronic
diseases in which the lack of widespread adaptation is
multifactorial and should account for multiple stakeholders.

This study has some limitations. PDC is one of the multiple
measures of medication adherence; however, it allows us to
pragmatically estimate adherence as it approximates optimal

adherence when PDC is ≥80%. PDC is an accepted quality
measure of adherence and the metric used by the Centers for
Medicare and Medicaid Services as the process measure of
adherence [68]. PDC best reflects the real-world setting as
opposed to the use of electronic bottles or video-recorded daily
dose ingestion (ie, directly observed adherence measure). The
Integration of mHealth into SCD Care to Increase Hydroxyurea
Utilization study does not include randomization of mHealth
interventions, and this approach may be considered as the next
step in our research.

Few prospective intervention studies to improve hydroxyurea
adherence in SCD using mHealth have been undertaken [42].
In general, they have shown positive results in improving daily
hydroxyurea utilization and other outcomes, such as
health-related quality of life [69,70]. The Integration of mHealth
into SCD Care to Increase Hydroxyurea Utilization study
expands the existing studies because it (1) addresses all the
important behavior determinants of suboptimal hydroxyurea
utilization at both the patient and provider levels, (2)
incorporates them into mHealth apps for both patients and
providers, and (3) studies a large population of patients with
SCD and their providers in different geographic and clinical
settings. Finally, engagement with mHealth interventions will
be of particular importance during the study, as sustained use
of mHealth intervention may decrease over time. Our study
plans to evaluate engagement with mHealth interventions by
monitoring app usability (frequency of use and specific features
used) in addition to performing qualitative analysis to better
ascertain factors influencing engagement with mHealth.

In summary, the Integration of mHealth into SCD Care to
Increase Hydroxyurea Utilization study is the first study
investigating the efficacy and implementation of mHealth
interventions on 2 levels to improve hydroxyurea utilization,
namely the patient and the provider, in a large multicenter
prospective study. Importantly, the development of both
mHealth interventions was informed by the stakeholders
involved (patients with SCD and their providers). If successful,
this study will help define the role of mHealth in increasing
hydroxyurea utilization at multiple levels and will allow for a
large-scale implementation trial that will rigorously test which
strategies are most effective in disseminating mHealth to more
patients with SCD and their providers.
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Abstract

Background: The prevalence of smoking is declining; however, it continues to be a major public health burden. In England,
primary care is the health setting that provides smoking cessation support to most smokers. However, this setting has one of the
lowest success rates. The iQuit in practice intervention (iQuit) is a tailored web-based and text message intervention developed
for use in primary care consultations as an adjunct to routine smoking cessation support with the aim of increasing success rates.
iQuit has demonstrated feasibility, acceptability, and potential effectiveness.

Objective: This definitive trial aims to determine the effectiveness and cost-effectiveness of iQuit when used as an adjunct to
the usual support provided to patients who wish to quit smoking, compared with usual care alone.

Methods: The iQuit in Practice II trial is a two-arm, parallel-group, randomized controlled trial (RCT) with a 1:1 individual
allocation comparing usual care (ie, pharmacotherapy combined with multisession behavioral support)—the control—with usual
care plus iQuit—the intervention. Participants were recruited through primary care clinics and talked to a smoking cessation
advisor. Participants were randomized during the initial consultation, and those allocated to the intervention group received a
tailored advice report and 90 days of text messaging in addition to the standard support provided to all patients.

Results: The primary outcome is self-reported prolonged abstinence biochemically verified using saliva cotinine at 6 months
after the quit date. A sample size of 1700 participants, with 850 per arm, would yield 90% power to detect a 4.3% difference in
validated quit rates between the groups at the two-sided 5% level of significance. The Cambridge East Research Ethics Committee
approved the study in February 2016, and funding for the study was granted from May 2016. In total, 1671 participants were
recruited between August 2016 and July 2019. Follow-up for all participants was completed in January 2020. Data analysis will
begin in the summer of 2020.

Conclusions: iQuit in Practice II is a definitive, pragmatic RCT assessing whether a digital intervention can augment the impact
of routine smoking cessation support in primary care. Previous research has found good acceptability and feasibility for delivering
iQuit among smoking cessation advisors working in primary care. If demonstrated to be cost-effective, iQuit could be delivered
across primary care and other settings, such as community pharmacies. The potential benefit would likely be highest where less
behavioral support is delivered.
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Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 44559004; http://www.isrctn.com
/ISRCTN44559004.

International Registered Report Identifier (IRRID): DERR1-10.2196/17160

(JMIR Res Protoc 2020;9(7):e17160)   doi:10.2196/17160
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Introduction

Public Health Burden of Smoking
In 2015, the total estimated smoking-related cost to the UK
National Health Service (NHS) was GB £2.6 billion (US $3.3
billion), of which GB £1.1 billion (US $1.4 billion) was within
primary care settings [1]. Smoking-related morbidity accounts
for 489 300 hospital admissions and 77,800 deaths in England
each year. About 14.4% of adults in England currently smoke
[2], and despite the fact that smoking prevalence has fallen over
recent years, this equates to approximately 6.4 million adults
aged >20 years [3]. Prevalence has reduced mostly in the 18-
to 24-year age group; however, the proportion of adults still
smoking is highest among the unemployed and those of a lower
economic status. There has been some improvement in the quit
success rate of this population, which may be due to the
European Union tobacco products directive, which was finalized
in 2017 [4]. Prohibition of smoking in public spaces and the
use of smoking cessation services may have contributed to the
reduction in smoking prevalence over the last 15 years [5].
However, to achieve the Department of Health’s vision of a
smoke-free generation by 2035 [6], there is a strong need to
increase the effectiveness and cost-effectiveness of existing
interventions embedded within health care in addition to other
tobacco control initiatives.

Primary Care as a Setting for Smoking Interventions
Since 2012, when revisions were made to the quality and
outcomes framework’s reporting of smoking status, general
practitioners (GPs) have been incentivized to offer and record
stop-smoking support to all registered patients [7]. Therefore,
primary care is an important setting for smoking cessation
support. Physicians, nurses, and other health care practitioners
are in a prime position to engage with and provide smoking
cessation support to patients presenting at specialized health
clinics (eg, asthma, hypertension, diabetes) and general
consultations. Many practices train at least one health care
practitioner to offer and deliver smoking cessation support, and
the two most commonly trained practitioners to deliver support
(ie, health care assistants and nurses) are equally effective at
delivering this support [8].

The stop smoking services (SSS) follow the National Institute
for Health and Care Excellence recommendations [9] to provide
one-to-one behavioral support, discussing and providing
pharmacotherapy for smokers wishing to quit. Although the
number of people attending NHS stop smoking services in
primary care and general practice has fallen in recent years
[2,10], the proportion of successful quit attempts (self-report at
4 weeks after a quit attempt) remains steady at 51% [10]. A

systematic review of 44 studies showed that patients receiving
cessation support from nurses or other health care practitioners
offering advice, counseling, and other strategies increased their
chances of a successful quit attempt (at 6 months after quit date)
by 29% (relative risk [RR] 1.29; 95% CI 1.21 to 1.38), 15.7%
in the treatment arm (nursing intervention) versus 12.2% in the
control arm (minimal intervention) [11]. In this review, nursing
intervention was defined as the provision of any kind of support
or advice by nurses, and the control group comprised those who
saw the same nurse but received only brief advice and self-help
materials. In addition, increasing the amount of behavioral
support can further aid the smoker to quit (RR 1.15; 95% CI
1.08 to 1.22) [12].

Text Messaging and Tailored Interventions for
Smoking Cessation (Effectiveness and
Cost-Effectiveness)
Tailored interventions use data collected on or about an
individual to make the information provided to them more
personally relevant, increasing the likelihood that it will be read,
understood, and acted upon. Tailored self-help interventions
can be more effective than nontailored materials (RR 1.28; 95%
CI 1.18 to 1.37) [13] and are better than no help at all (RR 1.34;
95% CI 1.19 to 1.51) [13]. In addition, text messaging programs
can increase quit rates (RR 1.54; 95% CI 1.19 to 2.00) [14].

Currently, 96% of adults in the United Kingdom have access
to a mobile phone, and in 2017, 6.4 billion SMS text messages
were sent [15]. A Cochrane review of 12 studies assessing the
effectiveness of text-based mobile phone interventions to support
a quit attempt found a positive effect of mobile phone
interventions on abstinence compared with controls at 6 months
(RR 1.67; 95% CI 1.46 to 1.90), 9.3% in the treatment arm
versus 5.6% in the control arm [16]. The majority of
interventions in these trials were SMS text message based,
whereas the control arms varied from daily nontailored text
messages to no intervention.

The York Health Economics Consortium [17] concluded that
there was not enough evidence concerning the cost-effectiveness
of NHS-related smoking interventions. Their review showed
some cost benefits, but the studies analyzed were far-reaching
and included smoking cessation support in hospital settings,
some very old studies, and studies that were of both low- and
high-intensity interventions.

However, smoking cessation interventions have been shown to
be cost-effective in many populations, including low-income
populations [18] and people with chronic obstructive pulmonary
disease (COPD) [19]. Tailored smoking cessation interventions
have also been shown to be cost-effective [20], with the cost
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benefit increasing the older the smoker is at the time of quitting
(Table 1—data adapted from the txt2stop trial) [20]. However,
although quitters in the txt2Stop trial had access to NHS SSS,

the intervention was delivered as an adjunct to these services
and not through them.

Table 1. A summary of incremental costs and quality-adjusted life years gained per 1000 participants.

Age (years)Characteristics

>4030-40<30

−74,214 (−91,756)−30,320 (−37,487)−11,066 (−13,682)Incremental cost, GB£ (US$)

382720Incremental quality-adjusted life years

The intervention in this trial (iQuit in practice intervention
[iQuit]) is a tailored smoking cessation system designed for use
by health care practitioners during the delivery of routine
cessation support. iQuit is the culmination of research into the
effectiveness of tailored smoking cessation advice reports
[21-24] and evidence from trials using SMS text messages as
a means of delivering tailored messages to smokers to assist
them in their quit attempt [20,25-31]. Using a web-based
questionnaire, the practitioner asks smokers a series of questions
that are used to tailor an advice report. iQuit also delivers a
90-day program of automated, tailored, and interactive text
messages, designed to support the smoker in their quit attempt.

The iQuit in Practice Pilot Trial
iQuit has previously been assessed for feasibility, acceptability,
and short-term effectiveness in a randomized controlled trial

(RCT) [32]. In the trial, we found good acceptability for iQuit
from participants and advisors. A total of 93.7% of participants
found the texts easy to understand, 67.7% felt receiving support
by text message acceptable, and 44.8% said that the text
messages had helped them to quit smoking. It took advisors
approximately 8 min (mean 7.7 min SD 4.0) to deliver the
intervention and gave a mean score of 4.6 (SD 0.7, 5-point scale)
for ease of using the web-based questionnaire within a
consultation [32]. In terms of its effect on short-term abstinence
(Table 2), the primary focus of the trial, we found no significant
between-group differences. However, although not prespecified,
we found statistically significant between-group differences for
both self-reported 6-month prolonged abstinence at the 6-month
follow-up and for continuous abstinence.

Table 2. Summary of smoking outcomes from the iQuit in Practice pilot trial.

Odds ratio
(95% CI)

Absolute difference, %
(95% CI)

Intervention
arm, n (%)

Control
arm, n (%)

Smoking outcomes for the iQuit in Practice pilot trial

Primary outcome

1.22 (0.88 to
1.69)

4.9 (−3.0 to 12.7)135 (45.2)122 (40.3)Self-reported 2-week point-prevalence abstinence at 8-week follow-
up

Secondary outcomes

1.21 (0.84 to
1.76)

3.7 (−3.3 to 10.6)81 (27)71 (23)Carbon monoxide–verified 2-week point-prevalence abstinence at 4-
week follow-up after quit date

1.13 (0.78 to
1.65)

2.3 (−4.5 to 9.1)76 (25)70 (23)Self-reported 3-month prolonged abstinence at 6-month follow-up

Additional outcomes

1.81 (1.09 to
3.01)

6.1 (0.9 to 11.4)45 (15)27 (9)Self-reported 6-month prolonged abstinence at 6-month follow-up

1.92 (1.07 to
3.45)

5.1 (0.6 to 9.8)34 (11)19 (6)Continuous abstinence (4-week, 8-week, and 6-month follow-ups)

The RR for the long-term intervention effect at 6 months was
1.69 (95% CI 1.08 to 2.65). The estimated probability that the
intervention would produce a small intervention effect
equivalent to an RR of at least 1.2 is 93%, and the probability
of a medium effect size of 1.5 is 70%.

This trial is therefore a definitive, pragmatic RCT in primary
care to assess the effectiveness and cost-effectiveness of iQuit
on biochemically validated abstinence at a 6-month follow-up.
It will be assessed against the usual practice for smoking
cessation consultations.

Trial Objectives
The study aims to assess the effectiveness and cost-effectiveness
of iQuit when delivered alongside usual care compared with
usual care alone.

Design
iQuit in Practice II is a two-arm, parallel-group RCT with 1:1
individual allocation comparing usual care (control) with usual
care plus iQuit (intervention).
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Methods

Practices: Recruitment
Participants were recruited from general practices in the East
of England under the remit of the Eastern and North Thames
clinical research networks. Our pilot study [32] suggested that
22 is a feasible minimum target of participating smokers per
practice; therefore, we set out to approach 66 practices over 36
months to achieve our initial proposed sample size of 1452
participants. However, participant recruitment was monitored
and reported monthly to the study team by the trial coordinator.
Detailed graphs and charts of overall and per practice activity
informed whether more or fewer general practices were needed
to achieve the target.

General practices were eligible if they had at least one smoking
cessation advisor trained to deliver level 2 smoking cessation
advice (or were willing to be trained to that level). Practices
were not to be participating in any other smoking cessation
research studies, and all smoking cessation advisors had to have
internet access from a computer in their consultation room and
access to a printer. Training and site initiation took place in a
single 2-hour session. Training included informed consent, using
the iQuit web-based questionnaire, and an explanation of RCTs.

Participants: Inclusion and Exclusion Criteria
Patients were eligible for the study if they met all of the
following criteria: (1) a current tobacco smoker (ie, they usually
smoked at least one cigarette a day and had smoked in the past
7 days), (2) able to read and understand English and could
provide written informed consent, (3) ≥18 years, (4) had a
mobile phone and were familiar with sending and receiving text
messages, (5) willing to participate in the study and follow study
procedures, and (6) not enrolled in another formal smoking
cessation study or treatment program at the time.

Health care practitioners were prompted to check whether
patients met the eligibility criteria when they signed on to the
iQuit in Practice computer program. The ability to read and
understand English was a subjective decision by the practitioner
based on their knowledge of the patient and the patient’s medical
records.

Patients were excluded if they were considered by their GP to
be unsuitable for the study for any reason. There was no

proforma of ineligible conditions. It was at the discretion of the
GP and health care practitioner to decide whether or not the
patient should take part in the study. GPs were asked to screen
lists of known smokers before invitation letters were sent.
Reasons for noninclusion included mental illness, terminal
illness, or dementia. Patients with existing medical conditions
such as COPD or heart disease were not excluded unless their
GP considered them unsuitable. As individual allocation worked
effectively in the pilot trial, with no contamination found [32],
patients were also not excluded if more than one person per
household was participating in the trial.

Participants were not re-enrolled into the trial if they had not
been successful in their quit attempt. However, this did not
exclude them from receiving further support from their smoking
cessation advisor.

Participants: Recruitment
Participants were recruited using 3 methods (Figure 1 shows
the projected trial profile):

1. Opportunistic recruitment: All health care practitioners in
participating practices were encouraged to identify potential
participants. Smokers presenting at other clinics (eg, health
checks, asthma clinics, COPD clinics) and expressing a
desire to quit smoking were advised to make an appointment
with the smoking cessation advisor.

2. Self-referral: Patients could refer themselves for smoking
cessation support.

3. Proactive recruitment: Practices were encouraged to mail
study invitations to smokers identified from their database.
In addition to a covering letter, patients received an
information sheet and were encouraged to make an
appointment with the smoking cessation advisor at the
surgery.

Participant recruitment in GP practices was monitored (as
previously described), and a number of strategies were used to
ensure the sample size was achieved (eg, regular newsletters
[sometimes tailored to the practice]). Further support and
training for underperforming practices was available. Practices
were also encouraged to use national promotions (eg, Stoptober
and national no smoking day) to encourage recruitment. Posters
and leaflets were available for practices to display in their
waiting rooms.
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Figure 1. Projected trial profile.

Interventions

Control
In-person SSS support, which is mainly delivered one to one,
is usual practice for smoking cessation consultations in primary
care. During the first session, the advisor discusses with the
patient the reasons for why they smoke and why they wish to
quit. They also assess the patient’s level of nicotine dependence
using validated tools such as the Fagerstrom test for nicotine
dependency, the heaviness of smoking index, or the Urge to
Smoke Questionnaire. They discuss past quit attempts and
support the patient to set a quit date. To aid the quit attempt,
patients are offered pharmacotherapy: varenicline, buproprion,
or nicotine replacement therapy (NRT) products (eg, patches,
gum, lozenges, inhalators, mouth, and nasal sprays). The

patient’s expired-air carbon monoxide (CO) level is also
measured using the practice’s own Smokerlyzer. Follow-up
appointments by the smoking cessation advisor are offered at
1, 2, 3, and 4 weeks after the quit date to monitor progress and
to offer advice on handling withdrawal symptoms and difficult
situations, to monitor CO levels, and to ensure that the patient
has an adequate supply of medication [33].

All participants in our trial received this level of support (usual
care).

Intervention
In addition to the usual care described earlier, participants
allocated to the intervention arm received the following.
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Tailored Advice Report
iQuit uses participant answers to the iQuit web-based
questionnaire to instantly generate a highly tailored detailed
advice report (Multimedia Appendix 1), approximately 4 A4
pages in length. The program is informed by (1) theories of
smoking cessation and behavior change, including social
cognitive theory [34] and the perspectives of change model
[35]; (2) findings from previous studies; (3) feedback from the
iQuit in Practice I trial [32]; and (4) best practice guidance from
the National Centre for Smoking Cessation Training [36]. To
ensure adequate tailoring, iQuit asks detailed questions about
an individual’s smoking habits and history, including nicotine
dependence, motivation and determination to quit, reasons for
quitting, self-image, pros and cons of quitting, perceived difficult
situations, children, living with other smokers, social support,
and current health problems. The advice report contains detailed
advice on quitting tailored to 25 items from the web-based
questionnaire. The program can generate over 3300 million
different reports.

Tailored Text Messages
A 90-day program of automatically generated tailored text
messages (Multimedia Appendix 2) is sent to the participant’s
mobile phone, beginning the day before their quit date.
Participants receive either 0, 1, or 2 messages each day
(approximately 1.2 on average), with fewer messages toward
the end of the 90 days. The messages are a further refinement
of those developed for the version evaluated in the first trial
with some additional features [32]. Texts were amended to
reflect the current trend in SMS messaging (eg, the return of
full length rather than abbreviated words, ie, text instead of txt).
However, content, style, and frequency remained unchanged,
as 64.1% of participants in the pilot trial found them useful and
93.7% of participants found them easy to understand. The texts
are designed to remind participants about their quit attempt,
provide information about reasons for quitting, increase and
maintain motivation, boost confidence at quitting, and provide
coping strategies for difficult situations. Messages are
individually tailored using baseline information collected
through the web-based questionnaire with additional information
obtained via interactive messages sent to participants at 4, 5,
and 8 weeks during the program. The 4- and 8-week messages
ask about current smoking status (ie, have they smoked in the
last week. Participants respond by texting Y or Yes, N or No and

those that have smoked in the last week are invited to text in a
new quit date). The 5-week message asks participants about
their confidence in quitting for good using a 5-point scale and
provides feedback in response. Participants can text STOP,
email, or telephone the study team at any time to stop receiving
further messages. For added distraction, participants can text
QUIZ to receive a general knowledge quiz question. After
submitting their answer, they receive a text telling them whether
their answer is correct or incorrect. If they do not respond, they
will automatically receive the correct answer after approximately
5 min. Participants can also text HELP if they are tempted to
smoke, or SLIP if they have had a lapse to receive further
support. If participants want to increase or decrease the
frequency of the text messages, they can text MORE or LESS.

Sample Size, Power, and Precision
In the iQuit in Practice I trial, the quit rates (self-reported
prolonged abstinence at 6 months) were 8.9% and 15.1% in the
control and intervention groups, respectively [32]. If we assume
a 90% response rate to biochemical verification and that 90%
of these are confirmed as nonsmokers (as advised by the chair
of the trial steering committee, Dr Jamie Brown from University
College London), this gives the estimated validated quit rates
of 7.1% and 12.1% for control and intervention, respectively.
An absolute increase of 5% quitting would be a worthwhile and
scalable effect for this low-cost intervention. Detecting an effect
of this size with 90% power using a two-sided chi-square test
at the 5% significance level requires 726 participants per arm
(nonresponders at follow-up assumed to be smoking), and 1452
in total.

In the first 12 months of recruitment, the response rate to
biochemical validation was lower than expected. The observed
response rates suggested that we would fall short of the 282
biochemically validated nonsmokers required to maintain 90%
power (column 3 of Table 3 gives further details). On the basis
that, we needed the same number (n=282) of validated
nonsmokers. Using the observed response rates of participants
to biochemical validation (64%), a revised sample size of 1700
participants was proposed. With 850 participants per arm, the
study has 90% power to detect a 4.3% difference in validated
quit rates of 10.3% versus 6.0% at the two-sided 5% level of
significance. The trial steering committee (TSC) and the research
ethics committee approved the revised sample size of 1700
participants.

Table 3. Sample size assumptions.

Scenario 3, nScenario 2, nScenario 1, nRaw numbers

170014521452Sample size

561479348Self-reported abstinence at 6 months postquit date

287307314Response to biochemical validation

287245282Validated nonsmoker

Randomization
Randomization was stratified by smoking cessation advisor, so
that each advisor would see approximately equal numbers of
intervention and control participants. The allocation sequence

is generated by a computer-based random number generator
using random permuted blocks with block sizes of 4 and 6 to
make the sequence difficult to predict, while avoiding a major
imbalance between intervention and control groups if a block
is incomplete at the end of recruitment. The sequence is stored
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on the web server database, accessible only to the data manager
and the chief investigator. Allocation is made after the questions
in part 1 of the web-based iQuit program have been completed.

Procedure: Initial Consultation
At the start of the initial appointment, the smoking cessation
advisor logs onto the web-based iQuit program, talks through
the information sheet (Multimedia Appendix 3) and goes
through the set of 6 eligibility questions with the patient. If
eligible, the advisor obtains written consent (Multimedia
Appendix 4) from the patient following good clinical practice
guidelines [37].

Once informed consent has been obtained, participants complete
a short health utility questionnaire (EQ-5D-5L) [38] in which
they report any problems with mobility, self-care, usual
activities, pain, anxiety, and depression. Following this, the
smoking cessation advisor continues with usual care before
returning to the iQuit program. There are 2 parts to the iQuit
program. Part 1 includes questions on gender, age, cigarette
consumption, the longest period of abstinence, strength of
motivation, and determination to quit smoking. A quit date
(which must be within 2 weeks of the consultation) is also
recorded in this section along with the CO reading taken earlier
in the consultation. It is only after these questions have been
completed that the computer randomly allocates the participant
to either the control or the intervention group (Multimedia
Appendix 5).

For participants allocated to the control group, there are no
further questions. They are reassured that even though they are
in the control group, their contribution to the research study is
still valuable. They are also reminded that the research team
will follow them up in 6 months. The smoking cessation advisor
finishes the appointment in the usual way, making clinical
follow-up appointments with the participant wherever possible.

For participants randomized to the intervention group, there is
a further set of questions (part 2). These questions include the
tailoring questions described in the intervention section earlier.
Finally, the participant’s mobile phone number is entered, and
their preferred way of being referred to in the text messages.
At the end of part 2, the smoking cessation advisor prints the
generated advice report and hands it to the participant to take
away and read. Intervention participants start receiving the
90-day program of text message support beginning the day
before their quit date.

Procedure: Follow-Up
All participants in the control and intervention groups are
followed up 6 months after their initial quit date. The follow-up
comprises 3 parts:

1. A question to ascertain the success of their quit attempt:
Participants are asked to respond to the question “have you
smoked at all since your quit attempt” with either A1, A2,
or A3 meaning that they have had no cigarettes, not more
than five cigarettes in total or smoked more than five
cigarettes in total, respectively.

2. A saliva sample for biochemical validation: Participants
who respond to the first question with A1 or A2 also receive

a saliva sampling kit for biochemical validation (cotinine
and anabasine in saliva are important biomarkers for
determining a participant’s smoking status) [39,40].

3. A more detailed questionnaire (Multimedia Appendix 6)
that participants can complete on the web, on a printed
copy, or over the telephone.

The preferred method for asking about smoking status is
indirectly through either a text message or via email. However,
if neither of these contact details were available, but the
participant had given a landline telephone number, a researcher,
blind to group allocation, called the participant to ask the
question over the phone. Participants who had not provided a
telephone number or an email address were sent the detailed
questionnaire, which included the primary outcome question,
through the post.

Participants who responded to the first question by text or email
were sent a link to complete the questionnaire on the web.
Participants who responded to the question over the telephone
were given the option of completing the questionnaire at that
time, were sent the questionnaire by post, or completed it on
the web. All participants who answered with either A1 or A2
to the initial question were sent a saliva sampling kit through
the post for biochemical validation of their quit attempt.

All participants were followed up with a telephone call (where
possible) if there was a missing follow-up component (ie, the
saliva sample has not been received by the laboratory within
14 days of it being sent and the questionnaire has not been
returned). Where it was not possible to reach the participant
using these methods, a further sample kit and the questionnaire
was sent to the address we held.

If there was no response to any form of communication within
90 days of their quit date, participants were categorized as lost
to follow-up and treated as smokers for the statistical analysis.

Data Collection, Management, and Analysis
All personal data are stored on a secure server within the
University of Cambridge Clinical School computing services.
Access to the trial database is through a 2-factor authentication
system (Signify). All data are anonymized before analysis and
publication.

Baseline data were collected through the iQuit program, and
follow-up data were collected as described earlier. Saliva
samples were sent to ABS laboratories (BioPark). Cotinine
levels of <15 ng/mL suggest abstinence from smoking by the
participant [41]. Cotinine, however, does not distinguish
between nicotine obtained through tobacco smoke and nicotine
obtained through NRT. Therefore, a second assay to measure
anabasine is run if the cotinine concentration is >15 ng/mL.

Data Monitoring
We have not appointed a data monitoring committee as this is
a low-risk trial assessing a behavioral intervention. However,
a TSC has been formed and meets to oversee recruitment and
follow-up and to provide comments and expertise on the
statistical analysis plan and significant protocol changes.
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Results

In February 2016, the Cambridge East Research Ethics and the
Health Research Authority approved the study to begin
recruiting. Funding began in May 2016 and between August
2016 and July 2019, 1671 participants were recruited. Follow-up
was completed by January 2020 and data collection will
commence in the summer of 2020.

The working protocol for the study is version 7, dated March
27, 2018 (Multimedia Appendices 7 and 8)

Outcomes
In line with the Russell Standard, the primary outcome is
self-reported prolonged abstinence over the entire 6-month
follow-up period (allowing for up to five cigarettes in total),
combined with 7-day point prevalence with biochemical
verification at 6 months [40]. In the event that a participant was
unwilling to provide a saliva sample, they could provide a CO
reading instead. CO readings were taken at their physician’s
surgery (Multimedia Appendices 9 and 10).

Secondary outcomes include (1) CO-verified abstinence at the
4-week quit date follow-up for at least 2 weeks, assessed by the
smoking cessation advisor; (2) self-reported prolonged
abstinence over the whole of the 6-month follow-up period
(allowing for up to five cigarettes in total); (3) self-reported
7-day point-prevalence abstinence at the 6-month follow-up;
and (4) cost and utility measures (ie, the time required to
complete the iQuit program and resource use, including use of
cessation medication).

Process measures, all assessed from the follow-up questionnaire
include (1) the number of serious quit attempts lasting ≥24 hours
during the 6-month follow-up period, (2) motivation and
confidence in quitting, (3) use of strategies to help avoid
smoking or lapsing during the 6-month follow-up period, and
(4) (intervention group only) evaluation of the tailored advice
report and text messaging program (eg, how helpful they found
them, how they felt about the number of texts sent).

Statistical Analysis
A detailed statistical analysis plan was completed by the senior
trial statistician dated August 16, 2018, and approved by the
TSC. The final analysis will be performed after all the follow-up
data has been collected; there is no interim analysis. The
statistician will be blind to group allocation until data queries
have been resolved, and the statistical analysis plan has been
followed. The analysis will take an intention-to-treat (ITT)
strategy approach. The ITT population comprises all patients
that have been randomized, regardless of finding any participant
later to have been ineligible or any controls who have mistakenly
received the behavioral intervention, or any intervention arm
participants who had not received the behavioral intervention.
A per-protocol analysis is not planned because the number of
participants not receiving an intervention was very low in our
previous study [32]. The focus will be on reporting 95% CIs
for estimates of effect size. Statistical tests will be two-tailed
and assessed at the 5% significance level. Tests will be used
sparingly and restricted largely to addressing stated hypotheses

as detailed in the statistical analysis plan, so reporting of P
values will be limited.

Primary Effectiveness Analysis
The primary analysis of the primary outcome will involve
obtaining a point estimate of the intervention effect as the
difference in proportions, with 95% CI and the corresponding
P value for the intervention effect from the Pearson chi-square
test. The primary analysis and sensitivity analysis for handling
missing primary outcome data (primarily assuming this as not
abstinent) will together comprise the ITT strategy. The detailed
statistical analysis plan describes the secondary reporting of
relative effects, such as odds ratio and RR, which should be
useful for comparison with other studies and meta-analyses.
The statistical analysis plan describes further methods for this
sensitivity analysis and for exploratory secondary analysis of
the primary outcome, indicated by unexpected covariate
imbalance. The statistical analysis plan provides further
information as to why, a priori, the primary analysis is decided
to be unadjusted for the stratifier (smoking cessation advisor),
given the low numbers of primary outcome events per stratifier
categories.

Subgroup variables that will be examined as potential
moderators of the intervention are medication use (categorized
into NRT or varenicline), nicotine dependence (based on the
heaviness of smoking index, categories of 7+ and <7), and the
Index of Multiple Deprivation (5 quintile-based categories).
The approach to subgroup analysis will involve assessing the
significance of the interaction of a subgroup variable with arm
allocation and summarizing the intervention effect with a 95%
CI within each category of the subgroup variable.

Secondary Effectiveness Analyses
The key secondary effectiveness outcomes are binary, and a
Pearson chi-square test will be used unless assumptions are
unexpectedly contraindicated. Ordinal response outcomes (and
their changes from baseline, where collected) will be evaluated
between arms using methods for continuous outcomes, in
consideration of the large sample size, unless categories are few
and sparse, requiring categorical analysis methods outlined
further in the statistical analysis plan. Where the baseline is
available, analysis of covariance will be used for continuous
outcomes. Alternatively, the Student t test will be used. If there
is evidence of differential variance between arms (eg, Levene
F-ratio), then an alternative test based on an appropriate
modification to fractional degrees of freedom will be reported
if the variance ratio is large enough to materially alter the result
and conclusion.

Economic Analyses
The economic evaluation will estimate the incremental cost per
incremental individual quitting smoking at 6 months (defined
as self-report with biochemical verification: the primary outcome
measure) and per incremental quality-adjusted life year (QALY)
gained over 6 months.

The setting of the study is English primary care (and is assumed
to be generalizable to the United Kingdom as a whole). The
analytic perspective is that of the NHS over a time horizon of
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6 months. No interim analyses are planned. Costs and outcomes
will not be discounted as the follow-up period is less than one
year. Cost items comprise the index consultation with the
smoking cessation advisor (data derived from the iQuit
program), text messages, prescription medications, and other
primary care contacts. QALYs will be calculated from the
EQ-5D-5L using the recommended set of utility weights at the
time of analysis.

Process Evaluation
Many process measures fall into either ordinal or binary
categories. Those considered to be potential mediators include
motivation, confidence in quitting, use of cognitive behavioral
lapse prevention strategies, medication use, and use of additional
NHS cessation support. Process measures that are
intervention-arm-only are also ordinal or binary, and will be
summarized descriptively in terms of averages and percentages,
and include reading advice reports, reading advice texts, finding
them helpful, and viewing messages (annoying versus pleasing).

For continuous process measures, to obtain valid CIs, the
nonparametric bootstrap method will be considered for use
when the distribution is highly skewed, and an absolute
difference presentation and interpretation is important.

For process measures proximal to the behavior, such as
motivation and confidence in quitting, chi-square trend tests for
between-arm evaluation will be reported after assumption
checking.

For measures proximal to the intervention, such as use of
strategies to help avoid smoking or lapsing during the follow-up
period of the individual’s experience in the trial, Pearson
chi-square test, chi-square trend test, Student t test will primarily
be used depending on response distribution and distributional
assumptions, and interpretability of point and ideally interval
estimate provision.

Discussion

The purpose of this trial is to evaluate the effectiveness and
cost-effectiveness of digital adjunctive support to usual smoking
cessation care in primary care. The trial has been designed
following the Standard Protocol Items: Recommendations for
Interventional Trials [42] and Consolidated Standards of
Reporting Trials [43,44] guidelines (Multimedia Appendix 11),
and feedback from the pilot trial [32] to maximize both internal
and external validities.

Trial Design
A cluster-randomized design was considered for the trial but
decided against. The randomization built into the web-based
iQuit computer program is easily implemented, maintains
allocation concealment, and avoids selection bias. In addition,
if there is a clustering of outcomes, an individually randomized
design requires a smaller sample size to detect an effect. The
computer program randomizes participants during the initial
consultation. The allocation sequence is not accessible to
smoking cessation advisors or participants in advance, and the
advisors and participants remain blinded to group allocation
until after the first set of questions.

However, there are disadvantages to individual randomization
in trials of behavioral interventions. Participants may be
disappointed to learn that they will not be receiving the iQuit
intervention and feel they are not active participants in the trial.

This may, in part, be due to a lack of understanding of RCTs
and the purpose of control groups. Therefore, in the participant
information sheet and with smoking cessation advisors in
training, we provide an explanation of RCTs and why people
allocated to a control group are as important to research as the
group receiving the intervention. Advisors also reassure
participants they will still receive support from them during
their quit attempt.

However, there is the potential for this to lead to systematic
differences between intervention and control conditions in the
usual care component as smoking cessation advisors try to
compensate for this disappointment. However, participants not
receiving the intervention still have access to all available
resources in the same way as the group receiving the
intervention. Therefore, any additional support given to the
control arm would attenuate any intervention effect and thus
have a conservative effect on the results.

Recruitment
We encouraged GP practices to recruit opportunistically rather
than proactively. Although proactive invitation letters can act
as a prompt for participation, this approach was not very
successful during our pilot trial [32] and would likely be
insufficient to recruit the numbers we require. However,
opportunistic recruitment has some disadvantages: (1) more
time is needed to talk with potential participants about the study,
which in a busy general practice can be a challenge, and (2)
recruiting participants who have had to make a quick decision
about taking part in the study. We therefore encouraged GP
practices to hand out study information to patients attending
other consultations (eg, diabetes clinics) and in the waiting room
to maximize the time available for reading information and
coming to a decision. With increased use of electronic-cigarettes
[2], smokers seeking support from smoking cessation services
have fallen over recent years [6]. Therefore, recruitment was
monitored internally and various strategies used to encourage
practices to be more active in their recruitment. Quarterly
newsletters of study progression were produced, and regular
contact with smoking cessation advisors enabled us to work
with them to identify individual issues with recruitment. In the
majority of cases, the over-riding problem was a fall in numbers
seeking support through the surgery. Therefore, further GP
practices were recruited as necessary to ensure we maintained
a steady recruitment rate to reach our target.

Outcome Assessment
The preferred method for obtaining the initial response is by
text or email. Every attempt is made to obtain self-reported
smoking status in this way. However, where there has been no
response to initial attempts, participants are called instead. The
interviewer is initially blind to the participant’s group allocation;
however, during the course of the telephone interview, they will
become unblinded as details of the participants’ quit attempts
are discussed. Self-report outcomes, however, are naturally

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e17160 | p.183https://www.researchprotocols.org/2020/7/e17160
(page number not for citation purposes)

Proctor et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


subject to bias in whichever way they are collected. We will
conform to the Russell Standard definitions of abstinence, and
a saliva sample will be obtained from all participants who
self-report a successful quit attempt to determine their smoking
status. This presents further disadvantages; for example, it may
yield a lower than expected response rate. However, attrition is
monitored along with recruitment, and decisions will be made
to compensate for a lower than anticipated return of saliva
samples. For example, early on during the trial, we decided to
increase the sample size to compensate for a lower than expected
return.

External Validity
In this trial, external validity is increased by using smoking
cessation advisors, employed by practices, rather than research
staff to deliver the intervention and the control intervention.
We used minimal inclusion and exclusion criteria for practices
and participants, and iQuit was designed to be easily
incorporated into usual care, whereas the text messages were

delivered independently of the practice. Opportunistic
recruitment also had the potential to include smokers who would
not necessarily have replied to a study intervention, thereby
increasing the diversity of the study population. However, there
still remains a limitation in the study design, as smokers with
a poor grasp of written English may struggle with the advice
report and texts.

Potential Benefits of the iQuit Program
If the iQuit program is demonstrated to be cost-effective, it
could be delivered across primary care in all regions. Over
100,000 smokers set a quit date in the NHS each year, of which
over 38,000 [45] are seen in primary care. It has the potential
to reach a large number of smokers seeking support to quit. It
may also be beneficial for smokers receiving cessation support
in other settings, such as a pharmacy, which treats over 20,000
smokers per year. The potential benefit would likely be highest
where less behavioral support is delivered.
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Abstract

Background: Almost a quarter or more than a fifth of children in the United Kingdom are overweight or obese by the time they
start school. The UK Department of Health and Social Care’s national policy for combating childhood obesity has critical outcomes
centered on sugar and caloric consumption reduction. Health Education England has developed two digital apps for families with
children up to 15 years and for their associated health care professionals to provide a digital learning resource and tool aimed at
encouraging healthy lifestyles to prevent obesity.

Objective: This feasibility study assesses the usability and acceptability of Health Education England’s NoObesity app for
undertaking activities to improve families’ diet and physical activity. The purpose of the study is to evaluate the app’s influence
on self-efficacy and goal setting and to determine what can be learnt to improve its design for future studies, if there is evidence
of adoption and sustainability.

Methods: The study population will include 20 to 40 families and their linked health care professionals. Considering issues
related to digital access associated with socioeconomic status and the impact on information technology use, study recruitment
will be regionally focused in a low socioeconomic status area. The study will last for 9 months (3-month intervention period and
6-month follow-up). The evaluations of feasibility, acceptability, and usability will be conducted using the following scales and
theoretical frameworks: (1) system usability scale; (2) Reach Effectiveness Adoption Implementation Maintenance framework;
(3) Bandura model of health promotion; and (4) Nonadoption, Abandonment, and Challenges to the Scale-up, Spread, and
Suitability framework. App use will be captured and quantitatively analyzed for net use patterns (eg, number of screens viewed,
number of logins, cumulative minutes using the app, number of plans made, and number of times goals met) and to triangulate
qualitative feedback from study participants.

Results: This study was funded in March 2019 by Health Education England and received University of Oxford Medical Sciences
Interdivisional Research Ethics Committee approval on January 31, 2020 (R62092/RE001). At manuscript submission, study
recruitment is pending, and expected results will be published in 2021.

Conclusions: This study will provide evidence on the NoObesity app’s influence on self-efficacy and goal-setting and determine
what can be learnt to improve its design for future studies, if there is evidence of adoption and sustainability.

International Registered Report Identifier (IRRID): PRR1-10.2196/18068
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Introduction

Background
Obesity is a rising concern globally. In the United Kingdom, it
is projected that by 2030, 41% to 48% of men and 35% to 43%
of women will be obese, and almost a quarter or more than a
fifth of children are overweight or obese by the time they start
school [1]. It is estimated that obesity-related conditions are
currently costing the National Health Service £6.1 billion (US
$7.3 billion; £1=US $1.23) per year, with a cost to society of
these conditions estimated at £27 billion (US $33.3 billion) per
year [2-4]. The UK Department of Health and Social Care
updated the national policy for combating childhood obesity in
2018, with critical outcomes centered on sugar and calorie
consumption reduction [2].

The rapid development of technology has quickly led to a
growing market for various devices and mobile digital software
claiming to aid with weight loss, with 102.4 million products
sold in 2016, and sales expected to continue to rise [5]. The
effectiveness of these technologies has been subject to many
studies [6-10], with some results suggesting that they can benefit
weight loss temporarily. However, sustained weight loss is often
unsuccessful [8,9]. Even when evidence on these interventions
demonstrates a relevant weight loss or reduction in weight gain,
if this benefit only lasts for a short period, it dramatically
reduces the usefulness of these technologies [8,9]. Digital mobile
technology for weight loss could be a novelty that wears off
over time, rather than an intervention for sustained lifestyle
change that can be maintained over the long term. While these
technologies have high potential, the limitations noted require
further analysis to see how the approaches can be used to make
a lasting impact on positive lifestyle change.

Health Education England developed the NoObesity app as a
collaborative initiative between the Universities of Bournemouth
and Southampton in 2017-2018. This work centered on the
development of (1) a family-focused app to enable families to

set health goals, identify barriers, and develop strategies to
overcome them and (2) a professional-focused app to help health
care professionals provide tailored advice to families, provide
information on how to handle common objections, and assist
families with their lifestyle objectives. The project completed
development and user testing on Apple and Android platforms
by producing, testing, and finalizing the functionality and
structure of the app and also writing, testing, and finalizing the
content of the app. User testing consisted of focus groups
conducted with professionals and parents or care givers [11].
This feasibility study aims to gather data on the usability and
acceptability of the NoObesity app for undertaking activities
involving improving family diet, physical activity, and weight.

Solution Overview
NoObesity involves two apps (NoObesity Professional and
NoObesity Family) to support the prevention and management
of childhood obesity targeting professionals and families. The
apps focus on developing the workforce to support families
around childhood obesity and enabling families to set behavioral
goals to support their own health and wellbeing.

The apps bring both workforce development and service delivery
together, which is the result of collaboration that led to the
development of this project.

NoObesity Professional App
The NoObesity Professional app has functionality that supports
knowledge and skill development of the workforce centered on
weight management. Figure 1 outlines the functions in the
NoObesity Professional app, and Table 1 outlines the purposes
and outcomes.

NoObesity Family App
The NoObesity Family app has functionality that enables
families to set behavioral goals to support their own health and
wellbeing. These are highlighted in Figure 2. Table 2 outlines
the purposes and outcomes of the family app use cases.
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Figure 1. Main screen of the NoObesity Professional app.

Figure 2. Main screen of the NoObesity Family app.
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Table 1. NoObesity Professional app functional overview.

OutcomePurposeApp function

Professionals will have an increased awareness of the po-
tential opportunities that could be missed in supporting
families around health and wellbeing.

Professionals will be enabled to reflect on their own prac-
tice when coming into contact with families.

Professionals will see (read) how a Making Every Contact
Count (MECC) approach can be used for their own practice
in supporting families.

This function enables the professional to follow a family
(through a story), where the family comes into contact with
a number of different health care workers. The tasks for
the professional are as follows:

How to help families

• Read the section of the story.
• Score whether the interaction was good.
• Reflect on whether there were any missed opportuni-

ties to talk about health and wellbeing with the family.

The app then provides the professional with information
on how interactions with the family can be improved for
their own practice.

Professionals are able to learn about solutions they can use
to overcome issues and challenges they are presented with.

Professionals are enabled to practice MECC skills, as they
support families to overcome issues and challenges.

This function provides some of the common issues profes-
sionals face when supporting families around healthy eat-
ing, diet, and activity. This function offers professionals
with some solutions on how they can overcome the com-
mon issues and challenges they face.

The solutions are developed with MECC principles, which
allow professionals to use MECC skills in supporting
families.

Common issues

Professionals will gain knowledge of the Eatwell Plate and
physical activity to support families.

These two functions are developed in the form of games
within the app that professionals can play as an approach
to learning in a fun way about what makes a healthy diet
and what level of physical activity is required to burn off
calories.

Healthy challenges &
healthy choices

Professionals will learn about the resources available on
specific aspects of health and wellbeing in order to be better
informed on the topic and possible signposting.

This function provides links to websites for professionals
to access for furthering their own learning and Continuing
Professional Development.

Useful links

Professionals have used the app to develop their knowledge
and skills in supporting the prevention and management
of childhood obesity with the families they support.

This function encourages professionals to do all of the
above as they gain bronze, silver, and gold awards on fur-
ther exploring the content of the app.

Certification
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Table 2. NoObesity Family app functional overview.

OutcomePurposeApp function

Families set goals using a SMARTER process that is part
of the MECC program.

This function enables families to set behavioral goals to
support them in their health and wellbeing. This function
takes them through a Specific, Measurable, Action-oriented,
Realistic, Timed, Evaluated, Reviewed (SMARTER) pro-
cess to make plans and set goals.

Set family goals

Families are able to record their progress and review their
goals.

This function allows families to record how they have been
progressing with family goals and enables them to evaluate
and review their goals if they have not progressed as expect-
ed.

Record family progress

This is used as an engagement tool allowing families to
upload photos of things they have done as a way of encour-
aging them to come back to the app.

This function is in place for families to be able to upload
pictures of themselves doing healthy things. This could be
a meal they have cooked, pictures of them on a health walk,
etc.

Update photo

It enables collection of baseline data to allow for compari-
son of change.

This function supports families to take stock of where they
are around a number of health-related areas. The family
survey includes the following questions:

Family survey

• How much water do you drink?
• How much fruit do you eat?
• How many vegetables do you eat?
• How much physical activity do you do?
• How much sleep do you have?
• How much screen time do you have?
• How often do you brush your teeth?
• How happy do you feel?
• What is your body size?

These questions can be completed by more than one person,
so you could end up with a health survey for all members
of the family. Once the survey is completed, the app will
prompt families to think about setting a goal around one
of the areas of the health survey (if they have scored low
on it).

It enables families to learn about the Eatwell Plate and
about physical activity.

This function is the same as in the Professional app.Healthy choices & healthy
challenges

Families gain solutions on how they could approach issues
and challenges using a MECC approach.

This function supports families in thinking about how they
can overcome the challenges that they face when supporting
their children around healthy eating, etc.

Parent’s survival guide

It enables families to learn about other resources available
to support their health and wellbeing.

This function is the same as in the Professional app.Useful links

Linking the Apps
The two apps can be linked using a QR code, which is led by
the family who may wish to share the goals and progress they
have made with a health care worker. For example, this could
be during a general practitioner consultation or a visit to the
local children’s center. The professional will only see the
family’s survey results, goals, and progress. This will allow the
professional to better tailor the support they provide to the
family.

Research Questions
The purpose of this study is to investigate the following research
questions (Figure 3): (1) What are the issues impacting
self-efficacy, perceived benefits, and barriers for digitally
delivered interventions to prevent childhood obesity (specifically
examining learning and associated actions with regard to diet
and physical activity)? (2) How can interventions delivered
digitally (eg, NoObesity app) build communication among
participants (parents or guardians and health care professionals)
to create engagement and education on positive lifestyle habits
(parents or guardians and health care professionals)?
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Figure 3. Study logic model.

Methods

Design
This investigation will take the form of a feasibility study using
mixed methods. To address the study research questions,
quantitative monitoring of app users will be supplemented by
qualitative interviews with parents or guardians and health care
professionals (Multimedia Appendix 1).

Recruitment
We will recruit 20 to 40 families and their associated or linked
health care professionals (eg, allied health professionals and
health visitors). There will not be separate recruitment of health
care professionals; the only included health care professionals
will be those whose clients are also using the app in this study.
A central objective of this study is to reach demographic
saturation (ethnicity, social-economic background, and
education) for family study participants; study recruitment will
continue until there is a representative sample from each
category. Considering issues related to digital access with regard
to socioeconomic status and the impact on information
technology use, study recruitment will be regionally focused in
a low socioeconomic status area. Recruitment material will be
distributed via web-based advertising (Google AdWords), with
full study details shared to potential participants via a University
of Oxford study recruitment webpage. Once identified, potential
participants will be sent copies of all consent and study
information (Multimedia Appendix 2 and Multimedia Appendix
3). Participants will then have an opportunity to review the
material. If they wish to proceed, they can register for the study.

Research Participants
Research participants will be limited to parents or legal
guardians and their health care professionals using the app. An
Amazon gift voucher will be given as compensation to
participants who complete the study.

Inclusion Criteria
The inclusion criteria are centered on adult users (over 18 years)
of the app to focus on interactions associated with family goal
setting. Children are excluded from the study to focus on the
capability of the app to influence adult participants.

The following inclusion criteria will be used: (1) fluency in
English; (2) willingness to use the app; (3) parents or legal
guardians of a child or children; (4) health care professionals
linked to the parent or guardian; and (5) owner of a smartphone
to access the app, with 4G data access.

Exclusion Criteria
The following exclusion criteria will be used: (1) individuals
who are known to the researchers or staff at Health Education
England; (2) deaf or hearing impairment (there is no capability
to manage this participant type in this study); (3) prior use of
the app before study commencement; (4) refusal to give
informed consent; and (5) children, vulnerable young people,
or vulnerable adults.

Study Duration and Follow-Up
The study will last for 9 months (3-month intervention period
and 6-month follow-up). Participants will be invited to use the
NoObesity app for goal setting and monitoring family activities.
The app will be used over the internet via their smartphones at
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any location during the study period of 3 months. Following a
process of informed consent, if participants proceed with the
study, they will be given access to links to download and install
the app. It is important to note that there are two separate apps,
one for families and another for allied health professionals.
While the family app is used for family goal planning, the
professional app is for monitoring. If health care professionals
opt into the study, they will also be interviewed, but separately
from the family participants. Interview questions will be asked
within the context of how the health care professionals
interpreted the impact of the app on their associated client
families (same questions will be used but from the perspective
of app use and monitoring of outcomes).

Theoretical Framework
The evaluations of feasibility, acceptability, and usability will
be conducted using the following scales and theoretical models
or frameworks: (1) system usability scale [12]; (2) the Reach
Effectiveness Adoption Implementation Maintenance framework
[13] will be used to include information regarding target
population reach, the potential for solution impact, adoption by
target users, implementation consistency, and costs during
delivery and maintenance of the intervention; (3) the Bandura
model of health promotion [14] described by social cognitive
theory will be used in measurement development and validity,
with specific emphasis on self-efficacy, perceived benefits, and
perceived barriers [15]; and (4) the Nonadoption, Abandonment
and Challenges to the Scale-up, Spread and Suitability
framework will be used to evaluate long-term adoption and
suitability to further trials [16].

Data Collection

Quantitative Data
App use will be captured for net system use patterns; this will
include an examination of app usage and engagement throughout
the system. The primary method of evaluating factors impacting
uptake will be drawn from qualitative investigation, and data
concerning system use will be used as a means to triangulate
qualitative findings.

Qualitative Data
Surveys and semistructured interviews will be undertaken to
evaluate the acceptability and usability of the app. Interviews
will be scheduled to last between 40 and 60 minutes (Multimedia
Appendix 4). The interviews will be executed at 3-month and
6-month intervals to allow for analysis of the impact of the
intervention. Interviews will be conducted through web-based
conferencing and telephone conference calls because participants
are geographically dispersed. Participants will also be provided
with a copy of the study findings that will be published in a
peer-reviewed journal.

Data Analysis

Quantitative Data
Web server access logs will be used for analysis of net use
patterns (eg, number of screens viewed, number of logins,
cumulative minutes using the app, number of plans made, and
number of times goals met).

Qualitative Data
All interviews will be audio recorded on a digital recorder,
transcribed, and coded using thematic analysis [17]. Interviews
(at 3-month and 6-month intervals) will be used to explore the
factors influencing topic engagement [17] as follows: (1)
self-monitoring; (2) goal setting; (3) physical activity and
healthy eating support; (4) weight and health assessment; (5)
personalized feedback and motivational strategies (rewards,
prompts, or gamification); and (6) social support and health
care professional involvement.

Bias
Participants will be asked to provide consent and will be given
information on the structure of the study to ensure understanding
of the research study. To avoid bias, the criteria to exclude
participants who have a relationship with any of the study
researchers or who are employed by the university will be
enforced. In order to address unconscious bias or other forms
of interview recruitment issues, all participants will be included
in the study and analysis.

Risks
Interview questions will avoid areas of culturally sensitive issues
and will be purely focused on the impact of the intervention.
To control any potential perceived issues in this area, participant
confidentiality will be protected using data protection procedures
complying with European Union data security legislation.

Informed Consent
Prior to completing informed consent, participants will be given
information that fully describes the process of the study,
including why their participation is necessary, how it will be
used, and who the results will be reported to. The research team
recognizes the rights of the participants to withdraw from the
study at any time and have their data destroyed, and participants
will be informed of this. If there are issues identified during the
study by study participants, they will be documented and
escalated to the Head of the Department, who will take action
with the principal investigator. The study will also be overseen
by a study steering committee who will monitor adherence to
the study protocol. Minutes capturing discussions and key points
will be recorded and published.

Data Management
Each participant will be given a unique identifier (ID). The
primary key between the unique ID and participant will be held
securely on an encrypted secured drive within the university
network. The primary key is maintained in the event of a
participant wishing to withdraw their data from the study; if
such a request is received, all corresponding data and files will
be destroyed. Only the research administrators will have access
to this file. Although basic demographic information will be
captured, the only route to identification will be via this unique
ID. Sessions will be recorded and then transcribed by an internal
third party (a research assistant trained in transcription) with
reference to the unique ID only. The risk of identification will
be very low owing to this measure being taken. Only researchers
listed in this application and the principal investigator in the
research team will have access to the research data. No research
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data will be transferred to other organizations, and the results
will be disseminated via publications. Records of consent will
be kept for 3 years after the publication of the final study results.
To comply with the General Data Protection Regulation and
the Data Protection Act 2018, personal data will be deleted 3
years after the publication of the final study results. All
electronic data will be captured and stored on a
password-protected network drive within the University of
Oxford network. Access to these files will be limited to the
principal investigator, the coinvestigator, a research assistant,
and a research associate. Electronic data will be coded using
the ID and primary critical pseudonymization process.

Results

This study was funded in March 2019 by Health Education
England. A study steering committee was convened in July
2019, where the initial study design was discussed and
subsequently reviewed by the principal investigator and the
board. After considering feedback, a finalized ethical submission
was prepared and approval was received from the University
of Oxford Medical Sciences Interdivisional Research Ethics
Committee on January 31, 2020 (R62092/RE001). At manuscript
submission, study recruitment is pending, and expected results
will be published in 2021.

Discussion

Overview
This study will provide evidence on the NoObesity app’s
influence on self-efficacy and goal setting to improve its design
for future studies, if there is evidence of adoption and
sustainability. There are gaps in the literature on the lack of
effectiveness of mobile apps in improving health behaviors [18]
and the need for an iterative design to improve usability [8]. It
is hoped that this study will provide variables that can be further
evaluated in future studies.

Methodological Limitations
This study is a limited feasibility study observing factors
influencing app usage. It is important to note that this study
type does not prove effectiveness.

The study methods have been designed proportionate to the
resources available for study execution. A higher investment
in study resources could lead to a richer set of results; for
example, an iterative approach with families and their children
would lead to a richer data set and stronger triangulation of
results. Owing to limitations of resources, the study does not
have provision for parents or guardians who are deaf or hearing
impaired.

The study focuses on the recruitment of participants directly
via families; however, direct recruitment of health care
professionals could have been an alternate recruitment approach
that could lead to more robust targeting of prospective family
study participants. This is because health care professionals
would have informed views on families having the best potential
need for the intervention. The study focuses on family
recruitment because of the open nature of access of the app via
digital stores and the likelihood that families will access the app
promptly. These assumptions will be tested within the study.

There is a risk with regard to the nature of the study. The
intervention type will not reach low socioeconomic status
demographic participants, and there could be bias toward
educated and motivated participants. Use of the technology
could potentially create further digital access inequality. An
attempt has been made to mitigate this in the study approach
through recruitment from a low socioeconomic status geographic
area.

The study excludes children as study participants and focuses
on parents or guardians. An alternate study design could obtain
quantitative or qualitative feedback directly from children.
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Abstract

Background: Musculoskeletal (MSK) pain is a major cause of pain and disability. We previously developed a prognostic tool
(Start Back Tool) with demonstrated effectiveness in guiding primary care low back pain management by supporting decision
making using matched treatments. A logical next step is to determine whether prognostic stratified care has benefits for a broader
range of common MSK pain presentations.

Objective: This study seeks to determine, in patients with 1 of the 5 most common MSK presentations (back, neck, knee,
shoulder, and multisite pain), whether stratified care involving the use of the Keele Start MSK Tool to allocate individuals into
low-, medium-, and high-risk subgroups, and matching these subgroups to recommended matched clinical management options,
is clinical and cost-effective compared with usual nonstratified primary care.

Methods: This is a pragmatic, two-arm parallel (stratified vs nonstratified care), cluster randomized controlled trial, with a
health economic analysis and mixed methods process evaluation. The setting is UK primary care, involving 24 average-sized
general practices randomized (stratified by practice size) in a 1:1 ratio (12 per arm) with blinding of trial statistician and outcome
data collectors. Randomization units are general practices, and units of observation are adult MSK consulters without indicators
of serious pathologies, urgent medical needs, or vulnerabilities. Potential participant records are tagged and individuals invited
using a general practitioner (GP) point-of-consultation electronic medical record (EMR) template. The intervention is supported
by an EMR template (computer-based) housing the Keele Start MSK Tool (to stratify into prognostic subgroups) and the
recommended matched treatment options. The primary outcome using intention-to-treat analysis is pain intensity, measured
monthly over 6 months. Secondary outcomes include physical function and quality of life, and an anonymized EMR audit to
capture clinician decision making. The economic evaluation is focused on the estimation of incremental quality-adjusted life
years and MSK pain–related health care costs. The process evaluation is exploring a range of potential factors influencing the
intervention and understanding how it is perceived by patients and clinicians, with quantitative analyses focusing on a priori
hypothesized intervention targets and qualitative approaches using focus groups and interviews. The target sample size is 1200
patients from 24 general practices, with >5000 MSK consultations available for anonymized medical record data comparisons.
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Results: Trial recruitment commenced on May 18, 2018, and ended on July 15, 2019, after a 14-month recruitment period in
24 GP practices. Follow-up and interview data collection was completed in February 2020.

Conclusions: This trial is the first attempt, as far as we know, at testing a prognostic stratified care approach for primary care
patients with MSK pain. The results of this trial should be available by the summer of 2020.

Trial Registration: ISRCTN Registry ISRCTN15366334; http://www.isrctn.com/ISRCTN15366334.

International Registered Report Identifier (IRRID): DERR1-10.2196/17939

(JMIR Res Protoc 2020;9(7):e17939)   doi:10.2196/17939

KEYWORDS

musculoskeletal; primary health care; stratified care; randomized controlled trial; therapeutics; economics; outcome and process
assessment, health care; prognosis; qualitative research; back pain; osteoarthritis

Introduction

Background
Musculoskeletal (MSK) pain from common conditions such as
back pain and osteoarthritis is a major cause of pain and
disability. Estimates from the most recent global burden of
disease study suggest that it is the leading cause of
disability-adjusted life years (DALYs) in Western Europe and
Australia [1]. Overall, it accounts for 6.8% of global DALYs,
comparable with cancer (7.8%), ischemic heart disease (5.2%),
and mental health disorders (7.4%). This burden is reflected in
health care use, particularly in UK primary care where MSK
pain accounts for around one-fifth of all consultations [2-4]. It
also accounts for 8.8 million physiotherapy consultations and
over 3.5 million calls annually to emergency services [5].
Usually, general practitioner (GP) care for MSK pain involves
a long-term management approach carried out during short
10-min face-to-face consultations during which patients are
assessed and treated with advice, education and reassurance,
analgesic medication, referral for investigation(s), referral to
other services offering conservative treatments such as
physiotherapist-led exercise, or referral to secondary care
medical specialists such as orthopedic consultants and
rheumatologists. For many patients, primary care clinicians
should reassure them that their MSK pain is not associated with
serious underlying pathology, that the prognosis is usually good,
and that further tests are not indicated, combined with advice
and support to help them stay active [6]. However, evidence
suggests substantial variability in clinical practice, with
treatment often not in line with best practice recommendations
in guidelines, particularly with respect to opioid medication and
x-ray investigation [7].

Due to the high prevalence of these common symptoms, MSK
pain has overtaken mental health issues such as stress as the
number one reason why people take time off work in Europe
and the United States [1]. The early identification and improved
management of those at risk of severe disabling MSK pain in
primary care, where the majority of these patients are managed,
is therefore a high priority [8]. Patients with different MSK pain
presentations (eg, back, neck, knee, shoulder, or multisite pain)
share common prognostic factors [9]. Co-occurrence of MSK
pain located in more than one body region is common [10], with
the risk of a poor outcome increasing for those with multisite
pain [11]. For example, the Chronic Pain Risk Score [12] has

been shown to have predictive validity among patients with
MSK pain in different body regions [13-15]. However, previous
prognostic questionnaires such as the Chronic Pain Risk Score
and the Orebro-MSK Pain Screening Questionnaire [16] were
not designed to guide primary care management, and their use
in primary care clinical practice is uncommon.

Consequently, we previously developed a prognostic tool (Start
Back Tool) specifically for use in primary care to guide the
management of patients with low back pain [17]. Prognostic
stratified care models involve matching treatments to the
patient’s prognostic profile to support clinical decision making
in an effort to maximize treatment benefits, reduce harm, and
increase health care efficiency [18]. The Start Back Tool consists
of 9 questions summed into an index score. It utilizes cutoff
points to identify 3 prognostic subgroups (patients at low,
medium, or high risk of persistent disabling pain). In 2 previous
UK studies, stratified care for back pain, based on matching
treatment to prognosis, led to superior clinical and economic
outcomes compared with best current practice and usual primary
care [19,20]. The evidence suggested that patients at low risk
received fewer investigations and referral to secondary care,
and in contrast, patients at medium or high risk were matched
to treatments that could better meet their needs, leading to
improved outcomes.

Rationale
A logical next step is to determine whether a similar model of
prognostic stratified care might also have benefits for primary
care patients with a much broader range of MSK pain
presentations. The 5 most common MSK pain presentations in
UK primary care are low back pain, knee pain, shoulder pain,
neck pain, and multisite pain [2]. In a research program with 4
work packages (the Start MSK program), our team first
developed and validated a new 10-item prognostic tool, the
Keele Start MSK Tool, to stratify patients with the 5 most
common MSK pain presentations into subgroups (those at low,
medium, and high risk of persistent pain and disability) [21].
Second, we agreed on evidence-based recommended matched
treatment options for patients in each subgroup following a
systematic review [22] and expert consensus process [23]. Third,
we conducted an external feasibility and pilot randomized trial
with 524 patients from 8 general practices (4 intervention and
4 control) [21,24]. The pilot trial confirmed the acceptability
of using a stratified care approach in primary care consultations
and also helped to refine our recruitment, retention, and sample
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size estimates, ahead of the main trial. The findings informed
the final wording of the self-report version of the Start MSK
Tool, led to a clinician-completed version of the tool, and
allowed us to simplify the recommended matched treatment
options. All changes made to the main trial protocol following
the pilot trial were discussed, shared, and agreed with the trial
funder the National Institute for Health Research (NIHR), the
Trial Steering Committee (TSC), and the Data Monitoring
Committee (DMC).

Aims and Objectives

Primary Objective
The primary objective of the Start MSK main trial is to
determine, in patients presenting with 1 of the 5 most common
MSK pain presentations in UK primary care, whether stratified
care involving the use of the Keele Start MSK Tool to allocate
individuals into low-, medium-, and high-risk subgroups, and
matching these subgroups to recommended matched clinical
management options, is more clinically and cost effective
compared with usual nonstratified primary care. The primary
clinical outcome is average pain intensity over the past 2 weeks
measured each month for 6 months.

Secondary Objectives
The secondary objectives of the trial were as follows:

1. Examining differences in secondary clinical outcomes, clinical
decision making and behaviors, and health economic outcomes
at the 6-month follow-up:

• Patient outcomes include physical function, confidence in
managing their pain (pain self-efficacy), psychological
distress, fear-avoidance beliefs, patient-perceived
reassurance from their clinician, pain interference with
sleep, hobbies/leisure activities, pain interference with work
and daily routine, health-related quality of life, and patient
satisfaction with care received.

• Clinical decisions and behaviors of interest include
identifying whether stratified care changes the primary care
management of MSK patients. We anticipate that primary
care clinical management will become more consistent for
patients within each risk group and be more in line with
stratified care, where patients at low risk of persistent
disabling pain are less likely to be referred for additional
health care, whereas patients at medium or high risk are

more likely to be referred for additional health care in ways
that match the recommended management options. Using
the practices’ medical record data, we will examine
differences between the trial arms in clinical decision
making and behaviors.

• Health economic evaluation will determine the cost-utility
of stratified care in comparison with usual, nonstratified
care. A cost-consequence analysis will initially be reported,
with a subsequent cost-utility analysis from a health care
perspective to determine cost per quality-adjusted life years
(QALYs) gained, calculated using EuroQol-5D-5L
(EQ-5D-5L) responses from the initial and 6-month
questionnaires. A broader costing perspective will be
considered in a sensitivity analysis, taking into account
National Health Service (NHS)/Personal Social Services
(PSS) costs and productivity costs associated with time off
work. The outcome of interest for the economic analysis
will be QALYs. Additional exploratory analyses will
consider the cost-effectiveness of stratified care compared
with usual nonstratified care for patients at low, medium,
and high risk of persistent disabling pain.

2. Undertaking a process evaluation to explore how stratified
care, as a complex intervention, interacts with existing patterns
of service organization, professional practice, and
professional-patient interaction. The evaluation will use mixed
quantitative (eg, a mediation analysis) and qualitative methods,
integrating data both at the collection and analysis stages, to
generate more detailed and comprehensive findings.

Methods

Study Design and Setting
The Start MSK trial is a pragmatic, two-arm, parallel, cluster
randomized controlled trial (RCT), with a linked health
economic analysis and mixed methods process evaluation. The
setting is UK primary care, and the trial will include
approximately 24 average-sized general practices with a total
registered adult population of approximately 120,000. General
practices will be randomized to either the stratified care
intervention (12 practices) or the usual, nonstratified care (12
practices). The units of randomization are the general practices,
and the units of observation are adults consulting for MSK pain
with 1 of the 5 most common MSK pain presentations (Figure
1).
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Figure 1. Flowchart of patient recruitment. CTU: clinical trials unit; GP: general practice; MSK: musculoskeletal.

The intervention in both arms of the trial will include an
embedded template within the general practice computer system,
which will pop-up during the first relevant Read-coded MSK
pain consultation within the specified study period (termed the
MSK consultation; this may be the first consultation or a repeat
consultation for MSK pain). However, the content of the
template will differ between the 2 arms of the trial. In the control
arm, it includes 3 questions: (1) the eligibility of the patient to
be invited to participate, (2) the location/site of MSK pain for
which the patient is consulting, and (3) the average MSK pain

intensity in the past 2 weeks (primary outcome). In the
intervention arm, in addition to these 3 questions, the template
also includes the Keele Start MSK Tool and recommended
matched treatment options [21].

A cluster RCT rather than an individual patient RCT was chosen
for both scientific and practical reasons. Stratified care is a new
way of working, and the tool, training, and support are delivered
at the general practice level (eg, the computer template once
installed will pop-up on all computers in practice). Primary care
clinicians would likely find it difficult to behave differently
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toward individuals randomized to control and intervention arms,
and therefore, the probability of contamination between the 2
arms would be high using an individual patient randomized trial
design. This trial can be thought of as a professional-cluster
intervention type [25], in that the stratified care intervention
involves changing the professional’s behavior during the
consultation, in this case, using a prognostic tool and matching
patients to clinical management options. Although the patient
can opt out of data collection, the intervention is still likely to
have an effect on them as it involves introducing specific
questions and recommendations about matched treatment
options into the consultation.

Minimizing Systematic Bias
The risk of selection bias, specifically of recruitment and
participation bias, is a known concern in cluster RCTs [26]. A
number of steps have been taken to minimize this, which were
tested in the pilot RCT, where we observed no evidence of
selection bias:

• The initial part of the computer template to help identify
eligible patients is automated based on diagnostic codes
entered during the consultation and operates in the same
way in both arms of the trial.

• If the clinician deems a patient to be ineligible, they are
asked to give a reason for this exclusion so that these
reasons can be compared across intervention and control
arms. This process is monitored during trial recruitment,
with monthly feedback provided to participating practices
showing the frequency of template noncompletion, and the
proportions of different reasons for ineligibility.

• Patients in both arms of the trial will receive identical study
invitation packs comprising the same patient information
leaflet (PIL; which does not mention stratified care, only
that the study seeks to better understand how common aches
and pains affect patients and how primary care can be
improved), invitation letter, questionnaire, and consent form
for data collection, minimizing the risk of patients in
intervention or control arms being more or less likely to
participate (participation bias).

General Practice Recruitment and Consent
It is anticipated that an estimated eligible target population of
approximately 9000 patients will be identified within a 6-month
recruitment window from approximately 24 average-sized
general practices (approximately 120,000 registered adults).
Practices will include those that range in size (based on patient
list size and number of GPs) and a range of settings (urban,
semi-urban, and rural). The practice eligibility criteria includes
those that use the Egton Medical Information Systems (EMIS)
web clinical system (most commonly used electronic medical
record [EMR] system in the United Kingdom), those proficient
at using Read codes (diagnostic codes) during MSK
consultations evidenced through an audit of their recent Read
coding behavior, willingness to undergo the training and support
sessions needed to become familiar with the stratified care
intervention, willingness to participate in anonymized
aggregated medical record audits of MSK consultations during

the trial recruitment period, and willingness to engage with the
process evaluation.

The balance between scientific considerations and the need for
consent is a known issue for cluster RCTs [25,26]. Informed
consent for practices to participate is formalized through written
agreements led by the senior GP partner in each practice acting
as a guardian for patients in their care, following agreement
with their team to provide either usual care or stratified care for
the period of the trial (dependent on random allocation). It is
anticipated that practices will actively recruit patients for
approximately 6 months, with practice recruitment periods
staggered over a 12-month period. Reimbursement for the
practice time to recruit and participate in the training is provided.

Individual Patient Participants
Potential individual patient participants will consult at a
participating practice with 1 of the 5 most common MSK pain
presentations (back, neck, knee, shoulder, or multisite pain) as
determined by the clinician at the point of consultation.

Patient inclusion criteria were aged 18 years and over, registered
at the practice during the recruitment period, with a recorded
relevant MSK pain Read code entered into the computer system
(this may be the first or a repeat consultation), a completed
study template, consent to study data collection, consent for
research team to have access to their medical record data, and
completion of the initial postal questionnaire within 4 weeks of
the first mailing.

Patient exclusion criteria were those with indications of serious
red flag pathology (eg, recent trauma with significant injury;
acute, red, hot swollen joint; suspected fracture; joint infection;
cancer; and inflammatory arthropathy such as rheumatoid
arthritis, spondyloarthropathy, polymyalgia rheumatica, and
crystal disease [gout]), those with urgent medical care needs
(eg, cauda equina syndrome), vulnerable patients (including
any patients on the severe and enduring mental health register,
those who have a diagnosis of dementia, those with a recent
diagnosis of a terminal illness, those who have experienced
recent trauma or bereavement, or those nearing the end of their
life), and those who are unable to communicate in English (both
in reading and speaking).

Patient Recruitment for Outcome Data Collection
As described above, an electronic computer template designed
to automatically fire to help identify patients will be installed
on participating practice computer systems, when 1 of
approximately 200 different MSK pain–related Read codes
(symptom or diagnostic codes) is entered, as defined by Jordan
et al [2] and informed by our pilot RCT (Figure 2). Clinicians
will be trained to use this system, but it is already standard
practice in NHS primary care since 1985 for clinicians to use
this standard vocabulary to record patient findings and
procedures in health and social care Information Technology
(IT) systems across the United Kingdom. In the consultation,
when an MSK-related Read code is entered onto the EMR
system, the trial-specific template will be activated. Initially, it
prompts the clinician to notify eligible patients about the
research study by reading the following:
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Figure 2. Details of the trial recruitment template. GP: general practice; MSK: musculoskeletal; Q: question.

Our practice is working with Keele University on a
research study about ways to improve treatment for
common aches and pains such as back, neck, knee
and shoulder pain. As you have consulted today for
one these conditions, we would like to share your
contact details with the researchers so that they can
send you details of the study. Is that ok with you?

Patients who do not give this consent do not have their contact
details shared with the research team. Individuals who have

previously asked not to be part of any research within the
practice are given a Read code that prevents the template from
firing in the first place. Retention of identifiable patient data is
restricted to the limited period of invitation only, after which,
the data of subsequent nonconsenters to the trial will be
destroyed. The Keele Clinical Trials Unit (CTU) operates this
activity in compliance with the provisions of the Data Protection
Act (1998) and adheres to appropriate standards of governance
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and security as outlined by the sponsor’s (Keele University)
standard operating procedures (SOPs).

Practice staff supported by the NIHR Clinical Research Network
(CRN), where possible, will regularly (typically weekly) send
the contact details of patients for whom the template has been
successfully completed to Keele CTU for the purpose of mailing
patients their invitation letter, using a secure NHS.net email to
transfer data including name, address, Read code for pain site,
date of consultation, and EMIS patient identification number.
On a monthly basis, the participating practices provide
anonymized information about the number of patients for whom
the study template is activated and how many of those are not
fully completed. This facilitates the provision of a monthly
report of their template completion rate and, for intervention
practices, additional details about their fidelity to choosing
recommended matched clinical management options for patients
at low, medium, and high risk.

Eligible participants (from both trial arms) will be sent identical
study packs in the post containing a letter from the patient’s
general practice introducing the study; a PIL, which describes
the study and includes instructions on what to do if they wish
to take part; an initial questionnaire, including a consent form
to record consent for data collection; and a stamped addressed
envelope. The following mechanisms will ensure that only
eligible and appropriate patients are invited: (1) a list of relevant
exclusion Read codes (eg, recent cancer diagnosis) will be used
to automatically prevent the template from firing and (2)
clinicians will be able to screen individual patients for their
suitability at the point of consultation.

In the initial questionnaire sent to patients, participants will
provide their written consent for researchers to use their data
for this research. A study team member (blind to practice
allocation) will support patients who telephone with questions
or who need additional support to complete their postal
questionnaires, monthly SMS texts, or 1-page questionnaires.
The same set of MSK Read codes that trigger the automated
template was successfully used as the identification method in
our pilot RCT. The electronic identification method is designed
to ensure that the template pop-up is only activated once per
patient, so individuals can only be invited once to participate
in this study. Eligible patients who do not respond within 2
weeks of their initial study invitation will be contacted again
with another study pack. Patients who do not complete their
initial questionnaire within 4 weeks of the initial mailing date
will not be contacted again for follow-up data. Patients who
return their initial questionnaire and consent to further data
collection will be included in the study. The primary outcome
(pain intensity) will be collected once a month for 6 months via
SMS text or 1-page postal questionnaire (depending on
participant preference).

The procedures for reminders for the SMS text monthly
communications are as follows: the initial contact will be sent
on the next Sunday afternoon that is closest to a calendar month
following their initial questionnaire mailing date. If there is no
response to this initial contact, a reminder communication will
be sent on Tuesday afternoon. If again, there is no response
after 48 hours, we will send the monthly 1-page postal

questionnaire. On the second consecutive month, we will repeat
this procedure; however, if there is no response, in addition to
sending the monthly 1-page postal questionnaire, a study team
member will telephone the patient to establish what the problem
is, seek to resolve it, provide appropriate support, and collect
the data where possible. For those receiving the monthly 1-page
postal questionnaire, nonresponse after 2 weeks will lead to
another 1-page postal questionnaire. Nonresponse on a second
consecutive month will lead to a study team member telephoning
the patient to establish what the problem is, seek to resolve it,
provide appropriate support, and collect the data where possible.
Participants will also receive a 6-month follow-up questionnaire
to collect further outcomes. Nonresponders to the 6-month
follow-up questionnaire will be sent a reminder postcard at 2
weeks and a full questionnaire 2 weeks later (ie, at 4 weeks),
and for those who have not responded, a brief questionnaire
will be sent after 6 weeks to collect key outcome measures. We
will try to collect minimum data over the telephone from
participants at 8 weeks where needed. These follow-up methods
have been used successfully in previous studies [27-30],
including the pilot RCT.

Randomization and Blinding
Practices will be randomized in a ratio of 1:1 to intervention or
control using stratified block randomization [31] based on
practice patient list size using a Keele CTU computer-generated
random sequence and concealment by ensuring that each
practice has an anonymized code. The randomization sequence
and stratification will be carried out by the senior trial
statistician. The block randomization will follow Keele CTU’s
randomization SOP, and the data sequence will be held on a
secure server. Blinding for individual clinicians is not possible,
but any staff involved in the collection or database entry of
patients’ outcome data will be blind to allocation. Access to the
allocation sequence will be restricted to those with authorization.
Allocation will be shared with the study team (except for the
trial statistician and data entry staff who are to remain blind)
who will then arrange to inform each practice about their
allocation. Data cleaning/checking through stage 1 data-freeze
and stage 2 data-lock reviews will be carried out by the trial
statistician, thus maintaining blinding to allocation. The TSC
will also be blinded to allocation unless it becomes absolutely
necessary to reveal allocation. The DMC trial statistician will
be involved in the allocation assignment and, therefore, will not
be blinded throughout the study. These processes follow
recommendations for cluster trials [26] to reduce selection bias
where randomization is before patient data collection.

Interventions

Practice Recruitment Template Installation
Following confirmation that a practice is eligible and willing
to take part, an initial setup meeting will be held between the
practice, study research team, and a CRN member. This will
take place for all practices in both arms of the trial and will be
followed by training sessions where the computer template will
be installed and demonstrated on the practice’s EMIS clinical
system. Once the template is installed, the practice is live, and
potentially eligible participants will be identified in
consultations.
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Intervention Arm
The recommended matched clinical management options are
not new but summarize available evidence-based options into
those considered by expert consensus to be appropriate for
patients at low, medium, and high risk of persistent pain and
disability.

The Start MSK stratified care approach has 2 components: (1)
prognostic tool and (2) matched options.

Prognostic Tool
The Keele Start MSK Tool (clinician-completed version) is
freely available [32]; is used in the patient consultation [21];
and is supported by an embedded template in the practice’s
computer system, dedicated training and support sessions,
regular audits, peer feedback, and clinical mentoring
opportunities using an evidence-based clinician support package
to support clinician behavior change [33]. The prognostic tool
has 10 questions from which the patient’s score and subgroup

(low, medium, or high risk of persistent pain and disability) are
calculated.

Matched Options
Appropriate matched clinical management options based on an
individual’s prognosis on the Keele Start MSK Tool will be
displayed to support clinical decision making. The matched
clinical management options were identified by an evidence
synthesis [22], followed by 3 expert consensus workshops [23],
during an earlier phase of research, and then further refined
following the Start MSK feasibility and pilot [21].

Per Protocol Treatment Decision Rules
Patients at low risk will be considered to be treated per protocol
if they receive only treatment options 1 or 2 (Figure 3). Patients
at medium risk will be per protocol if they receive any of
options 3-6 (although option 5 is for specific pain sites only).
Patients at high risk will be per protocol if they receive option
3 or any options between 7 and 11.

Figure 3. Recommended matched treatment options. GP: general practice; MSK: musculoskeletal; NSAIDS: Nonsteroidal anti-inflammatory drugs.

The matched options for patients at low risk include advice and
education (using printed materials where possible),
over-the-counter analgesics, and avoidance of MSK
investigations and referrals (where possible). Matched options
for patients at medium risk, in addition to the low-risk options,
include GPs being encouraged to refer patients to physiotherapy,
to review their pain medication, and to consider investigations
where necessary. Matched options for patients at high risk, in
addition to the medium- and low-risk options, include
prescription of atypical analgesia if neuropathic pain is present;
referral to specialist services (eg, orthopedics, rheumatology,
and pain clinics); imaging; and/or booked reviews to manage

complex clinical factors such as comorbidities, polypharmacy,
and frailty.

Clinician Support for Delivering Stratified Care
The training and support sessions provided to intervention and
control clinicians are designed to equip them with the knowledge
and skills to complete the study recruitment template and
understand the study inclusion/exclusion criteria. In addition,
for intervention practices, a 2-hour intervention training session
will be provided. This includes learning about previous stratified
care research [19,20], the rationale for developing this new
intervention, and investigating whether it will benefit patients
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with a broader range of MSK pain. Training will describe the
aim to reduce unnecessary health care for patients at low risk,
while better targeting health care resources for patients at
medium or high risk. Clinicians will have a demonstration of
how to use the new approach and have the opportunity to try it
out and ask questions and explore how it can be integrated into
routine practice. The session will also include discussion and
clarification about how the approach differs from usual care
and each of the recommended clinical management options.
We will also invite a representative from the local MSK
physiotherapy service to the training sessions and discuss how
best to ensure that patient referrals to physiotherapy include a
record of the index consultation and the patient’s Start MSK
Tool risk group and determine the best method for
physiotherapists to communicate with referring GPs if they are
concerned about the patient. A feedback meeting will be held
with all participating practices (intervention and control) roughly
6 weeks after starting recruitment to discuss the report of their
use and completion of the study-specific IT template. For
intervention practices, additional feedback on their fidelity to
the recommended matched clinical management options will
also be provided, comparing each clinician with their colleagues
in the same practice and with other clinicians in the trial
(anonymized). Monthly email feedback reports will be sent to
participating practices.

Physiotherapists linked to intervention practices will also have
the opportunity to attend a short training session about the trial
and be required to avoid treating patients from control practices
for the period of the trial to avoid contamination. However,
other key features of physiotherapy care will be as similar as
possible for patients irrespective of whether they come from
intervention or control practices, including physiotherapy
waiting times, treatment session length and number, and the
clinical grade of the treating therapist. We will collect these
process data from physiotherapy services using a mix of usual
clinical record data and standardized case report forms for the
study.

Control Arm
In the usual care control arm, patients who consult at their
general practice will be assessed and receive advice and
treatment as usual (eg, advice and education; medication; referral
for investigations or tests; or referral to other services such as
physiotherapy, MSK interface clinics, or secondary care
specialists such as orthopedics and rheumatology), without the
use of formal stratification tools. To keep the control arm as
close to usual care as possible, clinicians will be advised to
follow their usual approach for responding to a patient’s pain
intensity rating for the presenting MSK problem. Asking a
patient the intensity of their pain and where their pain is coming
from is common practice [30] and therefore should have little
impact on the usual care provided.

Data Collection
There will be 3 different types of data collection:

1. Individual patient data, collected from:

• The practices’ completed computer templates at the point
of consultation

• Initial and 6-month postal questionnaires to participants
(full and minimum data versions)

• Monthly SMS text or 1-page postal questionnaire.

2. Clinician decision making and behaviors using data collected
from medical records and case report forms

3. Practice-level anonymized aggregated data of MSK Read
codes and template use.

Individual Patient Outcomes

General Practice Information Technology Template
The first item on the template asks the primary care clinician
to confirm if their patient gives consent to have their contact
details shared with the research team. If the answer is yes, then
the clinician will record the location of the patient’s MSK pain.
How this is answered determines which study letter and
questionnaire the patient will be sent, as these are slightly
different for patients with back, neck, knee, shoulder, or
multisite pain. The item reads “Please confirm the primary pain
site the patient is consulting with today.” Possible response
options include back pain, neck pain, knee pain, shoulder pain,
multisite pain, or unable to complete template (which leads to
the exit screen). The third question on the template asks the
clinician to record the patient’s MSK pain intensity by asking
“How intense was your pain, on average, over the last 2 weeks?”
(Responses are recorded on a scale of 0-10, where 0 is no pain
and 10 is worst pain ever.)

Initial and 6-Month Follow-Up Questionnaires
The initial and 6-month follow-up postal questionnaires are
designed to collect information on descriptive characteristics
of the participants, pain-related characteristics, and primary and
secondary outcome measures (see Table 1 below). Patients are
informed in their study invitation that they have been contacted
because they recently visited their general practice (the date of
their visit will be given) for their MSK pain, which will be
prepopulated in the letter (eg, knee pain, shoulder pain) using
information from weekly downloaded template codes.

Participants will also be told that it is important they think about
their MSK pain as they answer the following question: “Thinking
about your (eg, neck) pain: Over the last 2 weeks, on average,
how intense was your pain?” (Responses were recorded on a
scale of 0-10, where 0 is no pain and 10 is worst pain ever.)
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Table 1. A summary of patient-reported data collected.

TimeNumber
of items

Empirical measureOperational definitionConceptual domain

Primary outcome

GPTb, Ic, 6FUd,

MFe, and MDCf

1NRSa 0-10Usual pain intensityPain intensity

Secondary outcomes

I and 6FU9Yes/noRisk of persistent disabling painRisk status—Start MSKg Tool

I and 6FU14MSK-HQh, 5-point Lik-
ert scale

Impact from MSK symptomsMSK health

I and 6FU1−5 to +5 scaleChange since MSK pain consulta-
tion

Overall rating of change

I and 6FU11-7 daysDays past week of moderate activityPhysical activity level

I and 6FU11Tampa Scale of Kinesio-
phobia-11

Fear of movementFear-avoidance beliefs

I and 6FU15-point Likert scaleSatisfaction with careSatisfaction

I1212 items with 7-point
Likert scale

Patient-perceived reassurance 4
subscales: information gathering,
relationship building, generic reas-
surance, and cognitive reassurance

Perceived reassurance from general practitioner
consultation

I1Yes/no/don’t rememberSingle item to ask if patient received
written information at their general
practitioner visit

Receipt of written education material from gen-
eral practitioner

I and MF1NRS 0-10Single item: confidence to manage
pain

Pain self-efficacy

I and MF1NRS 0-10Single item regarding level of dis-
tress

Psychological distress

Site-specific function depending on MSK pain site

I and 6FU24RMDQi – original ver-
sion

Physical functionBack pain function

I and 6FU10NDIjPhysical functionNeck pain function

I and 6FU13SPADIkPhysical functionShoulder pain function

I and 6FU7KOOS-PSlPhysical functionKnee pain function

I and 6FU12SF-12 PCSmPhysical functionMultisite pain function

Quality of life measures

I, 6FU, and MDC5EuroQol-5DUtility-based quality of lifeHealth-related quality of life

Health care costs

6FU3Yes/no and if yes details
of resources used

Use of primary care, other National
Health Service services, and private
health care

Health care resource use

I and 6FU1NRS 0-10How productivity at work is affectedPerformance at work

I and 6FU1Yes/no and detailsNumber of days absent from workAbsenteeism from work

Patient descriptors

GP T1Date of birthAge at MSK consultationAge

GP T1Male/femaleSexSex

I and 6FU1Yes/no and detailsEmployment status at time of ques-
tionnaire

Employment status and absence from work

I2Job title: categorized as
manual/nonmanual

The individual’s current or most re-
cent job title

Socioeconomic status
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TimeNumber
of items

Empirical measureOperational definitionConceptual domain

GP T1Choice of anatomical re-
gion

Site of MSK pain complaintMSK pain location

I1Episode durationTime since last whole month pain
free

Episode duration

I1Single question: Likert
scale

Health literacyHealth literacy screen

I1YesOther diagnosed comorbidities to
select from a list

Comorbidities

I1Patient/carer/staff/otherWho has completed the question-
naire

Support needed

I1Yes/noLives aloneLiving arrangements

I1NumberNumber of previous pain episodesPrevious episodes

aNRS: numerical rating scale.
bGP T: GP template.
cI: initial questionnaire.
d6FU: 6-month follow-up.
eMF: monthly follow-up.
fMDC: minimal data collection.
gMSK: musculoskeletal.
hMSK HQ: Musculoskeletal Health Questionnaire.
iRMDQ: Roland-Morris Disability Questionnaire.
jNDI: Neck Disability Index.
kSPADI: Shoulder Pain and Disability Index.
lKOOS-PS: Knee Injury and Osteoarthritis Outcome Score-Physical Function Shortform.
mSF-12 PCS: Short-Form 12 Physical Component Scale.

Monthly SMS Text or 1-Page Questionnaire for 3 Items,
Including the Primary Outcome
In addition to the primary outcome (pain intensity), the monthly
SMS text or 1-page questionnaire includes 2 potential mediating
variables using the following single items for psychological
distress and self-efficacy, which are taken and adapted with
permission from the validated MSK Health Questionnaire
(MSK-HQ) [34]:

“How much distress have you been experiencing because of
your pain, on average, over the last 2 weeks?” (Responses were
recorded on a scale of 0-10, where 0 is no distress and 10 is
extremely distress.)

“How confident have you felt about managing your pain by
yourself (eg, medication, changing lifestyle)?” (Responses were
recorded on a scale of 0-10, where 0 is not at all confident and
10 is extremely confident.)

Clinician Behaviors via Linked Medical Records
Clinician decision making and behaviors will be examined
through a review of the practice computerized medical records
for all patients who give consent for this (at the end of the initial
questionnaire). This will allow data to be analyzed from (1)
individual patient outcomes, (2) the initial patient-clinician
consultation electronic template, and (3) further aspects of their
medical record over 6 months following the MSK consultation.
Variables of interest from the MSK consultation will include

the date of consultation, coded reason for the consultation, MSK
pain intensity and location, Start MSK Tool (clinician-completed
version) individual items and total score (intervention arm only),
and information about the management decisions and other
actions taken by the clinician. Other clinical behaviors of interest
are described in the Outcomes section. The information collected
on the patient’s risk subgroup and management options in the
intervention practices will be audited and fed back to clinicians
at regular intervals, allowing them to see how closely they have
followed the matched clinical management options. At the end
of the trial, we will also report the fidelity of clinicians in the
intervention practices in terms of completing the tool and
choosing matched treatment options. The template MSK pain
intensity score will also provide the initial score for the primary
outcome for participants in both arms of the trial.

Physiotherapists treating patients referred from participating
practices will complete their usual clinical records. At the end
of the trial, we will collect details about the physiotherapy
treatment provided for consenting trial participants to compare
between intervention and control.

Practice-Level Anonymized and Aggregated Data of
Musculoskeletal Read Codes
Each participating general practice will provide anonymized
medical record data from potentially eligible patients for whom
the template was activated through entry of an MSK Read code
(estimated n ≥5000). We will compare the following:
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1. The characteristics of those patients in which the template is
activated with those who respond to the initial questionnaire
and provide individual-level patient outcomes. The information
examined will not involve any patient-identifiable data and will
not be linked to any other data unless prior patient consent has
been provided.

2. Aspects of clinical behaviors for 6 months following the
index consultation to compare intervention and control practices
for key treatment processes for each risk subgroup. For example,
this will include requests for the following:

• Prescriptions (eg, categorized into simple analgesics,
nonsteroidal anti-inflammatory drugs, neuromodulators,
muscle relaxants, corticosteroid injections, and opioids)

• Referrals (eg, categorized into physiotherapy/MSK interface
services, specialist services including orthopedics, pain
clinics, and rheumatology)

• Imaging (eg, categorized into x-rays/magnetic resonance
imaging (MRI) scans, MSK ultrasound scans, and bone
density scans)

• Sick certifications or fit notes (eg, categorized into number
per patient and mean length in days)

• Repeat MSK general practice visits.

The collection of anonymized and aggregated medical record
data is not uncommon within similar general practice research
studies that examine potential recruitment bias [35] or for
intervention studies examining clinician decision making and
behaviors during the consultation (eg, the Primary Care
Osteoarthritis Screening Trial [28] and the Study of Work and
Pain trial [30,36]).

Patient and Public Involvement Engagement
This study was discussed and shaped with patient and public
involvement engagement (PPIE) through dedicated workshops
before the funding submission. The PPIE group agreed with the
importance of developing a more robust research base for
treatments that can improve the primary care management of
MSK pain. Their discussions informed the design and piloting
of the text message system and 1-page postal questionnaire used
to capture the primary outcome of pain intensity. They also
reviewed and improved the patient-facing documentation for
the study. Members of the group have expressed an interest in
being involved in the analysis of the qualitative data, and it is
intended to include them in that process.

Further PPIE meetings were held following the feasibility and
pilot trial to identify improvements for the main trial. Their
recommendations included the following:

• Updating the invitation pack to provide greater clarity to
patients about what is involved in taking part in the trial.

• Simplifying the consent form in the initial patient
questionnaire.

• Removing the prize draw system used for participants in
the feasibility and pilot trial. This was considered to
potentially be confusing for patients and did not appear to
lead to a higher response rate to the questionnaires than
those in similar research studies.

Outcomes

Primary Outcome
The primary outcome for the trial is the patient-reported clinical
outcome of pain intensity, measured monthly over 6 months.
Pain intensity is a recommended outcome for trials of MSK
pain [37] and had strong face validity among members of the
PPIE group. In addition, analysis of our previous MSK cohort
data confirmed that this outcome is sensitive to changes in this
population.

Secondary Outcomes
Secondary clinical outcomes captured at the initial and 6-month
questionnaire include body site–specific physical functional
measures, using the Roland-Morris Disability Questionnaire
for patients with back pain [38], the Neck Disability Index
[39,40] for patients with neck pain, the Shoulder Pain and
Disability Index [41] for patients with shoulder pain, the Knee
Injury and Osteoarthritis Outcome Score-Physical Function
Short form [42] for patients with knee pain, and the Short Form
12v2 Physical Component Scale [43] for patients with multisite
pain. Other clinical outcomes will include patients’ risk of
persistent disabling pain using the Keele Start MSK Tool, and
the impact and severity of their MSK pain using the MSK-HQ
[34], which includes measures of pain interference with sleep,
physical activity level, hobbies/leisure activities, work and daily
routine, and quality of life with items for patients’ confidence
in managing their pain (pain self-efficacy) and emotional health
and understanding of how to deal with their condition. We will
also collect fear-avoidance beliefs using the 11-item version of
the Tampa Scale of Kinesiophobia [44], and the
patient-perceived level of reassurance from their clinician will
be captured using the Holt and Pincus [45] reassurance scale,
which has 4 subscales: information gathering, relationship
building, generic reassurance, and cognitive reassurance. Other
outcomes will include health-related quality of life using the
EQ-5D-5L to calculate QALYs in the health economic
evaluation [46] and single-item questions to capture patient
satisfaction with care received, receipt of written education
material from their clinician, and overall rating of change in
their MSK pain since their primary care consultation [47]. As
completion of the initial questionnaire can occur up to 4 weeks
following the index MSK GP consultation, this means the first
measurement of secondary outcomes is after the commencement
of treatment. We chose the timing of the final outcome to be at
6 months as our pilot trial [21] demonstrated a plateau in mean
outcomes before this time point. A summary of the patient data
collection variables is listed in Table 1.

Baseline Population Descriptors
To help describe the population recruited, additional baseline
descriptors will capture health literacy using the Single Item
Literacy Screener [48], episode duration of MSK pain by asking
time since last whole month free from this pain, age, sex,
employment, and their most recent paid job title (to calculate
their socioeconomic status).

Health Care Resource Use
Questions on additional health care resource use and
patient-borne costs including MSK pain–related hospital
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inpatient stays, outpatient attendance (eg, physiotherapy), other
NHS and private practice health care appointments, and
over-the-counter medicines and treatment will be included in
the 6-month questionnaire. Work performance will be assessed
through a single-item work presenteeism question, and time
(days) off work will be aligned to occupational information to
ascertain the cost of absenteeism.

Process Evaluation
A process evaluation is planned to explore a range of potential
factors that might influence differences between trial arms as
well as to better understand how stratified care is used and
perceived by patients and clinicians. Following recent Medical
Research Council guidance on process evaluations for complex
interventions [49], we have designed a mixed methods approach
[50]. This will use quantitative analyses focusing on a priori
hypothesized intervention targets and qualitative approaches
using focus groups and interviews.

A key aim of the process evaluation is to better understand the
role of potential intervention targets (mediators) on differences
in outcomes between the trial arms [51]. The evidence from our
previous stratified care trial (for back pain, the Start Back trial)
suggested that the identification and targeting of psychological
distress among patients at high risk led to improved outcomes
[52]. In addition, a systematic review has recently summarized
available evidence and identified pain self-efficacy as another
potential mediator [53]. Evidence from the Keele
Implementation to Improve Patient Care through Targeted
treatment Back study [20], which sought to implement our
stratified care approach for patients with low back pain
consulting in general practice, suggested that important clinical
behavior changes included more systematic identification of
patients who are at risk of persistent disabling pain who need
additional support (leading to more referrals to physiotherapy).
After careful consideration by the trial team, a number of
potential treatment mediators have been identified a priori,
including 3 potential factors at the patient level: (1) reduction
in levels of psychological distress measured each month with
a single item, (2) increases in pain self-efficacy measured each
month with a single item, and (3) the extent of patient-perceived
reassurance during the index primary care consultation measured
via the initial questionnaire. Changes in these potential
patient-level treatment mediators will be examined within a
mediation analysis using causal modeling techniques (eg,
structural equation modeling) to confirm if they are in the causal
pathway explaining any observed between-arm differences in
outcome with results also examined at each subgrouping level
(low, medium, and high).

In addition, we have identified a number of a priori potential
mediators at the level of clinical behavior, measured using the
medical record data, including the proportion of patients who
receive prescription medications for MSK pain, referrals to
other services (eg, physiotherapy and secondary care specialists),
referrals for investigations (eg, radiographs, MRI/Computerized
Tomography (CT) scans, blood tests), sick certifications (fit
notes), and further MSK-related consultations. We will test if
there are significant differences in these behaviors between
intervention and control practices and whether any of these

differences are associated with the results in terms of patients’
pain intensity.

Sample Size
In an average-sized UK general practice (6000 registered adults),
we expect that about 800 potentially eligible patients will consult
with the MSK pain sites of interest per year or 400 over 6
months. The feasibility and pilot trial showed that, on average,
the template was activated 375 times over 6 months in each
practice, and clinicians fully completed it in 41.1% (154/375)
of cases (6 times per week), leading to a letter inviting the
patient to participate in the data collection. From this, we expect
that 40% of patients invited will return their initial questionnaire
in the main trial, be eligible, and consent to further data
collection (or 62 over 6 months in 1 practice). However, to be
more cautious, given the general uncertainty in data and in
generalizability of pilot estimates, we have conservatively
estimated the average number of participants recruited per
practice within 6 months in the main trial to be around 33% of
those invited (or n=50 in 6 months or n=9 per month per
practice).

The trial is powered at 90% to test the hypothesis of the overall
superiority of stratified primary care versus usual care based on
an alpha of 5% (two-tailed) to detect a small effect size
(standardized mean difference) of 0.2 [54] in the primary
outcome (pain intensity). An effect size of 0.2 was considered
to be appropriate based on information from the feasibility and
pilot trial, in which the proportion of responders in the 3 risk
subgroups was 32% at low risk, 55% medium risk, and 13%
high risk. Our previous trial of stratified care for patients with
low back pain (the Start Back trial) found an effect size of 0.3
and 0.4 in the primary outcome (back pain–related physical
function) in patients at medium and high risk, respectively.
Therefore, we have assumed these standardized differences in
this new trial [19]. In addition, the minimal clinically important
difference for the numerical rating scale (NRS) pain intensity
scores in MSK pain has been reported to be 1 point [55], which
equates to an effect size of about 0.4, relative to an expected
SD of about 2.5 [54]. We expect that there would be little or no
difference between stratified care and usual care for patients in
the low-risk subgroup. Hence, by multiplying these effects by
the expected proportion within each subgroup, the overall effect
size of interest is 0.2 (equating to an absolute mean difference
of approximately 0.5 in pain intensity on a 0-10 scale).

The sample size calculation takes into account the clustering of
individual participants by practice and likely participant dropout
over a 6-month follow-up (inflationary effects on sample size
requirement) as well as repeated measurements and adjustment
for corresponding baseline pain intensity score (deflationary
effects). We have allowed for an Intraclass correlation
coefficient of 0.01 based on previous patient-level data from
primary care trials [56] as well as expected variation in
recruitment per practice using a guideline coefficient of variation
of 0.65 [57], and together with an expected loss to follow-up
across all time points of approximately 25%, these factors
combine to give a sample size inflation factor of ×2.3 (based
on an average cluster size of approximately 50 participants per
practice in 6 months). The correlation of data within 6 repeated
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measurements and correlation of follow-up scores with baseline
score are typically 0.7 and 0.5, respectively [58], which combine
to give a sample size deflation factor of ×0.5. The product of
inflation and deflation effects results in a magnification of 1.15
compared with a conventional, individual patient, single
follow-up comparison, whereby the sample size requirement
would be 525 per trial arm (or 1050 in total). The adjusted
sample size target is, therefore, 600 patients per arm (1200 in
total) from 24 general practices (12 per arm).

Statistical Reporting
Data will be reported according to the Consolidated Standards
Of Reporting Trials (CONSORT) 2010 statement [59,60],
including extensions to cluster randomized trials [61] and
pragmatic trials [62].

Final analysis will be carried out after all the data are collected,
entered, and cleaned according to Keele CTU SOPs. A flow
diagram will show the flow of participants through the trial,
including reasons for not taking part and loss to follow-up (split
by trial arm). For trial participants, summaries of continuous
variables will comprise the number of observations used, mean,
median, SD, and interquartile range as appropriate for the
distributional form of the data (in total and split by treatment
arm). Summaries of categorical variables will comprise the
number of observations used and the number and percentage
of observations in each category.

Inferential analyses will include reporting of the main (point)
estimate for the mean between-arm difference (numerical
outcomes) or odds ratio (categorical outcomes) along with 95%
CI and P values (two-tailed). Odds ratios will also be converted
to absolute risk differences (using the usual care prevalence as
the base reference in any conversion). Hypothesis tests will use
a two-sided 5% significance level. The main analyses will be
performed independently by the trial statisticians using the
protocol, and the statistical analysis plan agreed with the TSC.
For any results discordance(s), if consensus agreement cannot
be reached, then a third (independent) statistician will be asked
to review and resolve any differences.

Methods of Analysis

Descriptive Statistics: Baseline Characteristics
The baseline demographics and clinical characteristics of general
practices and individual participants will be reported. The
CONSORT guidelines generally do not recommend statistical
significance testing of baseline imbalances between trial arms.
However, a more recent publication suggests baseline testing
of individual-level characteristics for cluster RCTs to examine
the level of selection bias as indicated by potential imbalances
in baseline covariates between arms [63].

Main Analysis of Primary Outcomes
To avoid any potential bias in the analysis, intention to treat
(ITT) will be the primary analysis population (including primary
and secondary outcomes) unless otherwise stated in the detailed
statistical analysis plan (available from the authors). This is
defined as general practice clusters (and affiliated participants)
being analyzed as they are randomized regardless of the
intervention. Data for individuals who withdraw consent to

participate in data collection will be included up to the point of
withdrawal. Primary analysis will compare mean differences
in pain intensity scores between trial arms over a 6-month
follow-up using a hierarchical linear mixed regression model
evaluating repeated measures data at 1-, 2-, 3-, 4-, 5-, and
6-month follow-up (level 1) within individuals (level 2) and
taking into account clustering of individuals within general
practices—the unit of randomization (level 3). The analyses
will be adjusted for age, sex, and baseline pain intensity score
(recorded from the IT template at the point of consultation) at
the individual-patient level and general practice size. This
analysis fulfills the ITT principle with analysis as randomized
and missing data being accounted for under the missing at
random assumption. Although the primary analysis will focus
on the average intervention effect across 1 to 6 months of
follow-up, we will also use treatment by time interaction terms
to evaluate between-arm differences in mean responses across
each of the individual time points of 1, 2, 3, 4, 5, and 6 months.
Model fit will be assessed across different covariance structures
(unstructured, independence, exchangeable, autoregressive) to
ascertain the best-fit model that will be implemented (ie, the
model that gives the lowest Bayesian Information Criterion,
Akaike Information Criterion, and highest log-likelihood
statistics). The monthly pain intensity scores will be used;
however, if, for any individual, the last monthly SMS/brief
questionnaire response is missing but they have completed the
corresponding pain intensity question in their returned 6-month
questionnaire (if completed within 20 days of the date of issue
of their monthly SMS/brief questionnaire), then the available
pain intensity score response will be used (as the 6-month score)
for purposes of the primary outcome evaluation.

Analysis of Secondary Outcomes
Analysis of secondary outcomes will be carried out using the
ITT approach and using a linear mixed model for numerical
outcomes and generalized mixed logistic models for categorical
outcomes (adjusted for age, sex, baseline pain, and
corresponding baseline score [where applicable] at the
individual-patient level and general practice size). For monthly
follow-up measures of distress and confidence in managing
pain, the analysis will follow that of the primary analysis with
initial focus on average scores over the 6 months of follow-up
and then the time-specific between-arm estimates. The focus
of the other secondary measures is on 6-month follow-up data
only, with the exception of perceived reassurance, which is
captured in the baseline questionnaire.

Sensitivity Analysis of the Primary Outcome
A sensitivity analysis will be carried out using a complier
average causal effect analysis (CACE) to provide an unbiased
estimate of intervention effect for patients treated according to
the stratified care protocol, that is, the intervention arm protocol
is taken as clinical management in line with the recommended
matched treatment options for each risk subgroup. CACE will
be performed using a 2-step instrumental variable regression
modeling approach where the first step relates to model
prediction of compliance (at level 2 [individual patient level])
using trial arm only as a fixed-effect predictor and practice and
participant IDs as random effects, and the second step estimates
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the between-arm difference in outcome (average pain intensity)
based on predicted compliance—the endogenous (instrumented)
variable (from the first step) and the exogenous (instrumental)
variables of trial arm, age, sex and point-of-consultation pain
score using a mixed effects model as used in the primary
analysis.

Subgroup Exploratory Analysis of Primary Outcomes
Subgroup exploratory analysis of the primary outcome (average
pain intensity) will be carried out by modeling intervention arm
interaction terms within the regression models for (1) risk
subgroups (low [reference category], medium, and high risk),
(2) single MSK pain (reference) site versus multisite pain, and
(3) pain site (back [reference], shoulder, knee, and neck).
Subgroup analysis was performed regardless of the results of
the primary analysis. The mean between-arm difference (and
95% CI and P value) will be computed for each subgroup
comparison and visually displayed via a forest plot. The main
focus will be on the average pain intensity rather than on 3-way
interactions of intervention-subgroup-time, but the 3-way
interaction results will also be examined (and descriptive results
produced by subgroup).

Exploratory Mediation Analyses
If there is a significant between-arm difference in the primary
outcome (overall pain intensity), then we will carry out
exploratory mediation analysis by structural equation modeling
to examine (1) which potential mediators are causal in effect.
(2) if psychological mediators (psychological distress or pain
self-efficacy in months 1-5) are on the causal pathway for effect,
and (3) if patient-perceived reassurance mediates direct/indirect
associations of 6-month pain intensity outcomes.

Evaluation of the Process Outcomes
Process outcomes will be evaluated through comparison of
aggregated anonymized data at the level of the participating
general practices, by examining, for example, reconsultation
rates for MSK pain over 6 months and referral rates to other
services between practices in the stratified care versus usual
care arms. In intervention practices, we will also investigate the
proportions of patients for whom the electronic template is
completed, and matched clinical management options are
selected overall and by risk subgroup.

A descriptive analysis will be undertaken of physiotherapist
data by the intervention arm (eg, waiting times, number of
treatment sessions, and clinical grade of treating
physiotherapist).

Examination of Bias
Selection bias will be examined through scrutiny of the
comparability of recruitment rates per trial arm and
comparability in general practice and participant characteristics.
Further, a comparison will be performed examining the
characteristics of patients in which the electronic template is
activated but who did not take part in the data collection
(nonparticipants) with those who did participate in terms of
practice distribution; pain intensity scores; location of MSK
pain; and (within the intervention arm) the proportion of patients
at low, medium, and high risk of persistent disabling pain (from

the practice consultation IT template). Both crude descriptive
and inferential statistics will be reported.

Differential attrition between trial arms will be examined and
reported descriptively: frequencies for responses by trial arm
will be recorded in the descriptive tables. We will compare
baseline sociodemographic and clinical variables and (for
response ≥1) monthly NRS pain intensity scores across level
of completion of NRS pain intensity (level of completion is 0
to 6, where 0 is nonresponse, 1 responded once, and 6 responded
to all 6 monthly follow-ups) to ascertain whether pattern of
missingness is likely to be missing completely at random,
missing at random, or not missing at random. If the overall
follow-up rate of the primary outcome is over 5% different
between trial arms and the pattern of missing data is missing at
random, then we will undertake a multiple imputation (MI; via
chained equations) analysis inclusive of baseline variables that
are observed to be statistically associated with follow-up
response. Further, if the pattern of missingness is seen to suggest
that it is nonignorable, the MI sensitivity analysis will address
missing data imputations with an incremented or reduced value
corresponding to the overall baseline SD (thereby mimicking
the nonignorable pattern).

Health Economics
The health economics analysis will determine the
cost-effectiveness of stratified care in comparison with usual,
nonstratified care over 6 months. A cost-consequence analysis
will initially be reported, describing all the important results
relating to costs and consequences. Subsequently, cost-utility
analysis will be undertaken from an NHS/PSS perspective to
determine the cost per additional QALY gained. A broader
costing perspective will be considered in a secondary analysis,
taking into account NHS/PSS costs, private MSK-related health
care costs, and productivity costs associated with time off work.

Costs
Resource use information will be obtained on primary care
consultations (eg, general practitioners and practice nurses),
secondary care consultations (eg, hospital consultants and
physiotherapists), prescriptions, hospital-based procedures (eg,
diagnostic tests, injections, and investigations), length of
inpatient stay, and surgery. Patients will be asked to distinguish
between UK NHS and private provision. Cost data will be
collected via a participant questionnaire at 6 months. Unit costs
will be obtained from standard sources and health care providers,
including the British National Formulary, Unit Costs of Health
and Social Care, and NHS Reference costs [64-66]. Given that
MSK pain is associated with significant lost productivity,
information will also be collected from participants on
occupation status, time off work related to their MSK problem,
and reduced work performance (presenteeism). This will enable
the calculation of productivity costs, allowing analysis from a
broader societal cost perspective. The average wage for each
respondent will be identified using the UK Standard
Occupational Classification coding and annual earnings data
for each job type [67].
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Outcomes
The outcome of interest for the economic analysis is QALYs
and will be generated from participant responses to the
EQ-5D-5L questionnaire at baseline and at the 6-month
follow-up. The crosswalk value set will be applied to patient
responses to obtain utility scores, in line with current National
Institute for Health and Care Excellence recommendations.

Data Analysis
The cost-utility analysis will be carried out on an ITT basis,
with the aim of estimating the difference in costs and QALYs
between the stratified care and usual, nonstratified care arms.
Missing EQ-5D-5L and cost data will be imputed using MI
techniques [68] to ensure that all trial participants are included
in the final analysis. For each participant, a QALY score over
the 6-month follow-up period will be estimated using the area
under the curve approach [69]. Imbalances in baseline utility
(EQ-5D-5L) scores between the stratified care and usual
nonstratified care arms will be controlled for using a regression
approach [70].

The total health care costs over the study period will be
calculated by multiplying the resource items used by the
respective unit cost and summing over all items. Differences in
mean costs and QALYs between the stratified care and usual
nonstratified care arms will be estimated. The data for costs are
likely to have a skewed distribution; therefore, a nonparametric
comparison of means (eg, bootstrapping) will be undertaken to
estimate 95% CIs around costs.

Due to the nature of the trial, methods are required to address
clustering in both costs and outcomes and to recognize the
correlation between individual- and cluster-level costs and
outcomes. The methods currently suggested in the health
economics literature are multilevel models (MLM) and the
2-stage nonparametric bootstrap, using the Stata 15 [Stata Corp]
command TSB) [71]. For the base case scenario, MLM will be
used to estimate differential costs, differential QALYs, and
incremental net benefits. The analysis will also allow us to
control for covariates. The robustness of the results will be
explored using sensitivity analysis. This will explore
uncertainties in the trial data itself as well as the methods
employed to analyze the data. A cost-effectiveness acceptability
curve will be constructed to assess the probability that stratified
care is effective at different willingness-to-pay thresholds. To
estimate productivity costs, self-reported days off work will be
multiplied by the average wage rate. The analysis will use the
human capital approach.

Planned sensitivity analysis will include (1) a complete case
analysis as an alternative to using an imputed dataset; (2) a
broader societal perspective; and (3) additional exploratory
analyses that will consider the cost-effectiveness of stratified
care versus usual nonstratified care for patients in the low-,
medium-, and high-risk subgroups separately. All analyses will
be performed using StataCorp 15 software.

Linked Qualitative Study

Theoretical Framework
Two theoretical frameworks will underpin the evaluation. First,
the COM-B model [72] offers a way of understanding behavior
in the context of complex interventions around 3 key
determinants: capability (the psychological or physical ability
to enact the behavior), opportunity (the physical and social
environment that enables the behavior), and motivation (the
reflective and automatic mechanisms that activate or inhibit
behavior). Second, normalization process theory provides a
framework for understanding how/why some new health care
interventions are accepted and taken up, whereas others are less
successful [73]. Both frameworks emphasize the broader
sociopolitical contexts in which health behaviors and practices
are situated and the importance of taking these contexts into
account in understanding the adoption of new interventions
[73,74].

Aim
This study aims to understand the ways in which stratified care
is perceived and operationalized, from the perspectives of health
care professionals and patients, taking into account individual,
local, and national contexts.

Objectives
The specific objectives of our linked qualitative research will
be as follows:

• Identify the acceptability and impact on the consultation of
using the clinician-completed version of the Keele Start
MSK Tool and the extent to which the matched treatment
options are viewed as being in line with clinical judgments
on best practice.

• Understand the impact of stratified care on (1) individual
clinicians; (2) general practice and physiotherapy services;
(3) interprofessional and professional-patient
communication; and (4) patients at low, medium, and high
risk.

• Document any variation in experiences or views across
different practices and services in the trial.

Methods for Linked Qualitative Study
An iterative, mixed methods approach will be adopted [50,75],
with the quantitative data informing the qualitative data
collection and analysis from both informing the overall findings
and conclusions. Data will be drawn from clinicians and patients.

Clinicians
GPs and physiotherapists involved in delivering stratified care
will be invited to participate in up to 3 separate focus groups
held at approximately 4 GP practices. Where clinicians are
unable to attend focus groups, arrangements will be made for
individual interviews. Initial focus groups/interviews will
explore clinicians’views and experiences of delivering stratified
care during the course of the trial. Follow-up focus
groups/interviews will be conducted at a later stage once trial
results are available to explore views on the trial results and,
depending on these results, discuss potential implications for
practice, policy, and service provision beyond the trial.
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Patients
One-to-one semistructured interviews will be conducted to
explore individual patient experiences. Patients at low risk will
be interviewed approximately 2 months after their index primary
care consultation, whereas patients at medium and high risk
will be interviewed at approximately 4 months. This timescale
will allow participants to reflect on their experiences of clinical
management (including time to access any treatments),
communication with the clinicians involved in their care, and
their health care resource use over time.

Sampling
Clinicians and patients will be sampled from the stratified care
arm of the trial. GPs directly involved in the trial will be
identified based on the diversity of practice characteristics,
including size and geographic location. A sample of
physiotherapists in linked participating services will also be
invited to participate. Patients will be purposively sampled from
baseline questionnaire responses to capture diverse
characteristics, such as pain scores and health-related quality
of life, risk subgroup, comorbidity, age, sex, and socioeconomic
status.

Sample Size of the Qualitative Study
Data collection will continue until saturation is reached, defined
as informational redundancy,   the point at which additional
data no longer offer new insights [76]. We estimate that around
20 to 30 clinicians and approximately 20 to 30 patients will be
required.

Recruitment to a Qualitative Study
Clinicians will be informed that as part of their participation in
the trial, they may be approached to participate in focus groups
or interviews. Additional information explaining confidentiality,
anonymity, data storage, and archiving will be distributed ahead
of each focus group/interview and individual written consent
obtained before the start of the discussion.

Patients will be informed that, as part of their participation in
the study, they consented to further research contact. An
invitation letter and detailed interview information leaflet will
be mailed to the patient, and after 2 to 3 days, a researcher will
telephone the patient to check if they are willing to participate
and, if so, make arrangements for the interview. Interviews may
be face-to-face or by telephone, based on participant preference,
and will be arranged at a time/location convenient for the
participant. Once an interview has been arranged, a confirmation
letter will be sent. Written consent will be obtained at the start
of the interview or audio-recorded if the interview is via
telephone and checked again at the end. Interviews are estimated
to last approximately 1 hour.

Trial Management, Study Administration, and Data
Storage
The trial manager assisted by the study coordinator will oversee
the day-to-day running of the trial. General practice staff assisted
where necessary by the CRN will download details of patients
who have a completed template (name, address, MSK pain site,
date of MSK consultation, and EMIS patient identification
number) on a weekly basis from each practice. Practice staff

will arrange transfer of patient details to the dedicated research
administrator in Keele CTU using nhs.net-to-nhs.net transfer
for mailing of the study invite packs to potential participants.
A unique study number will be applied to each potential
participant. On return of a completed initial questionnaire,
details will be entered into the research database to ensure that
no unnecessary reminders are sent. Details of informed consent
will be stored in the research database, including participants’
names and contact details. In this database, participants will be
primarily identified by study number. Data will be entered into
the research database by trained members of the administrative
team who will be blinded to general practice allocation. Access
to the database will be restricted to those members of the team
that require access. The coding schedule for the questionnaires
will be used to inform the database design and to facilitate data
entry. Details of data entry accuracy will be kept by the research
data management lead and trial statisticians and reported.

Any requests for access to the anonymized data will follow our
data-sharing procedure. Requests for anonymized data will be
reviewed by our Data Custodian and Academic Proposals
Committee. The full statement on data sharing is publicly
available [32]. All information will be held securely and in strict
confidence. Each person in this study will be given a study
number so that data from the study will not have any identifiable
information, such as names and addresses, and cannot be traced.
On this basis, these anonymized data will be kept electronically
and may be used in other research studies.

Clinical Governance Issues
To ensure responsibility and accountability for the overall
quality of care received by participants during the study period,
clinical governance issues pertaining to all aspects of routine
management will be brought to the attention of the TSC and,
where applicable, to individual participating practices or NHS
services. One potential issue is that GPs in the intervention arm
may feel that the recommended matched clinical management
options are not appropriate for an individual patient, in which
case they will need to choose a treatment that is not among the
recommended options. The clinician training sessions will make
it clear that despite being part of a clinical trial, clinicians retain
the responsibility to provide appropriate care to their patients.
Clinicians will be encouraged to report to the research team
where there are consistent difficulties with the stratified care
intervention.

Statement of Indemnity and Trial Sponsors
Keele University has in place clinical trial indemnity, which
provides coverage to the university for harm that comes about
through the university’s or its staff’s negligence in relation to
the design or management of the trial and may alternatively, at
the University’s discretion, provide cover for nonnegligent harm
to participants. The NHS has a duty of care to patients treated,
whether or not the patient is taking part in a clinical trial, and
the NHS organization (general practices and other services
involved) remains liable for clinical negligence and other
negligent harm to patients under this duty of care. The sponsor
(Keele University) is responsible for trial initiation management
and financing of the trial as defined by Directive 2001/20/EC.
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Oversight/Trial Monitoring
The Trial Management Group (TMG) comprises the chief
investigator, associate investigator, Keele CTU staff, and other
key trial team members. They are responsible for the clinical
setup, ongoing management, promotion of the trial, and analysis
and interpretation of results. Specifically, the TMG is
responsible for (1) protocol completion; (2) study document
development; (3) obtaining health research authority approval;
(4) completing cost estimates and project initiation; (5)
facilitating the TSC and DMC; (6) reporting of serious adverse
events (SAEs); (7) monitoring of recruitment, intervention, and
follow-up procedures; (8) data collection; and (9) database
development. The group will meet on a regular basis, typically
monthly, throughout the trial. The trial does not incorporate any
a priori stopping rules, and hence, no planned interim analysis
of the outcome measures collected in the trial will be carried
out.

Financial Arrangements
Clinicians participating in the focus groups/interviews will
receive a reimbursement of their time using standard
professional rates. Patients participating in an interview will be
given a GBP £10 (US $12.2) Love to Shop gift token by way
of thanking them for their participation and will only receive
remuneration for travel if they participate in an interview at a
site other than their home.

Serious Breaches of the Protocol and Good Clinical
Practice
Keele CTU has systems in place to ensure that serious breaches
of GCP are picked up and reported. A serious breach is a breach
that is likely to effect to a significant degree: the safety or
physical or mental integrity of the participants of the trial or the
scientific value of the trial. All protocol deviations or breaches
of the GCP will be recorded and reported to the sponsor
according to the relevant SOP.

Serious Adverse Events
The NHS Research Committee approval reference is
16/EM/0257. Patient participants gave written consent to
participate. SAEs include death, hospitalization, significant
disability or incapacity, any life-threatening circumstance, or
any other medically significant occurrence that is believed to
be related to the trial or interventions. All participating practice
staff and physiotherapists will be asked to report as soon as
possible to the chief investigator any SAEs among patient
participants, that are likely to be related to the trial. We have
discussed this issue with the independent TSC and agreed that
the potential harms of the study are considered to be minimal
and the stratified care information and matched treatment
options are considered not only to be evidence-based but also
have strong clinical community endorsement and credibility.
Any SAEs will be brought to the immediate attention of the

trial team. The chief investigator will then assess whether the
event was related to or resulted from any of the trial procedures
or interventions, according to the process laid out in Keele
CTU’s SOPs. Any unexpected SAE considered to be related to
the trial procedures will be reported to the main research ethics
committee by the chief investigator within 15 days of becoming
aware of the event. In addition, all such events will be reported
to the trial sponsor, TSC, and DMC.

Confidentiality and Anonymity
All information collected during the course of the trial will be
kept strictly confidential. All identifying information will be
anonymized before being used for analysis. Information will
be held securely on paper and managed electronically by Keele
University through Keele CTU. Keele CTU complies with all
aspects of the 1998 Data Protection Act. The trial data will be
held on a database hosted on a secure server by Keele CTU. All
research staff involved in this study adhere to robust data
security procedures and have explicit duties of confidentiality.
These practices are written into their employment contracts and
are equivalent to the duties placed on NHS staff. If a participant
withdraws consent from further collection of data, their data
collected to date will remain on file and will be included in the
final study analysis unless requested otherwise.

Results

The trial was funded as part of a 6-year research program in
June 2014, the pilot trial was undertaken from October 2016 to
May 2017 and the main trial was approved by research ethics
committee in February 2018. Data collection for the main trial
commenced in May 2018, and ended in July 2019, after a
recruitment period of 14 months in 24 GP practices, which
successfully recruited 1203 patient participants. All 6-month
follow-up and interview data collection was completed in
February 2020. Data analysis is currently in progress with
expected results to be published in summer 2020. There have
been no important changes to methods since trial
commencement.

Discussion

This study protocol describes the details of the Start MSK trial,
which aims to investigate the clinical and cost effectiveness of
stratified primary care for patients with the 5 most common
MSK pain presentations compared with usual nonstratified care.
The intervention was designed to improve patient outcomes
including pain intensity, physical function, and quality of life
as well as clinician decision making to reduce treatment
variability and improve adherence to best practice. This trial is
the first attempt, as far as we know, at testing a prognostic
stratified care approach for primary care patients with MSK
pain. The results of this trial should be available in the summer
of 2020.
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Abstract

Background: The side effects of chemotherapy, specifically chemotherapy-induced nausea and vomiting, are a concern for
patients. To relieve these side effects, antiemetic drugs are recommended. However, some patients report that these drugs are not
sufficiently effective. Moreover, patients with chronic disease, including cancer, are increasingly interested in complementary
and alternative medicines, and express the desire for nonpharmacological treatments to be used in hospitals. Foot reflexology is
a holistic approach that is reported to significantly reduce the severity of chemotherapy-induced nausea and vomiting in patients
with breast cancer. Some of the chemotherapy treatments for patients with lung and digestive system cancer are moderately or
highly emetic.

Objective: The primary objective of this study is to assess the benefits of foot reflexology, together with conventional treatments,
on the severity and frequency of chemotherapy-induced nausea and vomiting in patients with lung or digestive system cancer.
The secondary objectives to be assessed are quality of life, anxiety, and self-esteem.

Methods: This study is an open-label randomized controlled trial conducted over 22 months (18 months intervention and 4
months follow-up). Eligible participants are patients with a lung or digestive system cancer with an indication for platinum-based
chemotherapy. Participants are randomized into two groups: conventional care with foot reflexology and conventional care without
foot reflexology. Foot reflexology sessions (30 minutes) are performed on an outpatient or inpatient basis. It was estimated that
40 participants per group will be required. The benefits of foot reflexology will be assessed by comparing the relative change in
the severity of nausea and vomiting, as assessed by a visual analogue scale, and the frequency of these side effects between the
two groups. The secondary objectives will be assessed with the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire; Hospital and Anxiety Depression Scale; and Body Image Questionnaire.

Results: This study was approved by the regional ethics committee (Île de France X CPP) on April 3, 2018 (No. ID RCB
2018-A00571-54). Enrollment started in June 2018. Data analysis will be performed during the second quarter of 2020 and results
will be published in the last quarter of 2020.
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Conclusions: The lack of knowledge regarding the efficacy and safety of foot reflexology limits oncologists to recommend it
for this use. This study will provide evidence of the benefits of foot reflexology. If efficacy is confirmed, foot reflexology may
be a promising complement to conventional antiemetic drugs.

Trial Registration: Clinicaltrials.gov NCT03508180; https://www.clinicaltrials.gov/ct2/show/NCT03508180.

International Registered Report Identifier (IRRID): DERR1-10.2196/17232

(JMIR Res Protoc 2020;9(7):e17232)   doi:10.2196/17232
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Introduction

Background
Patients with cancer are increasingly interested in
complementary and alternative medicines (CAMs) [1].
According to the systematic review by Keen et al [2], the main
reasons patients use CAMs are to treat their cancer, to treat the
side effects of treatment, and to improve their quality of life.
Patients with chronic disease, including cancer, express the
desire for nonpharmacological treatments and CAMs be used
in hospitals [3].

At the time of writing, the most frequently provided CAMs in
private and public oncology centers in European countries are
mind-body techniques, acupuncture, homeopathy, energy
therapies, health promotion, traditional herbal medicine, as well
as manipulation and body-based practices (kinesiology,
osteopathy, physiotherapy, and reflexology) [4]. Foot
reflexology is a holistic approach. A systematic review indicated
that foot reflexology seems to be effective for patients with
cancer but this field requires further rigorous research with a
randomized controlled trial [5]. More specifically, foot
reflexology improved the quality of life of patients in the
palliative stage of cancer [6], significantly decreased pain
intensity and anxiety in patients with metastatic cancer [7], and
significantly decreased the perceived pain and anxiety of
postoperative patients with gastric cancer and hepatocellular
cancer [8]. Moreover, a significant decrease in
chemotherapy-induced nausea and vomiting (CINV) was
observed in patients with breast cancer who received reflexology
treatments [9,10]. Foot reflexology, used concomitantly with
conventional treatment, shows promise in decreasing the side
effects induced by chemotherapy. In particular, it may decrease
CINV, which is the side effect that concerns patients the most
[11], as it decreases their overall quality of life [12,13] and
induces metabolic complications [11]. In addition, CINV can
lead to dose reduction, postponement of treatment, and even
discontinuation of treatment [14], all of which can decrease the
effectiveness of the treatment [15]. To control acute and delayed
CINV, antiemetic drugs are prescribed; the main ones used are
5-hydroxytryptamine 3 receptor antagonists, dexamethasone,
and neurokinin-1 inhibitor receptor antagonists [11,16,17]. But
despite antiemetic therapy, CINV may persist [13]. In addition
to the emetogenicity of the chemotherapy, various parameters
may be associated, including risk factors (age, gender, alcohol
use, history of motion sickness, and history of pregnancy-related
vomiting) [12], treatment compliance [18] and the perceptual
gap between health professionals and patients [19,20].

In 2018, in both sexes combined, lung cancer was the leading
global cause of cancer death (18.4%), followed by digestive
system cancer including colorectal (9.2%), stomach (8.2%), and
liver (8.2%) [21]. According to national and international
recommendations, adjuvant treatment for lung and digestive
system cancer is platinum-based chemotherapy [22-26].
Anticancer therapy cisplatin has a high emetic risk (incidence
of CINV >90%), while carboplatin and oxaliplatin have a
moderate emetic risk (incidence of CINV is from 30% to 90%)
[17].

Objective
The aim of this study is to determine whether foot reflexology
decreases the side effects induced by chemotherapy (specifically,
CINV resulting from platinum-based chemotherapy) in patients
with lung or digestive system cancer.

Methods

Trial Design
An open-label randomized controlled trial (RCT) will be carried
out, in which patients are randomized to one of two groups at
a 1:1 ratio: (1) conventional care with foot reflexology (40
patients) and (2) conventional care without foot reflexology (40
patients). Randomization is stratified on the type of cancer
(digestive system or lung) and the presence or absence of
metastases. The sponsor is the Hospices Civils de Lyon. The
principal investigator is PJS. To design this trial, we used the
CONSORT Statement for Randomized Trials of
Nonpharmacologic Treatments [27].

Eligibility Criteria of Participants
Eligibility requirements for this study are the following: patients
aged ≥18 years; patients with lung cancer (eg, non–small cell
lung carcinomas, small cell lung cancer, mesothelioma) or
digestive system cancer (eg, colorectal cancer, pancreatic cancer,
liver cancer); patients on platinum-based chemotherapy with
or without radiation therapy concomitant (eg, digestive system
cancer: FOLFOX, FOLFIRINOX, GEMOX, LV5FU2-CDDP;
lung cancer: cisplatin-vinorelbine, pemetrexed-cisplatin,
pemetrexed-carboplatin, carboplatin-paclitaxel); World Health
Organization performance status ≤2; patients affiliated to the
national social security system or equivalent; patients able to
complete the questionnaires (comprehension of oral and written
French language); and patients who provide written informed
consent. The exclusion criteria are phlebitis; vena cava
syndrome; weight loss >5% in the 3 months before inclusion
date; uncontrolled pain; patients receiving morphine or morphine
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derivatives; brain metastases; patients receiving foot reflexology
outside the study; patients under guardianship or curatorship or
who have been deprived of their rights. All data will be collected
from outpatients and inpatients.

Description of Processes, Interventions, and
Comparisons
The patients randomized to the intervention group will benefit
from a foot reflexology session (30 minutes) at each
chemotherapy session for four cycles. The reflexology sessions
will be given during chemotherapy infusion every 2 or 3 weeks,
depending on the chemotherapy protocol. The sessions will be
administered by two qualified reflexologists (they were trained
at the French school École des Techniques en Réflexologie).

In a meta-analysis study, Lee et al [28] determined that the
optimal comparator is a control group with conventional care
without foot reflexology or massage therapy.

Foot reflexology is CAM, based on the principle of acupressure,
that helps the body restore homeostasis. It is a holistic approach
that allows one to understand the body as a whole. Each part of
the body is represented by a zone or reflex point on the foot.
The reflexologist stimulates each reflex zone using specific
thumb and finger techniques on the patient’s feet. Depending
on the objective, the zones on the feet are stimulated using
different types of pressure. During a session focused on the
treatment of CINV, the reflexologist mainly stimulates the reflex
points related to the digestive system, the lymphatic system,
and kidneys to help the body eliminate toxins. The reflexology
chart used in this clinical study is based on the one proposed
by Eunice Ingham [29].

The reflex zones of the whole body are also found on the hands.
During the first reflexology session, the reflexologist shows the
patient the appropriate zones on the hands to relieve nausea.
The patient will be able to stimulate these reflex points between
each cycle if necessary (self-practice at home). Adherence of
participants to reflexology is assessed with a diary. They have
been instructed to use a diary every day between each cycle of
chemotherapy to note episodes of nausea and vomiting. They
also note if they took at least one antiemetic drug (on-demand
treatment). If the patient uses self-massage, they note whether
it has been effective.

The protocol of intervention was standardized by the
reflexologists involved in this study. Over the course of the
session, relaxation movements were incorporated after each
stimulated reflex point. To calm nausea and vomiting, the
reflexologist stimulated the upper and lower digestive reflex
points, as well as smooth muscle reflex points (lymphatic
system; kidneys and bladder; lungs; and thyroid and
parathyroid). Encouraging deep relaxation to target anxiety
involved the stimulation of the diencephalon reflex points,
scapular belt reflex points, reflex points of the diaphragm, and
reflex points of the spine.

Enrolment, Screening, and Allocation
Participants will be enrolled by physicians at the Lyon Sud
Hospital Centre thoracic and hepatogastroenterology
departments. Eligible participants who wish to participate in

the study are asked to sign a written informed consent form.
The randomization procedure is performed by the Interactive
Web Response System (IWRS) via ClinSight software (Ennov
Clinical, version 7.5.710, Ennov Group). Participants are
allocated to the intervention group (with foot reflexology) or
to the control group (without foot reflexology) before starting
their treatment. Clinical research assistants generate the random
allocation sequence and assign participants to the intervention.

Primary Objective
The primary objective is to assess the benefits of foot
reflexology on CINV (from platinum-based chemotherapy) in
patients with lung or digestive system cancer.

Secondary Objectives
The secondary objectives are to assess the benefits of foot
reflexology in terms of overall quality of life, anxiety, and
self-esteem.

Evaluation Criteria

Primary Outcome
The primary outcome is the relative change in the severity of
nausea and vomiting, as assessed with a visual analogue scale
(VAS). The patient is asked to mark their current nausea level
on the horizontal line with anchor statements on the left (a happy
face, no nausea=0 mm) and on the right (a very sick green face,
paroxysm of nausea or vomiting=100 mm). Unlike vomiting,
which is measurable by the number of episodes per day, nausea
is a subjective experience. For that reason, we will use a VAS
to evaluate the severity of nausea in patients [30]. For patients
in the intervention group, this measurement will be done when
the patient arrives at the outpatient or inpatient department and
after the foot reflexology session, during the second cycle of
chemotherapy. For patients in the control group, this
measurement will be done when the patient arrives at the
outpatient or inpatient department and before leaving the
hospital, during the second cycle of chemotherapy. The
assessment is performed by a nurse or clinical research assistant.

All patients will continue to receive standard antiemetic drugs
(eg, 5-hydroxytryptamine 3 receptor antagonists,
dexamethasone, and neurokinin-1 inhibitor receptor antagonists).
According to chemotherapy protocols, oral antiemetic agents
are included, and patients are instructed to complete the course.

Secondary Outcomes

Nausea and Vomiting

The benefits of foot reflexology on CINV will also be assessed
with the diary completed every day by patients between the first
and fourth cycle of chemotherapy. Every day, the patient
assesses the frequency of nausea and vomiting, recording each
episode of nausea and emesis, and assessing the intensity of
nausea and vomiting when it is at its highest with a Likert scale
(response modalities: “Very low,” “Low,” “Low Moderate,”
“Severe,” “Very severe,” “Unbearable”).

Quality of Life

The benefits of foot reflexology on quality of life will be
assessed by the relative change in the overall European
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Organization for Research and Treatment of Cancer Quality of
Life Questionnaire (EORTC QLQ-C30) score [31]. The patient
is asked to complete EORTC QLQ-C30 at the baseline and end
of the study (fourth cycle of chemotherapy).

Anxiety

The benefits of foot reflexology on anxiety will be assessed by
the relative change in the overall Hospital and Anxiety
Depression Scale (HADS) score [32]. The patient is asked to
complete HADS at the baseline and end of the study (fourth
cycle of chemotherapy).

Self-Esteem

The benefits of foot reflexology on the level of self-esteem will
be assessed at the end-of-study visit using the Body Image
Questionnaire (BIQ) [33], which measures body image at a
given time. The analysis of the BIQ takes into account the level
of self-esteem assessed at the baseline using the Rosenberg scale
[34].

Adverse Events
All adverse events are collected during this study and the
assessment of causality with foot reflexology is at the physician's
discretion.

Sample Size
In a study reported by Billhult et al [35], the mean improvement
for CINV (measured using a VAS) was 49.5% in the placebo
group, and 73.5% in the massage group (with a common
standard deviation of 32.2%). Assuming these same hypotheses,
for a two-sided risk of 5%, it is necessary to include 40 patients
per group to demonstrate a statistically significant difference
between the two groups with a power of 90%.

Type of Statistical Analysis Used
Study data are entered into a password-protected Excel
spreadsheet (version 14.0, Microsoft Corp) accessible only to
the project manager. Quantitative data will be described for the
entire population, using the following descriptive statistics: the
number, the number of missing values, the mean, the standard
deviation, the median, the interquartile range, and the range.
Qualitative variables will be summarized for the entire
population using the following descriptive statistics: the
frequency and percentage for each category of the variable and
the missing values (missing values will be counted but are not
included in the denominator of the calculation of frequencies).

For the primary endpoint, comparison of the relative change in
the VAS between the two groups will be performed using a
linear model adjusted on the type of cancer (digestive system
or lung) and the presence of metastases (randomization
stratification factors). This model allows the estimation of the
difference in mean relative variation of VAS between the two
groups, adjusted on potential confounding factors, with a 95%
confidence interval. The VAS score may be transformed satisfy
the assumptions of the linear model. If the assumptions of the
model cannot be verified, the comparison between the two
groups will be done using the van Elteren test. Specific estimates
of the difference in relative VAS variation between the groups

will be provided for both types of cancer, and by metastatic
status.

The comparison of the frequency of episodes of CINV between
chemotherapy cycles between the two groups will be performed
using a mixed effects Poisson model, integrating the number
of intercycle days as offset. The model will consider the
intervention group and stratification criteria as fixed effects,
and will incorporate one random intercept per patient.

The proportion of chemotherapy cycles in which the patient
took at least one antiemetic drug will be compared between the
two groups using a mixed effect logistic regression model. The
model will consider the intervention arm and stratification
criteria as fixed effects, and will incorporate one random
intercept per patient.

The comparison of quality of life and anxiety between the two
groups will be done using a Wilcoxon test.

The comparison of self-image between the two groups will be
done using a linear model adjusted on the baseline self-esteem
evaluated with the Rosenberg scale. A possible transformation
of the BIQ score will performed to satisfy the assumptions of
the linear model.

The analysis will be performed according to the
intention-to-treat principle, considering all patients that
completed the endpoint evaluation in the group that was
allocated to them by the randomization. The time point for the
primary endpoint has been defined to minimize the risk of
missing data.

For the primary endpoint, a secondary analysis will be
performed per protocol, including patients with the endpoint
assessment, and for whom the strategy allocated during
randomization was fully implemented (ie, patients allocated to
the foot reflexology group that did not receive four sessions of
foot reflexology will be excluded from the analysis).

Regulatory and Ethical Considerations
This study was approved by the regional ethics committee (Île
de France X CPP) on April 3, 2018 (No. ID RCB
2018-A00571-54). This study complies with the Reference
Methodology (MR-001) developed by the French Data
Protection Commission (Commission Nationale de
l'Informatique et des Libertés), amended in October 2010,
relating to the processing of personal data in clinical trials. This
study follows the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) guidelines [36].

Patients provide written informed consent that is dated and
signed by the patient and the investigating physician. Patients
in the control group will receive foot reflexology sessions at
the end of their participation (two 30-minute sessions).

This study takes place in a university hospital. Each caregiver
and investigator involved ensures optimal patient management.
The project manager ensures communication and a close link
between the caregivers, investigators, reflexologist, sponsor,
and patients.
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Results

This study was approved by the regional ethics committee (Île
de France X CPP) on April 3, 2018 (No. ID RCB
2018-A00571-54). Enrollment started in June 2018. Data
analysis will be performed during the second quarter of 2020
and results will be published in the last quarter of 2020.

Discussion

According to a European survey reported by Molassiotis et al
[1], 35.9% of patients with cancer use CAMs, and after a
diagnosis of cancer the use of CAMs increases by at least 30%.
For varied reasons, some patients do not inform caregivers or
health care professionals that they use CAMs [37,38]; however,
certain CAMs could have potential interactions with
conventional cancer treatments [39,40]. In parallel, oncologists
lack adequate information about the safety and efficacy of
CAMs to confidently inform their patients [41-43] and they
have requested more rigorous evaluation [42,43]. Moreover,
the World Health Organization’s Traditional Medicine Strategy
emphasizes the importance of thorough evaluation; the
objectives of this strategic approach are to inform policy;

determine safety, efficacy, and quality; increase access; and
promote the rational use of traditional medicine [44].

This RCT (Clinicaltrials.gov identifier: NCT03508180), which
began in June 2018, assesses the benefits of foot reflexology.
The expected results are a decrease in CINV and anxiety, as
well as an improvement in quality of life and self-esteem. This
will also allow the investigation of any potential difference in
benefit between patients with lung cancer and patients with
digestive system cancer, and patients with different stages of
cancer (metastatic and nonmetastatic). The results will be
available in the last quarter of 2020.

This study does have limitations. First, the results may not be
representative of all cancers; patient recruitment was only done
at one cancer center. Even if conventional treatments are similar
within the various private and public health care centers in
France, a larger multicenter study would ensure that the results
are generalizable.

In conclusion, the current management of patients with cancer
involves treatment with conventional medicine while offering
supportive oncological care. If the results of this study are
significant, foot reflexology may be a promising complement
to conventional antiemetic drugs.
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Abstract

Background: Oral care is important to prevent buccal and systemic infections after an acquired brain injury (ABI). Despite
recent advancements in the development of ABI clinical practice guidelines, recommendations for specific clinical processes and
actions to attain adequate oral care often lack information.

Objective: This systematic review will (1) identify relevant ABI clinical practice guidelines and (2) appraise the oral care
recommendations existing in the selected guidelines.

Methods: A search strategy was developed based on a recent systematic review of clinical practice guidelines for ABI. The
protocol includes a search of MEDLINE, EMBASE, and DynaMed Plus databases, as well as organizational and best-practice
websites and reference lists of accepted guidelines. Search terms will include medical subject headings and user-defined terms.
Guideline appraisal will involve the Appraisal of Guidelines for Research and Evaluation II ratings, followed by a descriptive
synopsis for oral care recommendations according to the National Health and Medical Research Council evidence levels.

Results: This project started in April 2019, when we developed the search strategy. The preliminary search of databases and
websites yielded 863 and 787 citations, respectively, for a total of 1650 citations. Data collection will start in August 2020 and
we expect to begin disseminating the results in May 2021.

Conclusions: Nursing staff may not have detailed recommendations on how to provide oral care for neurologically impaired
patients. The findings of this review will explore the evidence for oral care in existing guidelines and improve outcomes for
patients with ABI. We expect to provide adequate orientations to clinicians, inform policy and guidelines for best practices, and
contribute to future directions for research in the ABI realm.

International Registered Report Identifier (IRRID): PRR1-10.2196/17249
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Introduction

Poor oral health may lead to colonization by various
microorganisms, causing buccal and respiratory infections [1-5].
Pneumonia, a life-threatening respiratory infection, is a common
cause of death after vascular acquired brain injury (ABI) [6]
and can be prevented through effective oral hygiene [7-9]. Good
oral health is important to preserve one’s overall health and
well-being [10]. To maintain good oral health, evidence-based
oral care practices are essential.

Managing oral care after an acquired brain injury is challenging.
The damage that occurs to the brain due to traumatic or
nontraumatic causes can lead to physical, behavioral, emotional,
and cognitive impairments [11]. For instance, stroke—a
nontraumatic, common cause of ABI—leaves one-third of
survivors with long-term impairments [12], which may prevent
them from managing their oral care. As a result, many are
partially or totally reliant on caregivers to maintain their oral
hygiene [13]. Nursing staff and family members are usually the
ones who provide oral hygiene to care-dependent neurologically
impaired survivors [14].

However, clinical barriers may restrict the delivery of
high-quality oral care. Insufficient oral care knowledge and
training are reported as some of the obstacles for nursing staff
to perform adequate care [15,16]. Consequently, some
professionals feel unprepared [17,18] and prioritize other care
activities in the neurosciences context [19,20]. In addition, due
to an overwhelming work routine in hospitals and long-term
care facilities [21-23], nurses sometimes delegate oral care tasks
to the least qualified members of the care team [18].

There is little direction from evidence-based literature regarding
oral care provision [18,24,25], which results in great variability
of practice across the care continuum [26]. Notwithstanding,
there have been recent advancements in the development of
clinical practice guidelines for ABI, yet they lack specific
clinical instructions and processes for adequate and safe oral
care provision [27-29]. A comprehensive understanding of
existing oral care recommendations in ABI guidelines is badly
needed.

The objectives of our proposed systematic review are to (1)
update and extend the appraisal of ABI guidelines conducted
in a recent systematic review [30], and (2) review and appraise
existing oral care recommendations in included guidelines.
Since guidelines should ideally be updated every 2 to 3 years
[31] and the recent systematic review included ABI guidelines
up to 2017 [30], we expect to identify new documents from our
updated search. The reasons for extending the search are to help
identify literature on oral health across the continuum of care
(now including acute settings) and across ABI severity ranges
(now including mild ABI). All oral care recommendations will
be extracted from the included guidelines and rated according

to their levels of evidence. This review will therefore provide
a synthesis of best practices for health care professionals, which
we anticipate will inform guidelines and practice standards. In
addition, our results will provide insight and direction for future
research.

Methods

Scope of the Protocol
This protocol is adapted from a recent systematic review of
clinical practice guidelines for ABI [30]. Our review seeks to
synthesize guidelines relevant to a broader range of settings and
severities beyond this previous review. Therefore, our search
strategy was expanded to include additional relevant information
for the acute setting and for mild ABI. Protocol amendments,
if necessary, will be incorporated in future publications, with
details such as date, description, and rationale of each
amendment.

Eligibility Criteria
Eligible guidelines will include acute and rehabilitation
(inpatient and community rehabilitation) settings and pertain
to mild to severe ABI. For the purpose of the current protocol,
ABI refers to any damage to the brain that occurs after birth
and is not related to a congenital or a degenerative disease [11].
Therefore, causes will include traumatic injury, seizures, tumors,
infectious diseases, events in which the brain has been deprived
of oxygen, and toxic exposure, such as substance abuse [11].

We will search guidelines published from January 1, 2006,
onwards, following the methods of the recent systematic review
[30]. Eligible guidelines will be guidelines published in English,
particularly those produced under the support of (1) a health
professional association or society, (2) a public or private
organization, (3) a health care organization or plan, or (4) a
government agency [32]. Further, included clinical practice
guidelines must contain recommendations, strategies, or
information to orient health care professional decisions. Eligible
guidelines must have more than 1 component of post-ABI
recommendations pertaining to adult patients [27]. In case of
incomplete information, we will contact authors of particular
guidelines for elaboration or clarification.

Information Sources and Search Strategy
The protocol combines multiple information sources, including
databases as well as organizations and professional websites.
Our search will involve MEDLINE, EMBASE, and DynaMed
Plus databases. We have developed the search terms for
MEDLINE, as seen in Textbox 1, using medical subject
headings and user-defined terms. We will apply corresponding
terms to the other 2 databases. Subsequently, we will search for
organizational and best-practice websites for additional
published guidelines.
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Textbox 1. MEDLINE search strategy.

1. exp Craniocerebral Trauma/

2. exp Stroke/

3. exp Anoxia/

4. exp Hypoxia, Brain/

5. ((brain or head or intracran* or cerebr* or cerebellar or brainstem or vertebrobasilar) adj3 (injur* or infarc* or isch?em* or thrombo* or apoplexy
or emboli* or h?emorrhag* or h?ematoma* or aneursym* or anoxi* or hypoxi*)).ab,ti.

6. (encephaliti* or mening*).ab,ti.

7. 1 or 2 or 3 or 4 or 5 or 6

8. rehabilitation.fs.

9. exp Rehabilitation/

10. exp Rehabilitation Centers/

11. rehabilitat*.ab,ti.

12. subacute care/

13. short term.ab,ti.

14. acute.ab,ti.

15. (hyperacute or hyper-acute).ab,ti.

16. ((short or urgent or emergency or acute) adj3 (term or care or stay)).ab,ti.

17. ((subacute or sub-acute) adj3 (care or stay)).ab,ti.

18. ((subacute or sub-acute or hyperacute or hyper-acute) adj3 (care or stay)).ab,ti.

19. 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18

20. exp guideline/

21. Guideline$.ti.

22. (guideline or practice guideline).pt.

23. 20 or 21 or 22

24. 7 and 19 and 23

Protocol Guidelines
The design of this systematic review follows the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) [33] and PRISMA-Protocols [34,35] guidelines.

Study Records

Data Management and Collection
Two independent reviewers (NG-J and M-FP) will use the
web-based software Covidence (Veritas Health Innovation Ltd)
[36] and the RevMan (Cochrane) software [37] to support and
streamline the production of this systematic review. In addition,
they will use Excel (Microsoft Corp) spreadsheets to collect,
organize, and document excluded and included abstracts and
articles.

Selection Process
A 2-stage process will be used to select included guidelines and
extract recommendations. The first stage involves 2 independent
reviewers (NG-J and M-FP) reviewing the abstracts of papers
that refer to guidelines to identify the guidelines that may be
eligible. In the second stage, the same reviewers will evaluate
the guidelines in the full articles. These guidelines will be
independently reviewed to select those that meet the inclusion
criteria. The reviewers will use hierarchical coding criteria to
evaluate abstracts and full articles, as shown in Textbox 2. For
each stage, they will resolve discrepancies by consensus and,
if needed, a third reviewer (HF) will review the documents and
contribute to a final consensus decision.
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Textbox 2. Hierarchical coding criteria for abstracts and full articles.

Abstracts

Hierarchical abstract coding (exclude if):

• The abstract is not in English

• The abstract clearly relates only an opinion, review, or commentary

• The abstract clearly does not involve a practice guideline or pinnacle practice information

• The abstract exclusively includes pediatric population

• The abstract does not relate to the acquired brain injury population

• The abstract clearly involves a duplicate publication to an accepted abstract

Otherwise, ACCEPT

Full Articles

Hierarchical full article coding (exclude if):

• The article is not in English

• The article clearly relates only an opinion, review, or commentary

• The article clearly does not involve a practice guideline or pinnacle practice information

• The guideline pertains to an adult sample (from a clinical context), even if there is mention of pediatric samples

• The guideline does not relate to the acquired brain injury population

• The guideline clearly involves overlap of information that is present in a more recent guideline

Otherwise, ACCEPT

Data Extraction, Appraisal of Guidelines and
Recommendations, and Quality Assessment
Based on our objectives and research questions, data extraction
will include the following information: (1) publication specifics
(eg, country, organization, and date), (2) setting (eg, acute,
rehabilitation, or community), (3) ABI population, (4) target
health care professionals, and (5) categories of
recommendations.

Two independent authors (LJ and NL) will first evaluate the
selected clinical practice guidelines using the Appraisal of
Guidelines for Research and Evaluation II (AGREE II)
instrument, an international tool used to assess the quality and
reporting of practice guidelines [38]. These authors will rate
domains of methodological quality for each guideline according
to AGREE II. When there is disagreement for a given rating, a
third reviewer (TH) will also appraise the guideline with
AGREE II.

Subsequently, reviewers NG-J and M-FP will independently
evaluate guidelines containing oral care recommendations by
using the National Health and Medical Research Council
(NHMRC) instrument [39]. This tool allows the assessment and
comparison of the levels of evidence and includes grades for
the recommendations from the included guidelines. A third
reviewer (HF) will resolve disagreements by appraising the
recommendations in the same manner. Once the reviewers reach
consensus, the 2 initial reviewers (NG-J and M-FP) will provide
a descriptive synopsis of the levels of evidence for the oral care
recommendations [39]. The risk of bias assessment within and
across guidelines and recommendations is included in the Rigour
of Development domain of AGREE II and the Evidence Base

domain of the NHMRC. Because both tools include risk of bias
elements in the quality appraisal, overall quality ratings for the
guidelines and recommendations will reflect such information.

Strategy for Data Synthesis
We will use the AGREE II grades to synthesize the assessed
guidelines data, and we will unify the levels of evidence and
grades for oral care recommendations according to NHMRC
levels to allow comparison and permit description of the
evidence. We will retain all identified guidelines and describe
their quality and level of evidence. A systematic narrative
synthesis will be provided using textual description and tables
to summarize and explain the scope, context, and consistency
of the clinical practice guideline recommendations. The oral
care recommendations will be compared across guidelines to
identify similarities and discrepancies. Our systematic review
will synthesize data from the guidelines based on quality
rankings and levels of evidence for recommendations.

Results

This project started in April 2019, when we developed the search
strategy. The preliminary search of databases and websites
yielded 863 and 787 citations, respectively, for a total of 1650.
Data collection will start in August 2020 and we expect to begin
disseminating the results in May 2021.

Discussion

Principal Findings
Even though good oral care prevents buccal and systemic
infections after ABI [40], oral care recommendations are not
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always present in ABI guidelines [27-29]. The provision of oral
care can reduce respiratory pathogens in saliva from dental
plaque accumulation [41] and residual food or liquid in the oral
cavity [42]. Research demonstrates that good oral hygiene
decreases pneumonia rates [7] and thereby helps reduce
mortality [9], morbidity, and length of hospitalization [6]. In
stroke survivors, for instance, pneumonia is responsible for up
to 28% of deaths [43].

However, achieving the means to provide good oral care to
neurologically impaired survivors is complex due to physical
[44-47], behavioral [48-50], emotional [11], and cognitive
impairments [51-53]. Therefore, nursing staff need specific and
attainable evidence-based recommendations. Currently, these
professionals unfortunately often lack adequate training [14-17],
sufficient time [20-22], or satisfactory directions [12,23,24] to
provide high-quality oral care, especially in the context of
dysphagia [54].

ABI guidelines worldwide endorse oral care for recovery and
rehabilitation [27,51-56]. The prevention of pneumonia, notably
in patients with dysphagia, is the main reason for recommending
oral hygiene [27,40,55,57-59]. However, better functional
outcomes, patient comfort, prevention of dental complications,
good nutrition, and even prevention of sepsis are also related
to mouth care after ABI [28,40,55,57].

Expected Outcomes
The primary outcomes of this review will include
methodological quality of guidelines and levels of evidence for

oral care recommendations. We will apply priority rankings to
the outcomes to inform health care professionals about
highest-quality guidelines and recommendations for oral care,
providing direction for future guidelines. The secondary
outcome involves developing a best-practice protocol if the
evidence is sufficient. There is a great need for a high-quality,
process-oriented protocol for provision of oral care in
neurologically impaired patients. Such a document could help
orient health care professionals in their practice and provide
direction for implementation research.

The results of this systematic review will be compared to the
full guidelines, and differences between guidelines and
recommendations will be explained. Findings may lead to the
development of an oral care program that not only delivers
safety within the hospital (prevention of complications) but
helps clinicians identify opportunities for patients with ABI to
independently manage their oral care, improving the long-term
outcomes of this population.

Conclusion
This systematic review will examine the methodological quality
of existing recommendations for oral care of patients with ABI.
Identifying and appraising the recommendations will support
knowledge translation for evidence-based practice across the
continuum of care. In addition, it will provide direction for
improving future guidelines, developing clinical protocols, and
addressing research gaps.
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Abstract

Background: Currently, there is no available standardized taxonomy of defined communication techniques and aids used by
healthcare providers during patient consultations. It is challenging to identify communication techniques that contribute to effective
healthcare provider and patient consultations and to replicate communication interventions in research.

Objective: The aim of this paper is to describe a protocol for the development and pilot of a taxonomy of communication
techniques and aids used by healthcare providers during patient consultations.

Methods: A systematic review will be completed to identify eligible studies. Extracted techniques and aids will be organized
into a preliminary taxonomy by a multidisciplinary team. The preliminary taxonomy will be piloted by two groups: research
assistants trained in taxonomy application and healthcare providers and healthcare professional students not trained in taxonomy
use. The pilot will use custom developed video footage of health provider and patient interactions. Interrater validity and interview
feedback will be used to inform a Delphi panel of multidisciplinary healthcare providers and patient experts when they convene
to finalize the preliminary taxonomy.

Results: This study was funded in November 2017 by the Monash University Interdisciplinary Research Seed Funding Scheme.
Data collection commenced in March 2018, and data analysis is in progress. We expect the results to be published in 2021.

Conclusions: This is the first known attempt to develop a defined and standardized taxonomy of communication techniques
and aids used by healthcare providers in patient consultations. The findings will be used to inform future research by providing
a detailed taxonomy of healthcare providers’ communication techniques and standardized definitions.

International Registered Report Identifier (IRRID): DERR1-10.2196/16801

(JMIR Res Protoc 2020;9(7):e16801)   doi:10.2196/16801
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Introduction

Successful communication of information is fundamental to
effective therapeutic relationships between healthcare providers
[HCP] and patients [1]. However, there is limited understanding
of how to measure communication effectiveness during this
interaction. An estimated 40%-80% of healthcare information
communicated to patients during consultation has been reported
to be forgotten immediately, and almost half of the information
retained by patients is incorrect [2-4]. Additionally, the amount
of information provided by HCPs may be insufficient as patients
want more information than they are provided [5]. Further,
HCPs have been shown to overestimate the volume of
information they provide to patients [6].

HCPs use a range of interpersonal communication techniques,
strategies, and aids to convey information to patients in medical
consultations. In the healthcare context, the content of
interpersonal communication generally falls into the categories
of socio-emotional communication, diagnostic communication
and problem solving, and the provision of counseling and
education [7].

The content of HCP and patient consultations has been classified
in The Decision Identification and Classification Taxonomy for
Use in Medicine (DICTUM) by Ofstad et al [8]. The DICTUM
taxonomy outlines ten categories of physician decisions,
comprising of gathering additional information, evaluating test
results, defining problem, drug-related, therapeutic,
procedure-related, legal and insurance-related, contact related,
advice and precaution, treatment goal, and deferment. Each
category is defined, and specific actions are outlined. For
example, in the category of ‘Physician Statement,’ decision
items include ‘Drug refund’ and ‘Sick leave’ [8].

There is no widely accepted complete classification system or
taxonomy of the communication techniques used by HCPs to
transmit this content. Consequently, there is a common use of
terms to describe communication techniques that are not defined

clearly and may vary in definitional intent between studies. For
example, “attentive listening” or “active listening” is
insufficiently defined in the literature, and when a definition is
provided, it is often inconsistent [9-16]. The lack of consistent
definitions for communication techniques described in the
literature creates limitations in the development of interventions,
fidelity, study replication, and translation to teaching and
practice.

There is a clear need to develop a taxonomy of communication
techniques. A taxonomy is a conceptually or empirically derived
grouping of objects of interest [17]. Standardized definitions
for communication techniques will ensure educational
consistency across disciplines and jurisdictions, enable
researchers to describe interventions under investigation
accurately, identify elements that contribute to overall
communication effectiveness, and allow reliable translation of
research into clinical practice. Such a taxonomy may be used
similarly as the Behaviour Change Technique Taxonomy V1
[18], which has transformed the design and reporting of
behavioral change interventions and been cited over 2000 times
in the 6 years since its publication.

This protocol describes our method for developing a taxonomy
of communication techniques and aids used by HCPs in
healthcare consultations with patients.

Methods

We will adapt the taxonomy development method described by
Nickerson et al [19], drawing on the ‘empirical-to-conceptual’
approach for phases one to three. The ‘conceptual-to-empirical’
approach will be used for phase four. Our four-phase process
is outlined in Figure 1.

We refer to the equivalent step in Nickerson et al’s seven-step
model in parenthesis [19]. The letter ‘E’ indicates the use of the
‘empirical-to-conceptual’ method and ‘C’ indicates the
‘conceptual-to-empirical’ method.
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Figure 1. Phases of taxonomy development.

Phase 1: Systematic Literature Review
In this phase, we identify the range of communication techniques
and aids described in the health communication literature and
synthesize a definition for each approach.

We developed a set of operational definitions to describe
different concepts and measurement units in planning for this

phase (Table 1). We consider this to be a necessary step given
the diversity and inconsistency in terms used in this field.

Figure 2 illustrates the hierarchical relationship between our
operational definitions of communication approaches, strategies,
and techniques.

Table 1. Operational definitions.

Operational definitionTerm

Any recipient of health or care servicesPatient

A person who provides preventive, curative, promotional or rehabilitation health careHealthcare provider

A family member or paid helper who regularly supports the patientCaregiver

A single, basic unit of communication method that cannot be broken down into smaller units (eg, nodding)Communication technique

A specific combination of communication techniques drawn together to achieve a particular purpose
(eg, attentive listening)

Communication strategy

A specific combination of communication strategies or models of communication drawn together to
achieve a particular purpose or that have a particular effect (eg, patient-centered care)

Communication approach

Visual and audio items that can be used independently of or in conjunction with verbal language to
convey information (ie, photos, drawings, illustrations, models, props, graphs, videos or audio recordings)

Communication aid

Information presented in written form (eg, report, letter, leaflet)Written communication aid
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Figure 2. The hierarchical relationship between our operational definitions of communication approaches, strategies, and techniques.

Method for Systematic Review
This systematic review will be conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement [20]. The protocol has
been registered with PROSPERO (Reference/ID No
CRD42018095262). We will record our searching and screening
process using the bibliographic data management system
Covidence.

Research Questions
Our systematic review will address the following research
question:

What contemporary communication techniques and aids are
used by healthcare providers in consultations with patients, as
described in the literature?

Study Eligibility
The scope of this review will include studies describing
interpersonal communication techniques and aids used by HCPs
in healthcare consultations with patients.

We will limit the time-span for our search to papers published
within the last 10 years to ensure that terms being used to
describe techniques being examined are contemporary. Papers
providing information only about specific communication
approaches (eg, patient-centered care) will be excluded given
the volume of hits identified in preliminary searching. Our focus
will initially develop the lower levels of the communication
technique hierarchy.

The search will exclude several interactions considered
out-of-scope for project feasibility: those between HCPs, those
involving interpreters or other third parties (eg, family
members), and those involving patients who have additional
communication needs:

• Third parties (eg, interpreters or family members)
• Doctor-doctor or nurse-nurse interactions
• Profound communication disabilities (eg, aphasia)
• Specialized technological aids (eg, iPads)
• Non-interpersonal health communication (ie, awareness

campaigns or radio)
• Communication approaches (eg, patient-centered approach)
• Specialized fields (eg, palliative care)

We anticipate further work may be needed to expand our
taxonomy to cover these interactions in the future. The following

describes the methods that will be employed in each project
phase.

Search Strategy for Identification of Relevant Studies
The following terms and Boolean operators will be used when
undertaking our search:

“communication style” OR “communication technique*” OR
“communication aid” OR “non-verbal communication” OR
“verbal communication” OR “communication strateg*” OR
“communication repair” OR “communication training” OR
“conversation analysis” AND medical OR health OR
consultation OR rehabilitation

Information Sources
The following databases of published literature will be searched:
PubMed, Ovid Medline, CINAHL, Psychinfo, EMBASE, ERIC,
Web of Science, and Linguistics and Language Behavior
Abstracts.

Screening of Abstracts
Two research assistants will independently screen all titles and
abstracts for eligibility against the inclusion criteria. Specifically,
titles and abstracts will be included if they contain mention of
communication techniques or aids used by HCPs in healthcare
consultations with patients. Next, the research assistants will
independently screen papers at the full-text level for the
inclusion criteria. Exclusion reasons will be noted.

Data from eligible studies will be extracted independently by
two reviewers using a predesigned data extraction form. The
initial 10% of studies will be extracted by both reviewers to
identify discrepancies in extraction methods. Where the
extracted data differ between assessors, the discrepancy will be
resolved by consensus. During the extraction stage, we will
categorize the data into broad categories of verbal
communication, non-verbal communication, and communication
aids.

The data extraction document will contain the following:

• Type of technique/aid: verbal, non-verbal, aid
• Name of communication technique/aid
• Definition of communication technique/aid (if provided)
• Example of communication technique/aid (if provided)
• Additional references: References to an original paper

describing a technique or its definition
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Risk of Bias
We do not plan to undertake an assessment of the risk of bias
for this review to the aim is related to the identification of
communication techniques, strategies, and aids used by HCPs.
We are not seeking to gather information about the effectiveness
of outcomes, as this will not add to the development of the
taxonomy.

Analysis
Descriptive content analysis will be employed, such that each
description of a communication technique or aid identified will
be coded. Reviewers will then create an operational definition
for each code describing a communication technique that seeks
to be mutually exclusive from other communication technique
codes and describe the smallest “building block” likely to be
feasibly useful for describing a communication technique. An
exemplar definition of each code will also be added to the
operational definition, where one is identified from the reviewed
literature. Communication strategies will be coded, but will also
be broken down into their subcomponent communication
techniques. These techniques, if not already coded, will be added
to the pool of communication technique codes.

Phase 2: Development of Preliminary Taxonomy
In this phase, the aim is to create a thematic structure for
taxonomy elements. A multidisciplinary panel will participate
in a workshop to develop the prototype taxonomy.

The objectives of the workshop will be to:

1. Collectively review and agree upon definitions of techniques
and strategies identified.

2. Allocate specific techniques and aids into categories.
3. Discuss categorizations and reach consensus on taxonomy

structure.
4. Identify concerns and discrepancies that will need to be

addressed /resolved when finalizing the taxonomy structure
in phase 4.

Participants
The investigative team will be comprised of professionals from
medical, allied health, and applied linguistics fields and patient
experts.

Procedure
Each communication technique and aid in the data set will be
presented to the panel with a label (eg, open-ended question),
a synthesized definition, and an example.

These will be presented as individual paper cards. Participants
will manually arrange all items into broader categories of type
(ie, non-verbal, verbal, aid) and function (eg, information
gathering, rapport building, etc). The participants will discuss
the allocation of each item and identify discrepancies. The
taxonomy structure achieved through discussion and consensus
will form the prototype taxonomy.

Analysis
An additional research team member independent of those
present at the workshop will then review the thematic areas
constructed, operational definitions, and exemplars provided

for face validity. Suggestions for modification of the structure
will be discussed iteratively within the investigative team.

Phase 3: Application of Preliminary Taxonomy to
Coding of Video Footage of Provider-Patient
Interaction
We will pilot a practical application of the prototype taxonomy
to determine whether the taxonomy and the definitions created
can be feasibly and reliably applied to code actual interactions
between HCPs and patients. We aim to examine the inter-rater
reliability of the application of the taxonomy and the definitions
contained within it as a coding framework for recording the use
of specific communication techniques used during interactions
between HCPs and patients.

We are interested in two contexts:

Context A: The inter-rater reliability likely to be observed if
two researchers trained in the application of the taxonomy were
seeking to apply the entire taxonomy to recorded
communications between HCPs and a patient.

Context B: The inter-rater reliability likely to be observed if
HCPs untrained in the use of the taxonomy and students were
to apply a restricted section of the taxonomy (while having
access to code definitions and examples) to recorded
communications between HCPs and patients. This context aims
to determine if the operational definitions and examples
provided intuitively make sense and give sufficient explanation
to allow restricted application without additional training
requirements.

Participants
Context A: Two members of the investigative team will review
the video materials.

Context B: We will recruit 12 health professionals and 12 HCPs
students. The health professionals and students untrained in the
use of the taxonomy will be drawn from a range of disciplines.
The student participants will be enrolled in a health professional
degree program at Monash University.

Development of Video Footage
We will custom develop simulated interactions between HCPs
and patients for video-recording. We will script these videos
purposefully such that the maximum frequency across all of the
videos of any one communication technique is no higher than
80% and no lower than 20%. Scripting will ensure variability
in the frequency of presentation for each particular technique
being assessed for coding reliability. Each video will be
approximately one minute in length. A total of ten videos will
be developed. The taxonomy will be segmented into sections
(eg, expressing empathy), and each video segment will
demonstrate a set of codes.

Procedure
Context A: The videos will be developed by two research team
members (TH, VS). The script for each video with notations
for when each communication strategy and technique will be
employed will serve as the gold standard. Two investigators
independent of these research team members who developed
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the video will be provided with training on the application of
the full taxonomy. They will apply coding of the video footage
across the full taxonomy. Each code selected will be
timestamped. The two investigators coding the video footage
will be able to stop, pause, and rewind the video footage as
often as needed until they are satisfied that they have completed
the coding for the entirety of the taxonomy. The time taken to
complete this task for each investigator for each video will be
recorded. Investigators coding the video footage will then be
interviewed to identify the sections of the taxonomy they found
difficult to apply, and sections of the video footage to which
they found it more or less difficult to apply the taxonomy.

Context B: The HCP and HCP student participants untrained
in the use of the taxonomy will receive a section of codes from
the provisional taxonomy. The provisional taxonomy will have
been divided into sections based on the categories developed
in Phase 2. Four sections of the provisional taxonomy will be
purposively selected from the total number for use in this part
of the investigation. Each selected section will be provided to
a participant using a permuted block randomization, such that
3 students and 3 health professionals are provided with each of
the 4 selected sections of the taxonomy. All participants will
access the video footage and coding forms on an online portal.
They will attempt to apply the code of the video footage across
their allocated section of the provisional taxonomy.

Each code selected will be timestamped. Participants will be
able to stop, pause, and rewind the video footage as many times
as they prefer until they are satisfied that they have completed
the coding for their section of the taxonomy. The time taken to
complete this task for each participant for each video will be
recorded. Participants coding the video footage will be asked
open-ended questions to identify the codes they found difficult
to apply, and sections of the video footage to which they found
it more or less difficult to apply the taxonomy. All participants
will complete a debrief task to provide written feedback
regarding the feasibility of the taxonomy use and whether the
video footage is self-evident.

Analysis
Context A: We will examine the agreement between raters by
reporting the proportion of communication code items within
the prototype taxonomy for which there was agreement within
each video, and by reporting Kappa coefficients. For this, each
item within the prototype taxonomy will be considered a
dichotomous unit of measurement coded as being present within
the video or not present. Pairwise comparisons will be made
between each investigator rater, and between these raters and
the gold standard rating inherent within the script used to
develop each video.

Context B: A similar approach will be used for context B;
however, a Kappa coefficient for multiple raters will be used.
Kappa coefficients will be reported separately for each section
of the prototype taxonomy and the health professional vs student
HCP participant groups.

The verbal and written feedback obtained from both contexts’
participants will be subject to content analysis with specific
items being identified as problematic and reasons behind this

being used in the subsequent Delphi panel phase (phase 4) of
this research. Additionally, the mean (SD) duration of time
taken to complete taxonomy coding for both contexts will be
calculated.

Phase 4: Taxonomy Finalization Workshop
The prototype taxonomy will be revised and finalized by a
face-to-face multidisciplinary Delphi panel using the results of
the pilot application of the prototype taxonomy to the coding
of video scenarios (phase 3). The panel will be comprised of
healthcare professionals who are independent of the investigative
team, come from a range of disciplines, and patient experts. The
panel will be asked to consider the evidence from phases 1, 2,
and 3 and consider whether changes to the prototype taxonomy
are needed. Each suggested change will then be voted on
anonymously by the Delphi panel with reasons for supporting
or not supporting the change being written down and read out
after the vote by a panel facilitator. Upon hearing these reasons
and the results of the first round of voting being read out,
participants will be provided with another opportunity to vote
on the proposed change and provide reasons why a change was
or was not supported. This process will repeat until a consensus
is achieved (ie, a change is unanimously endorsed or not
endorsed), or a change in the voting is not achieved in two
consecutive rounds. In this circumstance, a majority decision
will be used to shape the taxonomy; however, a note will be
made that the particular change was not universally supported.
This process will be repeated for each suggested change until
the definitive model of the taxonomy is reached.

Results

This study was funded in November 2017 by the Monash
University Interdisciplinary Research Seed Funding Scheme.
Data collection commenced in March 2018, and data analysis
is in progress. We expect to publish the results in 2021.

Discussion

Our systematic review of the literature and developed taxonomy
will provide a detailed and defined classification of verbal and
non-verbal communication techniques and aids available for
HCPs to use with patients in healthcare consultations. We
anticipate that this review will be of interest to HCPs,
researchers, quality improvement departments at hospitals,
clinics, and universities, and policymakers. The findings will
be used to inform future research by providing a detailed
taxonomy of HCPs’communication techniques and standardized
definitions.

The importance of this work will manifest across a range of
areas. First, it will provide a framework and tools for researchers
to measure and understand the impact of different
communication techniques on patient outcomes. Second, it will
provide a framework on which HCP educators may structure
their training programs. Third, it will help promote health
literacy in patients, which is held as an area where improved
communication by HCPs could promote improved health
outcomes. Health literacy is defined as the “degree to which
individuals have the capacity to obtain, process, and understand
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basic health information and services needed to make
appropriate health decisions” [21]. It has previously been
reported by the World Health Organization that low health
literacy “significantly drain[s] human and financial resources
in the health system” [22]. Future research that directly builds
on this taxonomy could investigate the frequency of use of
different communication techniques in a range of contexts and
for the taxonomy to be adapted to different international settings.
Subsequently, additional blue-sky research could identify
communication techniques that maximize patient understanding
in a range of contexts such as prescribing and health service
availability, which may ultimately improve patient health
outcomes and minimize adverse outcomes from patient care.

Three study limitations have been identified. First, our search
to identify communication techniques and aids is focussed on
the published literature. There may be communication
techniques being promoted by HCPs and those who train them
that have not been described in the published literature, and yet
may still be relevant. Second, the team driving this research is
based entirely within the Australian context. It is possible that
understanding and application of communication techniques
applied in this context may be different from that in other
countries.

Similarly, differences in cultural norms and patterns of behavior
may influence how the investigative team interprets the data
arising from literature from other countries and cultures. Also,
the Delphi panel recruited for the refinement and finalization
stages of the taxonomy will be derived from the Australian
context. Future work will be needed to investigate the adaptation
of the final model of the taxonomy to other countries and
contexts. Finally, the scope of this work excludes
communication approaches and techniques used with patients
who have profound communication impairments. Again, further
work is needed to annex communication approaches, strategies,
and techniques to our final model of the taxonomy to support
its broader application and benefit.

Conclusion
To our knowledge, this is the first attempt to create a detailed
taxonomy of healthcare consultation communication techniques
and aids. The development of this taxonomy can support
communication trial design in the future. The availability of
this tool will aid researchers to describe better communication
techniques and aids used in trials and cohort studies that are
founded on communication.
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Abstract

Background: In Egypt, the population of older adults is rapidly growing. The last census in 2017 indicated that older adults
numbered 94.8 million, which is a 2.56% increase from the 2006 census. There is growing evidence that the older population is
at greater risk for some forms of mental disorders such as depression, dementia, and many more.

Objective: This study aims to review the current evidence regarding the prevalence of mental disorders among older adults in
Egypt. This will be achieved by estimating the current prevalence of mental disorders and identifying any sociodemographic
correlations with mental disorders.

Methods: An electronic search of 5 key databases (MEDLINE, PsycINFO, EMBASE, AMED, and PubMed) from their date
of inception was conducted. In addition, scans of reference lists and searches of key journals, citations, and relevant internet
resources were conducted. Studies were included if they were published in English, point prevalence studies, conducted with
older Egyptians aged ≥60 years, and conducted using a validated diagnostic tool to ascertain mental disorders. Studies that did
not meet any of these criteria were excluded.

Results: This systematic review started in November 2018. The literature search of the 5 databases revealed 343 papers. After
screening titles and abstracts, scanning citations and reference lists, and searching internet sources, a total of 38 full-text articles
were accessed, of which 16 studies met the eligibility criteria and were included. We are currently in the process of data extraction
and synthesis.

Conclusions: This research will help bring the scale of mental disorders among older adults in Egypt to the forefront. This may
help ensure evidence-based initiatives are established and that priority is given to resource allocation for geriatric mental health
in Egypt.

Trial Registration: PROSPERO International Prospective Register of Systematic Review CRD42018114831;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=114831

International Registered Report Identifier (IRRID): DERR1-10.2196/14637

(JMIR Res Protoc 2020;9(7):e14637)   doi:10.2196/14637
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Introduction

Egypt, like most developing countries, is facing a rising trend
in mental disorders, with neuro-psychiatric disorders alone
accounting for 19.8% of the burden of disability [1]. Egypt is
central to the Arab world, an advantage that is supported by its
geographical location, which spans from the northeastern part
of Africa to the southwest region of Asia [2,3]. For instance,
approximately 70% of the mental health professionals in Arab
countries are Egyptians [4,5].

The 2006 census showed that the elderly population (≥60 years
old) represents 7.2% of the total Egyptian population [6]. At
the last census in 2017, adults ≥60 years old numbered 94.8
million, which is a 2.56% increase from the 2006 census [7].
The definition of old age varies in different countries and across
various research studies, where it ranges from 55 years to 75
years. Old age in Egypt is believed to begin at 60 years, which
is the age of retirement [8]. However, there have been proposals
to change the retirement age from 60 years to 65 years, which
might take effect by 2027 [9].

The older adult population in Egypt is mostly affected by
noncommunicable diseases such as mental disorders [10].
Interestingly, mental disorders have always been recognized in
Egypt; in fact, over 5 millennia ago, mental disorders were
viewed as a physical ailment of the heart or uterus [11].
Moreover, one of the first three mental hospitals in the world
was built in Cairo, Egypt [12]. There are 15 state psychiatric
hospitals in Egypt, and nearly all medical schools in Egypt have
a psychiatric department offering diploma, masters, and/or PhD
degrees [2,12]. Currently, there are training programs for
psychiatrists, psychiatric nurses, psychologists, and social
workers; however, it is estimated that the psychiatrist to
population ratio is 1:70,000 [2,13].

There are 3 main types of service providers in Egypt: public,
private, and nongovernmental organizations [13]. Mental health
services provided by the public sector are free; however,
individuals who can afford private care would rather opt for
this option due to the stigma associated with mental disorders
and high quality of care offered [12]. Nongovernmental
organizations are mostly outpatient services that usually have
a sociopolitical or religious affiliation that influences the manner
in which care and support are provided.

Mental disorders in Egypt have a strong cultural and religious
influence. This is perhaps attributed to the strong family support,
which is feasible among extended families. Thus, values, norms
and beliefs about mental disorders are passed down from
generation to generation. Several speculations have been held
about the causes of mental disorders [3,12]. Some opinions
about the causes include a personality weakness, laziness,
exposure to a sudden fright, possession of evil spirits, use of
magic, trauma to the head, heredity, emotional trauma, being
looked at by evil eyes, and many more [12,14].

Mental disorder in Egypt is stigmatizing, and families are afraid
of societal attitudes and discrimination, which often results in
delays in seeking treatment [12,15]. In addition, views about
mental disorders being genetic further heightens the

discrimination and makes families hide this illness from others,
thereby preventing shame, ridicule, and insult to the individual
and the family as a whole [12].

A national survey of adults aged 18-64 years in 5 regions
estimated the prevalence of mental disorders to be 16.93%, of
which mood disorders, anxiety disorders, and multiple disorders
were the most commonly identified [16]. Furthermore, a
systematic review that focused on the prevalence of dementia
in Egypt among individuals aged ≥50 years estimated a
2.01%-5.07% prevalence [17].

Currently, there are no registered studies that have investigated
all mental disorders among the older adult population aged ≥60
years using the International Classification of Disease code 10,
chapter 5 (F code) for mental and behavioral disorders in a
single study. Some studies have estimated the prevalence of
some mental disorders such as anxiety, depression, mixed
anxiety and depressive disorders, mild cognitive impairment,
or dementia [18-22].

Meanwhile, the profile of psychiatric presentation in Egypt
reveals that individuals also present with obsessive-compulsive
disorder, personality disorder, psychosis, schizophrenia,
catatonia, substance misuse, suicide, and parasuicide [2,3].
However, little is being reported about the prevalence of these
mental disorders among older adults. It is presumed that the
cultural beliefs about an association between these mental
disorders and moral failure, compounded by religious beliefs,
further account for the significant under-presentation in mental
health clinics [3,12]. Thus, there is little or no report of these
illnesses among emerging studies.

Generally, it is reported that sociodemographic factors such as
gender, educational status, employment status, and living
arrangement strongly correlate with mental disorders in Egypt.
It has been reported that being female, being unemployed,
having little or no education, and living alone are associated
with mental disorders among older adults (≥60 years) [18-22].

The needs of the older adult population in Egypt have long been
ignored [2]. Moreover, Loza [13] pointed out that mental health
received late recognition within health sector reform. Thus, the
necessary development and financing were not initially a
priority. Therefore, it can be inferred that mental disorders
among older adults in Egypt have received very little attention.
This systematic review will help identify all forms of mental
disorders reported among older adults aged ≥60 years.
Furthermore, it will estimate the current prevalence of these
mental disorders and then identify the sociodemographic factors
that correlate with mental health problems.

Methods

Reporting and Quality Assessment
This protocol adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2009
checklist and is documented on the PROSPERO database
(PROSPERO registration number: CRD42018114831).

PRISMA has been chosen to facilitate transparent reporting of
this systematic review. We acknowledge that PRISMA has
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some shortcomings, such as not being able to gauge the quality
of included papers [23]. This is the reason we are conducting a
quality assessment of the included papers. We are using the
Newcastle-Ottawa scale adapted for cross-sectional studies to
assess the quality of the included studies. In addition, we are
clearly reporting this protocol to allow others to judge and easily
replicate this review [23].

Data Sources and Searches
A search was conducted in 5 databases: MEDLINE, PsycINFO,
EMBASE, AMED, and PubMed. Databases were searched from
their date of inception in order to compare the trend of mental
disorders over the years. Both medical subject headings and
free-text words (searches of titles and abstract) were carried out

in the electronic databases. Searches included terms relating to
or describing mental health disorders, cognitive impairment,
dementia, prevalence, older adult, and Egypt. Boolean operators,
truncation, and combinations of AND, OR, and ADJ were used
when necessary. A sample of combined search terms in an
electronic database is shown in Textbox 1.

In addition, we searched the reference lists of all studies that
met the inclusion criteria and relevant systematic reviews for
any potential eligible studies. We also searched key journals,
citations, and relevant internet resources to ensure this review
contains all possible studies and to ascertain that studies not
indexed in the 5 chosen databases are included in this review.
We contacted authors if additional information was required.

Textbox 1. Sample of combined search terms used in an electronic database.

EMBASE

(((“MENTAL DISEASE”/ OR (mental ADJ1 (disorder* OR disease* OR illness*)).ti,ab OR (Psychiatr* ADJ (disorder* OR disease* OR illness*)).ti,ab
OR DEMENTIA/ OR “COGNITIVE DEFECT”/ OR (“cognitive impairment*” OR “cognitive defect*” OR “cognitive dysfunction”).ti,ab OR
(dementia).ti,ab OR PSYCHIATRY/) AND ((elder* OR “old* adult*” OR geriatric* OR “old* person” OR “old* people” OR “old* age” OR “age*
people” OR “aging people” OR “age* person” OR “aging person” OR “old* patient*” OR psychogeriatric* OR “aging patient*” OR “age* patient*”).ti,ab
OR AGED/ OR GERIATRICS/)) AND (EPIDEMIOLOGY/ OR “CROSS-SECTIONAL STUDY”/ OR “HEALTH SURVEY”/ OR (survey* OR
epidemiolog* OR cross-sectional OR prevalence*).ti,ab)) AND ((Egypt*).ti,ab OR EGYPT/)

Inclusion and Exclusion Criteria
Studies conducted in any setting such as hospitals (both
inpatients and outpatients), residential homes, household
surveys, and others within Egypt were included in this review.
Studies were included if they were published in English, point
prevalence studies, conducted with older Egyptians aged ≥60
years, and conducted with a validated diagnostic tool to ascertain
mental disorders. Validation of diagnostic tools and prevalence
rate is based on self-reported declaration of the original authors
of the included papers. Studies that did not meet any of the
criteria were excluded. It should be noted that point prevalence
is used as recommended by Streiner et al [24].

Data Extraction
Two review authors (OO and GT) independently screened the
studies retrieved from all sources to identify those that
potentially met the inclusion criteria. The full text of these
potentially eligible studies was retrieved and independently
assessed for eligibility. If there was any disagreement between
the two authors, this was resolved through discussion and, if
necessary, with a third member (NS) for mediation. A piloted
data extraction sheet was used to extract data from the included
studies. Extracted information included author’s name, year of
publication, study setting(s), city, duration of the study,
demographics, number of participants, method of recruitment,
diagnostic test used, mental disorders studied, prevalence of
mental disorders, and existence of comorbidities, current
medication, and smoking status.

Quality Assessment
The Herzog modification of the Newcastle-Ottawa scale adapted
for cross-sectional studies was used to assess the quality of the
included studies. The scale assesses 3 main domains: selection,
comparability, and outcomes. Each study could attain a

maximum of 10 points. Studies with 0-4 points were classed as
unsatisfactory, 5-6 points as satisfactory, 7-8 points as good,
and 9-10 points as very good. Two review authors (OO and GT)
assessed the risk of bias, and any disagreements were resolved
by discussion and, if necessary, with a third member (NS) for
mediation.

Data Analysis and Synthesis
A descriptive tabular summary of included studies was
documented, categorizing details based on study setting(s), city,
duration of the study, demographics, number of participants,
method of recruitment, diagnostic test used, mental disorders
studied, and prevalence of mental disorders. The quality or risk
of bias of the included studies was also evaluated.

Preliminary synthesis of the sample and population as well as
demographic information (such as age, gender, education,
employment, residency, marital status, and living arrangement)
was carried out. Furthermore, the correlation between mental
disorders and sociodemographic details within and between
studies will be explored. In addition, the robustness of the
synthesis will be assessed based on the methodological quality
of the studies. A narrative synthesis of the findings of included
studies will be provided. This is because we anticipate that the
included studies will be methodologically diverse.

Results

This systematic review started on November 1, 2018. The search
has been completed. The literature search of the 5 databases
revealed 343 papers. After screening titles and abstracts,
scanning the citations and reference lists, and searching internet
sources, a total of 38 full-text articles were accessed, of which
16 studies met the eligibility criteria and were included. Figure
1 provides the details of the search outcome.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow illustrating the search outcomes.

All identified studies carried out point prevalence studies
ranging from a period of 3 months to 2 years with adults aged
≥60 years. We are currently in the process of data extraction
and synthesis. The findings of this review may help bring the
scale of mental disorders among older adults in Egypt to the
forefront, which may result in evidence-based initiatives being
established as well as prioritized resource allocation for geriatric
mental health in Egypt. The results of this systematic review
will be published in a peer-reviewed journal.

Discussion

This systematic review identified 16 studies matching the
eligibility criteria. This study is conducted as the initial step of

a longitudinal study on mental disorders among the older adult
population in Egypt. The paucity of existing studies highlights
the need for further research.

This review will help identify mental disorders among older
adults. It will also describe any associations between mental
disorders and sociodemographic status. The findings may help
bring the impact of mental health problems among older adults
in Egypt to the forefront for policy makers, service providers,
and researchers.

There might be a need to develop a uniformed approach to the
demographic and social determinants of mental disorders in
older adults in Egypt and similar countries. This research could
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also serve as a guide when developing interventions and
prioritizing resource allocation for mental health in Egypt.

Regarding potential limitations, it is anticipated that some
potentially relevant studies may not be included due to selecting
studies only published in English.
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Abstract

Background: High rates of cannabis and illicit drug use are experienced by young people during the final stages of
neurodevelopment (aged 15-24 years), a period characterized by high neuroplasticity. Frequent drug use during this time may
interfere with neurophysiological and neuropsychological development pathways, potentially leading to ongoing unfavorable
neuroadaptations. The dose-response relationship between illicit drug use, exposure, and individual neurodevelopmental variation
is unknown but salient with global shifts in the legal landscape and increasingly liberal attitudes and perceptions of the harm
caused by cannabis and illicit drugs.

Objective: This systematic review aims to synthesize longitudinal studies that investigate the effects of illicit drug use on
structural, functional, and cognitive brain domains in individuals under the neural age of adulthood (25 years). This protocol
outlines prospective methods that will facilitate an exhaustive review of the literature exploring pre- and post-drug use brain
abnormalities arising during neurodevelopment.

Methods: Five electronic databases (Medline, Embase, PsycINFO, ProQuest Central, and Web of Science) will be systematically
searched between 1990 and 2019. The search terms will be a combination of MeSH (Medical Subject Headings), with keywords
adapted to each database. Study reporting will follow the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, and if relevant, study quality will be assessed using the Grades of Recommendation, Assessment,
Development, and Evaluation (GRADE) approach. Eligible studies are those that sampled youth exposed to cannabis or illicit
drugs and employed neurophysiological or neuropsychological assessment techniques. Studies will be excluded if participants
had been clinically diagnosed with any psychiatric, neurological, or pharmacological condition.

Results: This is an ongoing review. As of February 2020, papers are in full-text screening, with results predicted to be complete
by July 2020.

Conclusions: Integrating data collected on the three brain domains will enable an assessment of the links between structural,
functional, and cognitive brain health across individuals and may support the early detection and prevention of neurodevelopmental
harm.

Trial Registration: PROSPERO CRD42020151442; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=151442

International Registered Report Identifier (IRRID): PRR1-10.2196/18349

(JMIR Res Protoc 2020;9(7):e18349)   doi:10.2196/18349
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Introduction

Illicit drug use and associated harms are highest among young
people aged 15-24 years [1]. Globally, the onset of illicit drug
use spikes around 15 years of age, a stage of high
neuroplasticity, and rates climb throughout emerging adulthood
(18-24 years) before dropping at approximately 25 years—after
neuromaturation [2,3]. It comes as no surprise that illicit drug
use during neurodevelopment is widespread; a quarter (24%)
of adolescents (12-17 years) and over half (57%) of emerging
adults report illicit drug use in the United States [4]. Moreover,
from adolescence to emerging adulthood, lifetime
methylenedioxymethamphetamine (MDMA; ecstasy) use surges
from 0.8% up to 10.5% and cocaine use rises from 0.7% to
11.4% [4]. Although single-time drug use carries a small
increase in morbidity and mortality, it may be the patterns of
use and stage of neurodevelopment, that most influences the
risk of neuronal aberrations and dependence [5]. Cannabis is
the most commonly consumed illicit drug worldwide, with 5.6%
of the world’s adolescent population reporting recent use, nearly
one fifth (18%) of Europeans (15-24 years) reporting past-year
use [6], and 10% of young Canadians reporting daily or almost
daily use [7]. In Australia, around 41% of young people (14-24
years) have used an illicit drug in the past year, representing
90% of all national illicit drug users [8]. Despite risky patterns
of use and the potential for ongoing harm, there is limited
research investigating the ongoing impact of illicit drug use on
the developing brain.

Adolescence and emerging adulthood represent a period of
protracted neurobiological development marked by structural
and functional remodeling, contributing to improved cognitive
performance [9,10]. Structural integration occurs throughout
the brain into early adulthood, with processes such as synaptic
pruning (removal of unneeded neural connections), myelination
(insulation and strengthening of neural messaging), and
synaptogenesis (new neural connections), occurring
predominantly in the prefrontal cortex [11]. These structural
advances provide the underpinning of encephalization, which
is the age-related transfer of function from the primitive,
autonomic systems such as the hindbrain (pons, cerebellum,
and medulla oblongata) and subcortical midbrain (limbic
system), to the sophisticated cognitive systems of the forebrain
(cerebral cortex, including the prefrontal cortex) [12,13].
Structural and functional maturation in cortical regions of the
brain, specifically in the prefrontal cortex, precipitate improved
cognition functioning [14], however, occur over a nonlinear
trajectory. For example, neural projections between the
prefrontal cortex and subcortical limbic system oscillate between
regressive and progressive changes. Although development
across structural, functional, and cognitive domains are
inextricably linked, they are asynchronous, so one does not
indicate the presence of another. Therefore, interpreting single
brain outcomes during neurodevelopment is limited, particularly
if assessed during a single data instance. Triangulating
neurophysiological and neuropsychological studies may help

to account for different trajectories of neurodevelopment and
establish a more wholistic view of brain health.

The neurotoxic impact of illicit drugs on the developing brain
has been studied extensively; however, a clear relationship
between exposure (drug class[es] and patterns of use) and
neurological sequelae is yet to be established. Sustained use of
most drugs, such as cannabis inhalants, opiates,
psychostimulants, and ecstasy, tends to be associated with
executive dysfunction such as declines in working memory,
verbal fluency, learning, and attention [15-18] and structural
and functional abnormalities in the frontal cortex and limbic
system [19-22]. However, the precise and quantifiable impact
of different drug classes is less clear. A recent review of
neuroimaging publications involving adolescent drug use
showed that most focus on alcohol, only 45% focus on cannabis,
less than 2% assess ecstasy/meth and inhalants, and 7% address
polydrug use [23]. Untangling the impact of illicit substance
use, including the difference between regular low dose use and
infrequent high dose use, is challenging in part due to the limited
investigation in this area [24,25]. Studies measuring the brain’s
capacity to recover after abstinence are mixed [26,27], with
some confirming cognitive deficits are present in the weeks
after drug use [28,29], others claiming full recovery [30], and
others showing persistent structural and functional changes
months and years after abstinence [29,31]. Longitudinal study
designs are required to discern the impact of complex patterns
of illicit drug use and determine which classes carry additional
risk of ongoing harm.

The age of drug use onset and corresponding stage of brain
development may mediate neurophysiological and
neuropsychological vulnerability to harm [32,33]. Many studies
have shown a difference in harm between adolescents and adults
[25], and some researchers hypothesize the brain is more
protected against harm after 16 or 17 years of age [34,35].
Adding to the complexity are sex-based neurobiological factors
that may subject females to higher risk than males [36-38].
Unfortunately, sex-based differences are not well understood,
in part due to the underrepresentation of females in
neuroimaging studies. Pressingly, the gender gap between male
and female use may be closing [39-41] and could be
accompanied by an increase in the number of young females
presenting with neurodevelopmental aberrations. Longitudinal
studies that help to untangle the relationship between
pre-existing neural differences and trajectories of
neurodevelopment will help elucidate individual vulnerability
to harm.

Several narrative reviews have synthesized the evidence of the
long-term impact of illicit drug use on the developing brain
[42,43]; however, there are limited systematic reviews that can
provide a complete view of the evidence. The systematic reviews
are highly skewed towards cannabis use [44-46] and tend to
provide insight into a single brain outcome [47]. Very few
reviews harness structural, functional, and cognitive data
[23,48-50], and only one incorporates findings on more than

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e18349 | p.253https://www.researchprotocols.org/2020/7/e18349
(page number not for citation purposes)

Debenham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


one drug [51]. Most importantly, very few reviews assess the
longitudinal harms of drugs [25,52,53] and instead rely on
cross-sectional data, which provide a limited assessment of
change over neurodevelopment. Of these reviews, one did not
include neuroimaging data [54], and the remaining three
included only one brain domain [25,52,53]. To our knowledge,
there has been no systematic review of longitudinal studies
measuring the long-term impacts of a broad range of common
illicit drugs, with findings encompassing both neurobiological
and neuropsychological outcomes. To understand the
neurological health burden of illicit drugs for young people and
to inform policy and future prevention programs, a systematic
review of the longitudinal studies assessing the impact of illicit
drug use on structural, functional, and cognitive brain domains
in young people will be conducted. Specifically, the main
objectives of this review include:

1. Investigate pre-existing neurodevelopmental risk factors
associated with increased cannabis and illicit drug use and
related harm for young people (<25 years).

2. Assess the residual, dose-dependent effects of cannabis and
illicit drugs on the function, structure, and cognitive profile
of the developing brain (<25 years).

3. Determine to what extent cannabis and illicit drug use
during neurodevelopment (<25 years) predict sustained
structural, functional, and cognitive brain changes.

Methods

This systematic review has been registered with the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42020151442) and was written per the Preferred Reporting
Items for Systematic Review (PRISMA) guidelines [55] as
provided (see Multimedia Appendix 1).

Population Characteristics
Studies that target young people aged 10-25 years who have
any lifetime exposure to cannabis or another illicit drug will be
included. We will exclude studies in which the average age of
participants is older than 25years.

Eligibility Criteria
The proposed systematic review will include published studies
that focus on young people aged 10-25 years who have used
cannabis or an illicit drug; report on empirical, longitudinal
data, where the same measurement has been employed over
multiple time points; and where the measurements include test
batteries assessing structural, functional or neuropsychological
brain domains. Studies will include a sample with exposure to
cannabis, illicit drugs, or both, where exposure involves at least
single time use. Studies must compare participants who meet
the criteria for cannabis or illicit drug exposure with a
comparison group with less exposure. Eligible studies published
after January 1990 in the English language will be included.

Participants who have been clinically diagnosed with psychiatric
or neurological conditions will be excluded from the review to
prevent confounding results. As this review focuses on brain
changes over time, we will exclude cross-sectional studies.

Search Strategy
Aided by a research librarian, five electronic databases will be
systematically searched: Medline (Ovid), Embase (Elsevier),
PsycINFO (OvidSP), ProQuest Central, and Web of Science,
using Medical Subject Headings (MeSH). Search terms will be
developed individually for each database, and specific terms
for each search group are defined in the additional search
strategy file (see Multimedia Appendix 2 for strategy and
Multimedia Appendix 3 for an example search of Medline).
The search will be limited to peer-reviewed studies of human
subjects published in the English language, between 1990 and
2019, given the improvement in brain scanning techniques
during this time. Researchers will manually review the reference
lists of eligible papers to detect further relevant papers and will
cross-reference other recent systematic reviews to discover
additional studies. All papers identified in the search strategy
will be exported into a bibliographic database for deduplication
and screening and uploaded to the Covidence online software
program for screening.

Data Extraction and Screening
All titles and abstracts from the returned searches will be
screened by one reviewer based on the eligibility criteria, and
a random sample of 25% will be screened again by a second
reviewer, with any disagreement resolved by a consensus.
Similarly, full-text copies will be screened twice according to
the eligibility criteria by two independent reviewers with any
disagreement resolved by a consensus. Data extraction will be
supported by an extraction template, which will first be piloted
to ensure it adequately captures trial data. The following data
will be extracted from all included full-text articles:

• Study information (author, year, title, location);
• Study characteristics (study design, imaging/test technique);
• Sample characteristics (sample size, gender and age

distribution);
• Drug exposure characteristics (drug type/s, age of initiation,

route of administration, frequency, quantity, abstinence
period, and assessment method);

• Data characteristics (exclusion criteria, number of
measurement occasions, brain region);

• The statistical approach used to investigate change over
time; and

• Key results.

Where necessary, the corresponding author of the included
studies will be contacted via email to obtain any relevant data
not presented in the published paper. In the case of study
attrition bias, authors will be contacted to request additional
data to be incorporated into the review.

Outcomes
The primary outcomes of interest will be the residual and
long-term differences in neurobiological (structural and
functional) and neuropsychological (cognitive) brain domains
between the active and control group. The neuroanatomical
development trajectories of particular interest include global
and local gray matter measures (volume, density, and thickness);
integrity of white matter microstructure and fiber connectivity
(including directional organization, myelination, axonal packing)
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[56]; and receptor distribution. Global and local function, as
understood through cortical activation, will be measured by
blood flow and blood oxygenation level-dependent oxygen
consumption [57]. Finally, cognitive performance, will be
measured through neuropsychological tasks assessing attention
and concentration, decision-making and risk-taking, inhibition
and impulsivity, episodic and working memory, verbal fluency,
planning, IQ and general executive functioning. Where possible,
outcomes will be deconstructed into male and female results.

Strategy for Data Synthesis
We anticipate a high degree of heterogeneity among study
design and participant characteristics, and will, therefore,
conduct a narrative synthesis on all available data. If it is
appropriate to combine studies, meta-analysis will be conducted
using Review Manager software (Cochrane). Synthesis of the
included study data will be structured according to technique
type, and differences between the control and exposed groups
will be compared. Pre-existing cognitive, structural, and
functional features will be accounted for through
standardization. If possible, a subanalysis of gender-based
differences will be conducted.

Risk of Bias and Quality Assessment
Reviewers will independently assess the risk of bias by adapting
Cochrane Collaboration’s tool for assessing the risk of bias in
trials [58]. The tool will be used to assess the extent to which
biases may impact study results, such as selection bias, attrition
bias, reporting bias, performance bias, and detection bias. Other
relevant biases will be considered where appropriate. A third
reviewer will resolve any discrepancies that may arise.
Reviewers will assign scores to the six domains, and the total
risk of bias will be provided for each study, with higher scores
indicating a lower risk of bias.

The overall quality of the body of evidence will be determined
using the Grades of Recommendation, Assessment,
Development, and Evaluation approach [59]. Study quality will
be graded as high (further research is unlikely to change our
confidence in the effect), moderate (further research is likely
to have an impact on our confidence in the effect and may
change the estimate), low (further research is likely to have an
impact on our confidence in the effect), and very low (uncertain
about the effect estimate). The included studies will start with
a high-quality rating and move downwards based on scoring,
and observational studies will begin on a low-quality rating and
move upwards.

Results

This paper describes an ongoing review. As of February 2020,
papers are in full-text screening, with results predicted to be
complete by July 2020.

Discussion

Accumulating research assessing the impact of illicit drug use
on the developing brain underscores the need for a systematic
review to assist clinicians, educators, and public health advisors
in evidence-based practice. The significant consequences of
illicit drug use, such as an increase in the likelihood of
developing a drug use disorder or a persisting mental deficit,
may be preventable [37,60]. The shifting legal landscape and
subsequent liberalization of attitudes and perception of the harm
of drugs make quantifying their precise neurological impact
critically important. Synthesizing a current view of the evidence
of illicit drug use and brain development may support the early
detection and prevention of neurodevelopmental harm.
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Abstract

Background: Patient portals are digital health tools adopted by health care organizations. The portals are generally connected
to the electronic health record of the health care organization and offer patients functionalities such as access to the medical
record, ability to order repeat prescriptions, make appointments, or message the health care provider. Patient portals may be
beneficial for both patients and the health care system. Patient portals can widely differ from one context to another due to the
differences in the portal functionalities and capabilities and it is anticipated that outcomes associated with the functionalities also
differ. Current systematic reviews report outcomes associated with patient portal uptake but do not explicitly specify the patient
portal functionalities.

Objective: The aim of this systematic review is to synthesize the evidence on health and health care quality outcomes associated
with patient portal use among adult (18 years or older) patients. The review research questions are as follows: What kind of health
outcomes do tethered patient portals and patient portal functionalities contribute to in adult patients (18 years or older)? and What
kind of health care quality outcomes, including health care utilization outcomes, do tethered patient portals and patient portal
functionalities contribute to in adult patients (18 years or older)?

Methods: The systematic review will be conducted by searching the MEDLINE, EMBASE, and Scopus databases for relevant
literature. The review inclusion criteria will be studies about adult patients (18 years or older), studies only about tethered patient
portals, and studies with or without a comparator. We will report patient portal–associated health and health care quality outcomes
based on the patient portal functionalities. All quantitative primary study types will be included. Risk of bias of included studies
will be assessed using the Cochrane Collaboration’s tool for assessing risk of bias in randomized trials and the National Heart,
Lung, and Blood Institute’s quality assessment tools. Data will be synthesized using narrative synthesis and will be reported
according to the patient portal functionalities, country, disease, and health care system model.

Results: Searches will be conducted in September 2019, and the review is anticipated to be completed by the end of June 2020.

Conclusions: This systematic review will provide an overview of health and health care quality outcomes associated with patient
portal use among adult patients, providing detailed information about the functionalities of the portals and their associations with
the outcomes. The review could potentially help patient portal evaluation studies by providing insights into outcomes associated
with the different functionalities of patient portals.

Trial Registration: International Prospective Register of Systematic Reviews (PROSPERO) CRD42019141131;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=141131

International Registered Report Identifier (IRRID): PRR1-10.2196/14975

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e14975 | p.260https://www.researchprotocols.org/2020/7/e14975
(page number not for citation purposes)

Alturkistani et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:Abrar.alturkistani16@imperial.ac.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/


(JMIR Res Protoc 2020;9(7):e14975)   doi:10.2196/14975

KEYWORDS

personal health record; patient portal; electronic health records; online access; patient records; systematic review

Introduction

Technology is affecting all aspects of health care systems. With
the introduction of electronic health records (EHRs), patients
are now able to access their medical records through patient
portals, or personal health records (PHRs). Tethered patient
portals or PHRs are connected to the EHR operated by the health
care provider or organization and typically contain information
about patient’s health records such as allergies, immunizations,
medication, and upcoming appointments [1]. Some patient
portals can also include information such as genetic data,
preventative or customized medical advice [1], or offer
functionalities such as ordering repeat prescriptions, messaging
health care providers, and sharing health care record [2].

Patient portals are generally offered through the primary care
providers, but can also be offered in hospital care, or during
acute care [3]. The technology provides some benefits to patients
and the health care system. For the health care system, portals
may contribute to reducing phone call and visits [4], reducing
emergency department visits [5], reducing hospital readmissions,
improving the quality and efficiency of the health care system
[6,7], and reducing health care service utilization in the long
run and improving adherence to medical appointments [8]. For
the patient, the use of patient portal may contribute to assisting
in medical decision making [9], improving health care outcomes
[6,10], improving adherence [11], improving patient- or
person-centered care [4], improving patient satisfaction and
increasing patient safety [12], and improving disease
management and prevention [6,7]. In addition, patient portal
functionalities such as viewing medical record may improve
the relationship between patients and their providers [13]. Patient
portals also make it possible to connect different emerging
technologies such as wearable devices and mobile health
(mHealth) technologies and collect the information in the patient
record [14].

Although patient portals are associated with benefits to patients’
health and to the health care system, there are no definitive
explanations about how they contribute to improved outcomes.
A theoretical framework depicting how a patient portal access
could improve health and health care quality experience is
illustrated in Figure 1 using findings of qualitative studies. The
benefits are often explained through the use of specific
functionalities of the portal. For example, patients’ access to
the health record with visit notes gives them ability to revisit
their notes, which in turn improves their compliance with the
care plan set out by the doctor [15,16] and also increases their
confidence [17,18]. At the same time, access to the health record
or test results gives the patients the chance to instantly and

continuously review their record, increasing their knowledge
about their condition [15] and improving their communication
with the health care provider through increased ability to discuss
their health care condition [15,16,18]. Other functionalities of
patient portals such as e-messaging or secure messaging and
patient education can improve patients’ involvement in their
care [15] and their knowledge about their disease [19],
respectively. Patients’ ability to refill medication through the
portal allows them to efficiently refill medication, reducing the
time they spend without medication, and as a consequence may
improve their adherence and compliance with medication regime
[17,20].

When reviewing patient portal studies it is important to consider
possible sources of bias. Patient portal studies are often subject
to bias due to the complex mechanisms involved between
technology use and outcomes. Uptake usually varies between
patients and often only registration on the portal is accounted
for in studies. For example, while a meta-analysis reported a
mean adoption rate of 51% (95% CI 42%-62%) from 40 studies
about patient portals [21], a patient portal for laboratory results
viewing with additional functionality of e-messaging received
only 8.91% views out of the 208,635 tests released through the
portal [22]. Second, registration or access to the portal does not
guarantee use of the portal. A study among 301 patients with
asthma reported that patients rarely used the patient portal on
a regular basis and only about one-half used the portal in general
[23]. In addition, studies cannot possibly take into account all
of the interventions/factors other than the patient portal that
may contribute to the patient outcomes [23].

Health care systems around the world are adopting patient
portals [11,24,25]. In England, the National Health Service
(NHS) made patient portals universally available in all general
practices since 2015 [26]. The outcomes of the introduction of
patient portals in England are yet to be examined, but before
any outcomes can be expected, there needs to be an uptake of
the technology by patients. Most published systematic reviews
about patient portals focused on health outcome [11,24,25],
patient experience outcomes such as patient engagement [27]
or patient satisfaction [12], facilitators and barriers of use [21],
and impact on quality [7]. However, most of these systematic
reviews are now outdated due to the increased number of studies
about patient portals in the last 1-2 years. Some reviews focused
on patient portal adoption by a patient subgroup such as patients
with diabetes [6,10], or cancer [2]. One meta-analysis reported
patient portal adoption stratified by study setting (controlled
versus real-world) but did not report patient portal functionalities
of the included studies [21].
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Figure 1. Theoretical framework of how patient portal use could lead to improved health and health care quality.

Although a number of published systematic reviews about
patient portals are available, there are currently no reviews, that
we know of, that focus on patient portal functionalities. When
describing the outcomes, contextual factors such as the health
care setting, patient type, and the functionalities of the patient
portal should be considered as much as possible. Research
reporting patient portal outcomes can provide valuable evidence
if the context and the patient portal functionalities are clearly
described and specified [6], because the context could contribute
to the success of the technology. In addition, because patient
portal adoption can generally be higher among patients with
chronic diseases [28], the literature focused on studying the
patient portal mostly by patient subpopulations such as those
with diabetes or hypertension [17]. It is, therefore, essential to
report user characteristics and contextual factors when
considering patient portals.

There are a number of systematic review protocols of ongoing
reviews about patient portals. Ammenwerth et al. [29] are
planning to report patient portal outcomes based on the
functionalities of the portal in which they will compare patient
portals with access to the EHR alone with portals that have
additional functionalities. However, the review will only include
randomized controlled trials and cluster randomized controlled
trials. Other upcoming reviews are examining patient portal
user expectations [30]. An upcoming review by Petrovskaya et
al. [31] plans to report patient and health care outcomes as a
result of using patient portals among others; however, this will
be an umbrella review and will only include other systematic
reviews. Some other upcoming reviews will only focus on
specific diseases such as diabetes, multiple sclerosis, and lower
limb arthroplasty [32], or on one functionality of the patient

portals (ie, having access to the medical record) [33], or will
report only specific health care outcomes such as no-show
appointments and emergency visits [34].

The aim of this systematic review is to synthesize the evidence
on health and health care quality outcomes associated with
patient portal use among adult (18 years or older) patients.

The review research questions are as follows:

• What kind of health outcomes do tethered patient portals
and patient portal functionalities contribute to in adult
patients (18 years or older)?

• What kind of health care quality outcomes, including health
care utilization outcomes, do tethered patient portals and
patient portal functionalities contribute to in adult patients
(18 years or older)?

All research questions will be stratified by country, disease type,
and health care system model.

Methods

Guidelines and Study Registration
This section will outline the methods of the systematic review
using the Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) guidelines [35]
(Multimedia Appendix 1). This protocol is registered in
PROSPERO, International Prospective Register of Systematic
Reviews (registration number: CRD42019141131).
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Inclusion Criteria
The review inclusion criteria with reference to participants,

interventions, comparators, and outcomes (PICOS) framework
[36] are reported in Table 1.

Table 1. Inclusion criteria for the systematic review using the participants, interventions, comparators, and outcomes (PICOS) framework.

CriteriaCharacteristics

Population • All adult patient(s) (18 years or older).

Intervention • Tethered patient portals only (patient portals that are connected to the patient’s electronic medical record). Patient portals
functionalities could include, but are not limited to functionalities for viewing the medical record, making appointments or or-
dering repeat prescriptions, communicating with the health care providers. Patient portals will be included as long as they are
connected to the electronic health care record despite the functionalities they offer. The patient portal could be based in any
health care setting including primary care, secondary care, or specialist care.

Comparator • Usual care, other intervention, or no comparator.

Primary outcomes:Outcomes

• Changes in patient health outcome measures associated with portal use.
• Changes in health care quality outcomes including health care utilization.

Study types • Only quantitative study design will be included.

Exclusion Criteria
• PHRs or patient portals that are not connected to the EHR.
• The review will exclude patient portals that are designed

only to deliver patient education or counselling.
• Qualitative studies.

Information Sources and Search Strategy
The databases that will be searched include (1) MEDLINE
(through Ovid), (2) EMBASE (through Ovid), and (3) Scopus.
The search will have no restrictions or limits. The base search
strategy was developed in the MEDLINE database (Multimedia
Appendix 2) through multiple discussions with a medical
librarian. The strategy will be modified and adjusted for each
database according to the relevant keywords and subject
headings in each database. Further studies will be identified
through checking the references of eligible studies.

Study Records and Selection
We will use the Zotero (Roy Rosenzweig Center for History
and New Media, USA) reference management software for
removing duplicates and managing records. Studies will be
scanned through the reading of the titles and abstracts in the
first instance. Study title and abstracts will be assessed against
the inclusion and exclusion criteria and studies that are clearly
irrelevant will be excluded. Relevant studies and studies that
did not provide enough detail in the abstract to judge their
eligibility will then be assessed through full-text reading. Two
members of the research team will independently perform title,
abstract, and full-text screenings of the studies and discuss any
discrepancies with a third reviewer. The study selection process
will be recorded in a PRISMA flow diagram [35].

Data Extraction
Data extraction will be performed independently by two
reviewers. A data extraction form was formulated to collect
relevant data from the identified studies (Multimedia Appendix
3). The information collected in the data abstraction form will
include (1) the last name of the author(s) and year of publication;

(2) country of patient portal; (3) patient portal functionalities
(the types of functionalities will not be defined prior to the
review to avoid limiting the types that could be included.
However, the functionalities, could include, but are not limited
to functionalities mentioned in Figure 1, including accessing
information through the portal, e-messaging, repeat prescription
ordering, or appointment booking); (4) study type (controlled
or real world); (5) patient characteristics, such as age group and
sex; (6) any other patient characteristics specified in the study
(such as patients with diabetes); (7) context-related factors (if
any), such as type of health care setting (primary care or
secondary care, or private or public health care); and (8)
outcomes (health outcomes and health care quality outcomes
will be recorded separately). Health outcomes could include
any changes in disease indicators such as changes in blood
pressure, plasma glucose concentration (hemoglobin A1c), or
cholesterol levels. Health care quality outcomes could include
any indicators of health care quality such as health care
utilization rates, mortality rates, or disease-specific quality
indicators. Study type is important because a previous
meta-analysis found significant differences in adoption rates
between controlled settings and real-world settings with patients
being 10.8 times more likely to adopt the portals in controlled
settings when compared with real-world settings (95% CI
3.2-36.3) [21].

Quality Appraisal
The risk of bias of randomized controlled trials will be assessed
using the Cochrane Collaboration’s tool for assessing risk of
bias in randomized trials [37]. Observational, cross-sectional,
and quasi-experimental studies will be assessed using the
National Heart, Lung, and Blood Institute (NHLBI) quality
assessment tools for each study design [38]. The NHLBI tool
helps assess the “internal validity of studies” and identify
possible sources of bias [39]. The tool can be used to rate studies
as good, fair, or poor in terms of risk of bias. Risk of bias
assessment will be performed independently by two reviewers
using the criteria from each of the risk of bias assessment tools
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depending on the type of study (Tables 1 and 2 in Multimedia
Appendix 4). Summaries of risk of bias assessments will be
presented as a table or a graph or in both formats for each study
design. Results of the risk of bias assessment will be taken into
account when interpreting findings from the studies; however,
these results will not likely be used to exclude studies based on
the risk of bias. These results will instead further help assess
the confidence in outcomes concluded from the included studies.

Data Analysis and Synthesis
It is anticipated that performing a meta-analysis will be unlikely
due to the heterogeneity of studies. Studies are likely to vary in
terms of the methods used to collect and analyze the data, and
in the outcomes reported. Alternatively, a narrative synthesis
method will be used following guidelines suggested by Popay
et al. [40] and the Cochrane Consumers and Communication
Review Group (data synthesis and analysis document) [41].
The analysis will start by exploring the differences between and
within the studies and identifying patterns in study outcomes.
The relationship between studies, and gaps in the study findings
will also be addressed in the synthesis.

Results

This systematic review is ongoing. The software searches started
in September 2019. Data abstraction and data synthesis are
expected to be completed by the end of June 2020. The review
is anticipated to be completed by the end of June 2020. We are
planning to disseminate the forthcoming systematic review in
a peer-reviewed journal.

Discussion

Principal Study Findings
This systematic review will provide a comprehensive overview
of the patient portal literature. To make it easy to compare
between studies examining patient portals, we will categorize

results by patient portal functionalities, disease, country, and
health care system model. In the discussion section of the
completed review, we will discuss implications from the studies,
researcher assumptions, quality of the data, strengths and
limitations of the review, and areas for future research.

Comparison With Previous Work
A common theme in current systematic reviews is the high
heterogeneity between studies evaluating or assessing patient
portals as well as the high heterogeneity between the
functionalities offered by each portal [10]. Certain patient portal
functionalities can have a higher association with improved
health outcomes than others [6]. To control for the differences
between the different portals, we will compare outcomes
associated with portals based on the patient portal functionalities
taking into account the disease or condition for which the portals
are used for whenever possible. The outcomes of this review
will inform a population-level analysis of patient portal use
stratified by patient portal functionality, disease, country, and
health care system model.

Limitations
It is a possibility that studies with low patient portal uptake do
not report or publish their study findings. One way to deal with
publication bias is by including both published and unpublished
literature such as gray literature [42]. However, due to time
constraints this review will only include published and
peer-reviewed studies which subjects this review also to
publication bias. The review will omit qualitative studies due
to the drastic differences in methods and reporting of the results.
However, this does not indicate that qualitative studies are not
important to understand the outcomes related to patient portals.
A systematic review focusing on qualitative studies reporting
patient portal outcomes will help to further understand the
mechanisms involved between patient portal use and health
outcomes and can complement the findings of the forthcoming
review.
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Abstract

Background: Younger breast cancer survivors consistently report a greater impact of their cancer experience on quality of life
compared with older survivors, including higher rates of body image disturbances, sexual dysfunction, and fatigue. One potential
strategy to improve quality of life is through physical activity, but this has been understudied in younger breast cancer survivors,
who often decrease their activity during and after cancer treatment.

Objective: The aim of this study is to explore the feasibility and acceptability of a technology-based, remotely delivered, peer-led
physical activity intervention for younger breast cancer survivors. We will also assess the preliminary impact of the intervention
on changes in physical activity and multiple aspects of quality of life.

Methods: This study is a community-academic partnership between University of California, San Diego and Haus of Volta, a
nonprofit organization that promotes positive self-image in younger breast cancer survivors. This ongoing pilot study aims to
recruit 30 younger breast cancer survivors across the United States (<55 years old, >6 months post primary cancer treatment,
self-report <60 min of moderate-to-vigorous-intensity physical activity [MVPA]) into a 3-month peer-delivered, fully remote
exercise program. Participants will complete 6 biweekly video chat sessions with a trained peer mentor, a fellow younger breast
cancer survivor. Participants will receive a Fitbit Charge 3; weekly feedback on Fitbit data from their peer mentor; and access to
a private, in-app Fitbit Community to provide and receive support from other participants and all peer mentors. At baseline, 3
months, and 6 months, participants will complete quality of life questionnaires, and MVPA will be measured using the ActiGraph
accelerometer. Feasibility and acceptability will be explored through a mixed methods approach (ie, quantitative questionnaires
and qualitative interviews). Intervention delivery and adaptations by peer mentors will be tracked through peer mentor
self-evaluations and reflections, review of video-recorded mentoring sessions, and monthly templated reflections by the research
team.

Results: Recruitment began in September 2019. As of February 2020, the physical activity intervention is ongoing. Final
measures are expected to occur in summer 2020.

Conclusions: This study explores the potential for physical activity to improve sexual function, body image, and fatigue, key
quality of life issues in younger breast cancer survivors. Using peer mentors extends our reach into the young survivor community.
The detailed process evaluation of intervention delivery and adaptations by mentors could inform a future hybrid-effectiveness
implementation trial. Finally, remote delivery with commercially available technology could promote broader dissemination.
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Introduction

Background
Although women diagnosed with breast cancer at less than 50
years of age comprise fewer than 10% of all breast cancer
survivors [1], they have lower survival rates than older survivors
and experience unique health and psychosocial issues [2].
Younger age at diagnosis is a risk factor for more advanced
disease, and younger women often undergo more aggressive
treatment regimens [3]. Younger cancer survivors consistently
report a higher impact of their cancer experience on quality of
life compared with older survivors [4]. This is likely due to a
combination of more aggressive treatments and being diagnosed
at a time when they are in the midst of forming relationships,
starting and raising families and/or caring for aging parents,
and establishing a career and work-life balance [5-9].
Cancer-related physical and psychosocial changes can impact
productivity at home and work, even after treatment concludes
[10-12]. Key psychosocial concerns in this population include
body image disturbances because of physical changes (eg, hair
loss, weight gain, and surgical scars), sexual functioning, and
fatigue [4,5,13-17]. To date, few evidence-based interventions
have been identified for younger breast cancer survivors to
improve these aspects of quality of life.

In older breast cancer survivors, physical activity reduces the
risk of cancer recurrence and mortality [18-21]. Physical activity
has also been shown to decrease fatigue and may ameliorate
some of the most troubling problems of younger survivors, such
as poor body image and sexual dysfunction [22-24]. Younger
breast cancer survivors often reduce their activity levels during
and after treatment [25] and are less likely to be active than
similar-aged women without cancer [26]. Few physical activity
interventions have been tested in younger cancer survivors
[27-29], although younger survivors would be best served by
interventions designed or adapted to target their specific needs.
General barriers to exercise such as scheduling and lack of time
may be particularly relevant for younger cancer survivors due
to a combination of persistent side effects from aggressive
treatment regimens and the many competing demands of this
life stage [8]. In addition, given young survivors’ higher rates
of depressive symptoms and fatigue, they may be more likely
than older survivors to experience psychological barriers to
activity (eg, low motivation and emotional distress) [8]. Taken
together, these factors make it difficult for younger cancer
survivors to start and maintain an exercise routine.

Intervention modalities that do not require in-person attendance
and can be accessed anytime and anywhere, such as remotely
delivered, technology-based physical activity interventions
using wearable trackers and mobile phones, may help younger

breast cancer survivors overcome barriers to exercising.
Commercially available wearable activity trackers and their
companion mobile apps (such as the Fitbit and Fitbit app) can
facilitate numerous theory-based techniques shown to be
associated with increasing exercise in cancer survivors,
including self-monitoring, goal setting, and performance
feedback on several activity-related metrics, including the
n u m b e r  o f  s t e p s  t a k e n ,  m i n u t e s  o f
moderate-to-vigorous-intensity physical activity (MVPA), and
continuous heart rate tracking [30-38]. Several studies using
wearable trackers have demonstrated their efficacy, particularly
when combined with traditional counseling, for increasing
physical activity in the general population [39] and in older
breast cancer survivors [40,41]. However, these trackers have
not been tested with younger cancer survivors.

Adding peer support features to technology-based exercise
interventions may enhance their effectiveness [42] and may be
appealing to younger cancer survivors [7,43,44]. A mixed
methods study of breast cancer survivors’preferences for social
support features within technology-supported, remotely
delivered physical activity interventions revealed that survivors
were highly interested in using technology-supported message
boards to post questions, give and receive feedback, and share
ideas with other survivors [42]. Similarly, survivors believed
that sharing their exercise on a progress board or within a private
community would help formalize goals, create a sense of
accountability, and facilitate an understanding of their
achievements relative to their peers [42]—behavioral
theory–supported behavior change techniques [31]. Previous
exercise intervention studies in young cancer survivors that
have included online forums through study websites [27,29] or
Facebook [28] have reported low engagement with the forums,
perhaps due to lack of moderation [27] or moderation by a
researcher [28,29]. Moderation of web- or app-based message
boards by other younger cancer survivors could further enhance
intervention effectiveness by increasing the likelihood that
participants will engage with theory-based strategies designed
to promote behavior change [42]. Further research is needed to
determine feasible and acceptable strategies for increasing
physical activity, and potential benefits for quality of life, among
the understudied population of younger breast cancer survivors.

Community-Academic Partnership
This project is a community-academic partnership between
University of California, San Diego (UC San Diego) and Haus
of Volta, a nonprofit organization based in Murrieta, California,
that works with younger breast cancer survivors to promote
positive body image and positive outlook on life after cancer.
Coauthor SN is the founder and Chief Executive Officer of Haus
of Volta, and SN and SJH are coprincipal investigators (PIs) of
this project. The overall goal of this community-academic
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partnership is to develop an intervention that has the potential
for dissemination and use by Haus of Volta. The project was
developed using a community-based participatory research
approach, which emphasizes the equal partnership and active
involvement of community members and researchers in all
aspects of the research process [45,46]. The initial research
questions were developed based on SN’s personal experience
with breast cancer and her outreach in the young survivor
community. The physical activity intervention being tested in
this pilot study is based on a 3-month theory- and
technology-based intervention that successfully increased
MVPA in older breast cancer survivors, delivered by a research
interventionist in an academic comprehensive cancer center
setting [47]. SN served as a primary resource in the design of
the pilot intervention. As part of the development of the grant
proposal, 5 members of the Haus of Volta Community Advisory
Board field-tested the pilot intervention components and worked
with the UC San Diego research team to make modifications
to meet the needs of young breast cancer survivors, thereby
enhancing the cultural sensitivity and relevance of the
intervention to this population. These modifications included
100% remote delivery and the addition of the Pink Body Spirit
Fitbit Community and the intervention toolbox (see the 3-Month
Physical Activity Intervention section). SN and the Haus of
Volta Community Advisory Board reviewed the quality of life
questionnaires (see the Measures section) to confirm that the
questions were worded in ways that would address the issues
and concerns young breast cancer survivors face. Any
modifications to methods over the course of the project will be
documented and collectively decided upon by Haus of Volta
and UC San Diego. Haus of Volta will contribute to the
interpretation and dissemination of the mixed methods findings.

Study Objectives
This study will conduct a single-arm, pre-post pilot trial of Pink
Body Spirit, a 3-month remotely delivered, peer-led physical
activity intervention, in 30 younger breast cancer survivors.
This community-academic partnership project has 3 aims: (1)
explore the feasibility and acceptability of the pilot study
methods using a parallel mixed methods approach
(postintervention quantitative surveys and qualitative
interviews), (2) assess the preliminary impact of the intervention
on physical activity and quality of life, and (3) use a
multimethod approach to explore the process of intervention
delivery and adaptations by peer mentors. The overall goal is
to develop an intervention that can be disseminated and used
by Haus of Volta. This protocol paper reports on the rationale,
methodology, and outcome measures of this ongoing
community-academic partnership project.

Methods

Study Design and Overview
Thirty younger breast cancer survivors (diagnosed when aged
under 50 years and currently aged under 55 years, completed
active treatment [ie, surgery, chemotherapy, and/or radiation],
and self-reporting <60 min of MVPA per week) will be enrolled
into a 3-month physical activity program, Pink Body Spirit. The
Pink Body Spirit program is based on an intervention that was
successful at increasing physical activity in older survivors
delivered by a research interventionist in an academic
comprehensive cancer center setting [40,47]. The Pink Body
Spirit program will use peer mentors, motivational interviewing,
and technology (Fitbit and Fitbit Community) to support
behavior change. Five younger breast cancer survivors
(diagnosed when aged under 50 years and currently aged under
55 years) have been trained as peer mentors to deliver the
program to fellow younger survivors. To help address common
barriers to exercise among young cancer survivors, the program
is fully remote [8,48]. Participants will complete 6 video chat
or phone sessions with their peer mentor biweekly and interact
with their peer mentor and other participants through a private
Fitbit Community at least weekly. To promote accountability,
participants will be informed that their peer mentor will be able
to see the physical activity data collected by the Fitbit. Between
scheduled sessions, peer mentors will use real-time Fitbit data
to identify participants in need of additional support to increase
their exercise. At baseline (T0), 3 months (postintervention;
T1), and 6 months (follow-up; T2), participants will complete
quality of life questionnaires, and MVPA will be measured
using the ActiGraph accelerometer. At T1 and T2, participants
will also complete quantitative satisfaction questionnaires and
qualitative interviews. Using a mixed methods approach (see
Mixed Methods Evaluation section), findings from quantitative
questionnaires and qualitative interviews will be triangulated
to explore feasibility, acceptability, and satisfaction with the
pilot study methods. Feasibility will be assessed through
recruitment and retention metrics and adherence to intervention
components (completion of intervention sessions, wearing the
Fitbit, and posting in the Fitbit Community). A multimethod
process evaluation will explore how the intervention was
delivered and adaptations needed or made by peer mentors.
Participants will be enrolled on a rolling basis, and intervention
process data collected throughout the study will be used
iteratively to provide feedback to peer mentors and adapt the
program to meet the needs of the target population. The UC
San Diego Institutional Review Board approved this study.
Figure 1 shows the study flow diagram.

Figure 1. Flow diagram of the Pink Body Spirit pilot study.
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Participants

Recruitment
Nationwide recruitment is being led by co-PI and younger breast
cancer survivor SN. Recruitment will primarily occur through
social media postings in groups tailored toward younger breast
cancer survivors across the United States, including the Young
Survival Coalition. Social media recruitment strategies have
proven successful in recruiting young cancer survivors into
research studies [49]. SN also gives presentations at many
community events throughout Southern California and will use
these community connections to support recruitment. Breast
cancer oncologists and patient navigators at UC San Diego
Moores Cancer Center have been asked to provide information
to any patients who appear to meet the study criteria.

Eligible women must meet the following inclusion criteria: (1)
breast cancer survivor diagnosed when aged between 18 and
49 years and currently aged between 18 and 54 years; (2)
completed active treatment (specifically surgery, chemotherapy,
and/or radiotherapy) at least six months before enrollment; (3)
sedentary, defined as self-reporting less than 60 min of MVPA
each week; (4) accessible by phone or video chat; and (5) have
a Fitbit-compatible cellphone, tablet, or laptop with internet.
Exclusion criteria include the following: (1) self-reported
medical condition that could make it potentially unsafe to be in
an unsupervised physical activity intervention as determined
by the Physical Activity Readiness Questionnaire or
self-reported peripheral neuropathy that interferes with
ambulation, (2) currently pregnant, (3) inability to commit to a
3-month intervention schedule, or (4) prisoner.

Phone Screening
Women will be directed from the recruitment methods to call
or email the study office to be phone screened for eligibility.
Screener questions will include date of diagnosis, date when
treatment was completed, self-reported activity, willingness to
comply with study procedures, and access to and comfort with
technology. The Physical Activity Readiness Questionnaire
(PAR-Q) will be used to assess the risk of complications
resulting from physical activity, including potential heart, joint,
or bone problems [50]. Women who endorse any of the PAR-Q
items will not be eligible for the trial. We will also ask about
self-reported neuropathy and lymphedema that could make it
difficult for a participant to exercise safely on their own. If
eligibility is unclear after phone screening, the study physician
(coauthor HIS) will review the data to determine if study
enrollment is appropriate.

Informed Consent
Interested and eligible women will be provided additional
information about the study and have any questions answered
by the research staff. Potential participants will then be emailed
a link to a web-based consent form through REDCap, a secure
research database hosted on UC San Diego servers.

Pink Body Spirit Peer Mentors
The Pink Body Spirit peer mentors are women who were
diagnosed with breast cancer when they were less than 50 years
old and have completed all active treatments for breast cancer

(ie, surgery, chemotherapy, and/or radiation). The peer mentors
were selected by co-PI SN and are being paid for their time by
the grant funding this project. Peer mentors were trained by
LSW and SJH in fall 2018 and spring 2019. All trainings were
recorded for future use. Trainings included the following:
Research Ethics, Privacy, and Data Safety; Exercising Safely
and Adverse Events; Intervention Protocol and Delivery; and
Motivational Interviewing (details provided below).

Research Ethics, Privacy, and Data Safety
All peer mentors completed the mandatory UC San Diego
Collaborative Institutional Training Initiative (CITI) and Health
Insurance Portability And Accountability (HIPAA) web-based
trainings. An additional web-based Zoom training led by LSW
applied key components covered in the CITI and HIPAA
trainings to issues that are specifically relevant to this study.

Exercising Safely and Adverse Events
This web-based Zoom training led by LSW and SJH focused
on exercising safely after breast cancer. Mock scenarios
specifically relevant to this project were reviewed as a group
to ensure that the mentors had gained the necessary knowledge
of American College of Sports Medicine recommendations for
cancer survivors [51] and how to help participants set safe and
appropriate exercise goals. They were also trained on the study
protocol to respond to and report adverse events. During
biweekly mentoring sessions, peer mentors will ask participants
if there have been any adverse events. Peer mentors were trained
to encourage participants to seek medical attention and stop
physical activity if necessary.

Intervention Protocol and Delivery
LSW worked with a peer mentor to create training videos of
mock video chat mentoring sessions. The videos were distributed
to all peer mentors along with a detailed script for the first
mentoring session and the follow-up sessions. Peer mentors
practiced the mentoring sessions with each other and individuals
unfamiliar with the study. Before gaining approval to mentor
study participants, peer mentors completed 2 mock sessions
with LSW over Zoom video chat to demonstrate proficiency of
the protocol content, logistics, and safety information. The
approval process also included the verification of proper tracking
of the mock sessions in the REDCap database.

Motivational Interviewing
Peer mentors were trained in motivational interviewing
techniques for communicating with others, effective in
supporting behavior change [52]. Motivational interviewing is
a collaborative, goal-oriented method of communication with
particular attention to the language of change. It is designed to
strengthen an individual’s motivation for and movement toward
a specific goal by eliciting and exploring the person’s own
arguments for change. Peer mentors completed a standardized,
publicly available, introductory course on motivational
interviewing (10 hours [53]). The web-based training course,
which could be completed anytime and anywhere, introduced
peer mentors to the general principles of motivational
interviewing (express empathy, develop discrepancy, roll with
resistance, and support self-efficacy) and provided an overview
of critical skills (open-ended questions, affirmations, reflective
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listening, and summaries). Following the web-based introductory
training, peer mentors completed a study-specific in-person
course on motivational interviewing led by co-PI and clinical
psychologist SJH (4 hours). The in-person training focused on
using motivational interviewing skills specifically to increase
physical activity within the study protocol. During this training,
peer mentors practiced mock visits with each other, and SJH
and LSW provided real-time feedback on their use of
motivational interviewing skills. Of note, the study team and 3
peer mentors based in Southern California elected to conduct
this training in person, but 2 peer mentors were trained entirely
remotely. The in-person training was recorded, and peer mentors
who were trained remotely practiced mock visits with each other
and LSW over Zoom video chat in preparation for final approval
by LSW.

3-Month Physical Activity Intervention (Pink Body
Spirit)

Technology Support Session and Peer Mentor Matching
The Pink Body Spirit intervention will begin after participants
have completed the T0 measures. Participants will be mailed a
Fitbit Charge 3 and will be matched with a peer mentor based
on mutual schedule availability. Participants will then complete
a brief technology support session via Zoom video conferencing
with research staff. During this 15-min session, research staff
will help participants set up their Fitbit and test the Zoom video
conferencing in preparation for the peer mentoring sessions.
Proactive technical support from research staff will allow peer
mentors to focus on goal setting and behavior change strategies.

Peer Mentoring Sessions
Participants will meet with their peer mentor 6 times over the
course of the 3-month intervention. After completing the

technology support session, participants will have an initial
45-min phone or video meeting (based on preference and
capability) with their peer mentor. Initial meeting topics will
include the following: (1) self-monitoring with the Fitbit; (2)
in-app, private Fitbit Community; (3) goal setting; and (4)
scheduling 5 biweekly follow-up sessions. The Pink Body Spirit
intervention is guided by Control Theory [54] and Social
Cognitive Theory [55]. Participants will learn how to
self-monitor their physical activity using the Fitbit (see Fitbit
details mentioned later; Figure 2). To promote self-efficacy,
women will be encouraged to set specific, step-wise goals
[39,47]. To increase self-efficacy and promote intention
formation, peer mentors will use motivational interviewing
techniques during the mentoring sessions. Participants will set
a starting goal and a specific action plan to meet that goal. Goal
setting will focus on safe and gradual increases in activity over
time to meet the American College of Sports Medicine’s [51]
and the American Cancer Society’s [56] guidelines for cancer
survivors of engaging in at least 150 min of MVPA per week.
To increase behavioral capability, peer mentors will teach
participants how to use the Fitbit to monitor heart rate to
determine moderate intensity and how to customize the display
of their Fitbit app such that active minutes are displayed as the
primary activity goal. A total of 5 follow-up video or phone
sessions (approximately 20 min) will be scheduled biweekly
over the 3-month program to check on progress, revise goals,
and provide support. To promote accountability, participants
will be informed that their peer mentor will be able to see the
activity data collected by the Fitbit. Fitbit data will support
performance feedback and goal review during biweekly
follow-up sessions. To promote social support, improve rapport,
and enhance continuity, participants will remain with their same
peer mentor for the entire 3-month program.

Figure 2. Visual depiction of how Fitbits will be used to support increasing physical activity in the Pink Body Spirit pilot study.
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Peer mentors will meet with LSW and SJH biweekly (1 hour)
over Zoom video conferencing to gain support in delivering the
intervention through discussion of how intervention sessions
are going, problem solving for difficult participants, and
practicing of skills. The use of the REDCap database, the Fitbit
Community, safety, and adverse events will also be discussed.
All intervention sessions will be video recorded. A random 50%
of initial goal-setting sessions and a random 20% sample of
follow-up sessions will be reviewed by the research staff.
Review of the session recordings will serve a dual purpose: (1)
to examine the use of motivational interviewing techniques and
the safety of session content, which will be used to support peer
mentors during biweekly supervision meetings, and (2) to
examine adaptations from the study protocol. LSW will provide
feedback to mentors based on the review of session recordings
and information from participant qualitative interviews that are
analyzed throughout the intervention using a rapid approach.

Fitbit and Associated Apps
Participants will receive a Fitbit Charge 3 (Fitbit, Inc.), an
accelerometer-based activity monitor that provides real-time
feedback on several activity-related metrics, including the
number of steps taken, minutes of MVPA, and continuous heart
rate tracking. The Fitbit was selected owing to its relatively low
cost and ubiquity in the consumer wearables marketplace and
in research studies. It is water resistant up to 50 m, has a battery
life of approximately 1 week, and has 15 exercise modes to set
goals and track statistics for activities as varied as swimming,
yoga, and strength training. The Fitbit wirelessly uploads to the
Fitbit website and smartphone app (Android, Apple, or
Windows) that provide graphical visualizations of daily activity
patterns. Participants will be instructed to wear their Fitbit daily
and sync the tracker with the mobile app at least once per week
so that their peer mentor can view their data in Fitabase (Small
Steps Lab). Fitabase is a password-protected, web-based
database program that collects physical activity and heart rate
data from the Fitbit cloud. Through Fitabase, peer mentors can
see graphs of daily light, moderate, and vigorous activity; date
of last Fitbit sync; and Fitbit battery level for each of their
mentees. Peer mentors will use the Fitbit data to support their
scheduled follow-up sessions by identifying days with low

activity where activity could be added and days with high
activity to reinforce what is working well. Peer mentors will
also be asked to check each of their participants’ Fitbit data
through the Fitabase website at least weekly. Peer mentors will
be trained to use Fitabase to identify general trends in activity
and provide feedback to participants through email, text, or
private Fitbit messages between biweekly mentoring sessions.
Peer mentors will be provided with sample messages and
encouraged to reach out to participants when (1) they decrease
activity or do not meet their weekly goal, (2) they exceed their
weekly goal, or (3) they have not worn or synced their Fitbit.
This method of proactively reaching out to participants between
scheduled sessions was highly successful and extremely liked
in our previous study. Figure 2 illustrates how Fitbits will be
used in the Pink Body Spirit intervention.

Fitbit Community

Participants will join a private Community group within the
Fitbit mobile app where they can communicate with each other,
see the activity Leaderboard (ie, activity levels of other
participants), and gain support from all peer mentors. The Fitbit
Community targets several theoretical constructs including
social support; rewards and recognition (by other participants
and mentors); and opportunities, barriers, and problem solving
(through collective sharing of challenges, solutions, and
resources). During the initial mentoring session, peer mentors
will demonstrate how to access and post in the Fitbit
Community. Step-by-step instructions for accessing and posting
in the Fitbit Community will also be included with the Fitbit
when mailed to participants. Participants will be asked to read
and post in the in-app, private Fitbit Community at least once
a week. To overcome the limitations of past studies in young
cancer survivors that observed low engagement with online
forums, the Fitbit Community will be moderated by peer
mentors. Peer mentors will provide support to all participants
through the Fitbit Community by checking it at least once a
week and responding or posting as appropriate. Peer mentors
will also reinforce participation in the Fitbit Community during
biweekly mentoring sessions. Figure 3 shows example Fitbit
Community posts.

Figure 3. Sample posts from the private, in-app Pink Body Spirit Fitbit Community (note: app screenshots have been redacted to maintain confidentiality).
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Toolbox
Peer mentors will be encouraged to individualize the
intervention through the use of a toolbox of exercise-related
strategies and materials to help participants overcome barriers
and achieve their unique exercise goals. Peer mentors will be
able to spend up to US $40 on each participant to provide them
with toolbox items such as fitness apps (free or paid), exercise
materials for home-based workouts (eg, resistance bands,
stability ball, or jump rope), and information about free workouts
or exercise groups. Peer mentors can offer toolbox resources
any time after the first session, and they must be linked with
the participant’s individual exercise goal and action plan.
Development of the toolbox was guided by the Haus of Volta
Community Advisory Board’s field testing. The flexible,
individualized toolbox approach has been a key component of
numerous successful lifestyle interventions [57,58].

Postintervention Follow-Up Period (Months 4 to 6)
The postintervention follow-up period in months 4 to 6 will
focus on exploring the extent to which participants continue to
engage with their mentors and different aspects of the Pink
Body Spirit program beyond the initial 3-month intervention.
There will be no scheduled contacts or video chat sessions with
peer mentors during the follow-up period, but participants will
still be encouraged to continue wearing and syncing their Fitbit
to track their activity and participate in the Pink Body Spirit
Fitbit Community. Peer mentors will be advised that they are
not expected to check activity data on Fitabase once a mentee
has entered the follow-up period. Although there are no planned
sessions, some contacts may still occur. If a peer mentor chooses
to communicate with a mentee during the follow-up period, it
will be tracked in the REDCap database (date of support, mode
[eg, email, Fitbit message, text, call, or Zoom video chat], and
general reason for support).

Measurement

Baseline Assessment (T0)
Participants will be emailed a link to a battery of web-based
questionnaires consisting of quality of life measures, theoretical
constructs for physical activity change, and self-reported muscle
strengthening, stretching, and flexibility exercises. Participants
will self-report demographics, general medical history,
menstrual and reproductive history, and cancer history.
Self-reported general medical history will include all current
conditions and medications prescribed by a health care provider
and dietary and nutritional supplements. Self-reported menstrual
and reproductive history will include any history of
hysterectomy and/or oopherectomy, age at first menstrual period,
last menstrual period, and/or reason(s) period has stopped.
Self-reported cancer history will include date of diagnosis, stage
at diagnosis, type of surgery, date of surgery, cancer treatments
(radiation, chemotherapy, and/or hormonal therapy, history and
current), infusions for human epidermal growth factor receptor
2-positive breast cancer (eg, Herceptin, history and current),
and lymphedema (history and current).

Once the questionnaires have been completed, participants will
be mailed an ActiGraph GT3X+ accelerometer, a device that
objectively measures activity, and instructed to wear it on the

hip for the next 7 days during waking hours (for at least 12
hours per day). Two compliance reminders will be placed over
the 7-day wear period. Once the ActiGraph has been worn for
7 days for at least 12 hours per day, participants will return it
to the study office using a prepaid envelope. Upon receipt,
ActiGraph data will be screened for sufficient wear time. If
participants have not worn the device for at least 10 hours over
5 days or 50 hours over 4 days, they will be mailed another
device and asked to rewear it. Participants will receive US $20
for completing the T0 measures. All T0 measures will be
completed, and sufficient wear time will be verified before being
matched with a peer mentor to begin the exercise program.

Postintervention Assessment (T1)
Three months after completing the first intervention session
with their peer mentor, participants will repeat the web-based
questionnaires completed at T0 and complete a 3-month
quantitative satisfaction questionnaire. They will again be mailed
an ActiGraph and asked to wear it for 7 days. The same wear
and mail-back instructions and compliance protocol described
above will be used. After returning the ActiGraph, participants
will complete a 3-month qualitative interview. Participants will
receive US $20 for completing the ActiGraph and questionnaire
and US $10 for the individual interview.

Follow-Up Assessment (T2)
Six months after completing the first intervention session with
their peer mentor, participants will repeat the web-based
questionnaires completed at T0 and complete a 6-month
quantitative satisfaction questionnaire. They will again be mailed
an ActiGraph and asked to wear it for 7 days. The same wear
and mail-back instructions and compliance protocol described
above will be used. After returning the ActiGraph, participants
will complete a 6-month qualitative interview. Participants will
receive US $20 for completing the ActiGraph and questionnaire
and US $10 for the individual interview.

Measures and Outcomes

Feasibility and Acceptability

Recruitment and Retention

We will report recruitment and retention using a Consolidated
Standards of Reporting Trials diagram. We will track those who
contact the study office via phone or email. Specifically, we
will track the number of women who contact the study office,
referral source for each (eg, social media, community event,
UC San Diego patient navigator), number of women phone
screened, number of eligible participants, and number of
participants enrolled in the study. We will compare the yield
from different recruitment approaches and assess if any
eligibility criteria have excluded a disproportionate number of
otherwise eligible women.

Adherence

Adherence to the intervention will utilize several metrics:
completion of intervention sessions, wearing the Fitbit, and
posting in the Fitbit Community. Adherent will be defined as
completing 2 out of 3 of the following activities: completing
>75% of the sessions, wearing the Fitbit on >75% of the days,
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or posting in the Fitbit Community at least once per week for
>75% of the weeks.

Mixed Methods Evaluation
A parallel mixed methods approach will be used to explore the
feasibility, acceptability, and satisfaction of the Pink Body Spirit
intervention from the participants’ perspectives. Quantitative
satisfaction questionnaires will be used to gain breadth of
understanding, and qualitative interviews will add depth of
understanding [59].

Quantitative Satisfaction Questionnaire (Postintervention
and Follow-Up)

Questionnaires will build off questions used to evaluate the
previous intervention in older breast cancer survivors upon
which the Pink Body Spirit program is based [41]. Topics will
include overall ratings of the program, the extent to which the
program provided motivation to start and continue exercising,
and the likelihood of recommending the program to other
younger survivors. A series of items using Likert-scale response
options will assess self-reported frequency of use, satisfaction
with, and helpfulness of each intervention component.
Participants will be asked to rate different features of the Fitbit
tracker, the Fitbit app, and the Fitbit Community. There will be
a did not use option for each feature assessed. Participants will
also be asked to rate their satisfaction with the number, length,
and content of peer mentoring sessions as well as the Zoom
video conferencing format. Open-ended questions will ask
participants to describe their favorite and least favorite aspects
of the program and provide suggestions for how to improve
Pink Body Spirit. Additional topics for the T2 questionnaire
will include continued use of intervention components, including
the Fitbit, Fitbit Community, and toolbox items, after the
3-month intervention has formally concluded; the extent to
which participants continue to communicate with peer mentors;
and participants’ interest in being trained to serve as a peer
mentor in a future study or program. To assess general attitudes
toward Pink Body Spirit, we will use items from 2 validated,
Likert-type measures of feasibility and acceptability [60].
Questionnaires will be piloted internally with the research and
peer mentor teams before use.

Qualitative Interviews

At T1 and T2, individual, semistructured interviews will be
conducted via Zoom video conferencing. Each interview will
last approximately 45 min. Interviews will be video recorded
and uploaded to the UC San Diego server. Interviews will
explore topics such as overall perceptions of the intervention
and specific components (eg, peer mentors and Fitbit), barriers
and facilitators to behavior change, perceived health benefits
(particularly in the targeted domains of body image, sexual
functioning, and fatigue), the remote delivery format, and ways
to improve the Pink Body Spirit program for other young breast
cancer survivors. Semistructured interviews are proposed to
keep the interview prioritized and targeted, but also allow for
the flexibility to use additional probes to clarify responses and
add depth to participants’ answers. Interview questions will be
asked in a flexible order, and wording may be adapted to
maximize each participant’s understanding. The interview guide
will be piloted internally with the research team and with

younger breast cancer survivors not involved in the study before
administration. For consistency, LSW will conduct all interviews
with the participants.

Physical Activity

ActiGraph GT3X+

The ActiGraph GT3X+ (ActiGraph, LLC) will be used to
measure changes in minutes of MVPA from T0 to T1 and T1
to T2. This is the gold standard measure of free-living physical
activity that provides blinded data collection. For 7 days around
each measurement time point, participants will wear the
ActiGraph GT3X+, a research grade, hip-worn accelerometer
that measures movement and intensity of activity and that has
been validated against heart rate telemetry and total energy
expenditure. Physical activity data are not shown to the wearer.
The GT3X+ provides second-by-second estimates of activity
that can be categorized into minutes spent in sedentary, light,
moderate, and vigorous activity using calibration thresholds.
Sufficient wear time will be defined as 5 days with ≥600 min
of wear time or 3000 min (50 hours) across 4 days. Time spent
in sedentary behavior and light, moderate, and vigorous activity
will be derived using Freedson cut-points [61].

Fitbit Charge 3

Data from the Fitbit Charge 3 will be used to calculate daily
adherence to wearing the Fitbit throughout the intervention and
to support peer mentoring. Participants will be asked to wear
the Fitbit for as many hours per day as possible. Fitbit data will
be wirelessly uploaded to the user’s personal Fitbit account and
downloaded by our research team through Fitabase (Small Steps
Labs), a web-based database program that collects physical
activity and heart rate from the Fitbit cloud. Fitabase allows
each participant’s Fitbit data to be batch downloaded at the
1-min level. Fitbit uses a proprietary algorithm to classify each
minute as sedentary, light, moderate, or vigorous activity.
Nonwear time will be determined based on the lack of heart
rate or activity (steps or intensity) at any given minute [62].
Daily adherence to wearing the Fitbit will be defined as >5 min
of wear [62]. A 5 min threshold for a valid Fitbit wear day will
be used to avoid recording days where the Fitbit had simply
been picked up and moved from one place to another, while
simultaneously avoiding excluding days where the participant
had purposefully worn the Fitbit. Fitbit data will not be used to
measure changes in physical activity as participants cannot be
blinded to the data collected.

Quality of Life

Body Image

Body image will be measured using the Body Image Scale (BIS),
a 10-item scale developed for cancer survivors that measures
perceptions of body disturbance related to cancer and its
treatment [63]. Each item is rated on a 4-point Likert scale
ranging from 1 (not at all) to 4 (very much). Higher scores
indicate poorer body image. The BIS has shown high reliability
(Cronbach α=.93), good clinical validity, and sensitivity to
changes in psychosocial and physical activity interventions in
older breast cancer survivors [63,64].
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Sexual Function

Sexual function will be assessed using the Female Sexual
Function Index (FSFI). The FSFI comprises 19 items assessing
6 domains of sexual functioning over the past 4 weeks: desire
(2 items), arousal (4 items), lubrication (4 items), orgasm (3
items), satisfaction (3 items), and pain (3 items) [65]. The FSFI
has been shown to be highly acceptable to breast cancer
survivors and has good internal consistency (Cronbach
α=.83-.96); test-retest reliability (r=0.74-0.86); and convergent,
divergent, and discriminant validity [66]. The FSFI has been
responsive to change in exercise intervention trials [67,68].

Fatigue

Fatigue will be assessed through the Patient-Reported Outcomes
Measurement Information System Cancer Fatigue v1.0 measure
[69]. The computer adaptive testing form will be used;
participants will only complete 4-10 items out of the entire
question bank. Higher scores indicate higher levels of fatigue.
This instrument has shown responsiveness to change over time
in prospective [69,70] and intervention [71] studies in cancer
survivors.

Process Evaluation of Peer Mentor Adaptations and
Delivery
A multimethod approach will be used to explore the process of
intervention delivery and adaptations made by peer mentors.
These data will help us describe and understand barriers and
facilitators to delivery, identify delivery strategies for use in a
future study, and refine how to use delivery methods being
tested in this study to maximize the potential for success in
future studies. Data collection will occur during and after
intervention delivery, and data from all sources will be used
iteratively to improve intervention delivery by peer mentors.
The data sources for this evaluation will include the following:

1. Peer mentor session feedback: After each mentoring session,
peer mentors will electronically record their confidence and
preparedness for delivering the session in REDCap.
Questions were developed in partnership with a peer mentor
and have been pilot tested and refined with the other peer
mentors during mock training sessions. Questions will ask
about the extent to which peer mentors used motivational
interviewing skills during their session; the helpfulness of
the motivational interviewing training in preparing them
for the session; their confidence during the session; and
general notes and reflections about the session, including
any explicit adaptations made.

2. Zoom peer mentoring sessions will be recorded by peer
mentors and uploaded to the UC San Diego server. As
described above, a random 50% of initial goal-setting
sessions and a random 20% sample of the follow-up
sessions will be reviewed by LSW to support peer mentor
supervision and safety and appropriateness of exercise goals
set. A template will be used to guide the exploration of
adaptations from the protocol, barriers and facilitators to
intervention delivery, and other aspects of the intervention
process.

3. LSW will write monthly reflections to document adaptations
and process outcomes. Templated reflections will be based
on discussions and interactions with multiple stakeholders

(peer mentors, research team, and any informal feedback
from participants). The reflections will help document key
activities, events, and changes occurring over the course of
the study.

Statistical Analysis

Feasibility and Acceptability
We will explore how adherence varies between the 3 measures
(completion of intervention sessions, wearing the Fitbit, and
posting in the Fitbit Community) using descriptive statistics.

Postintervention and Follow-Up Quantitative Satisfaction
Questionnaires

Descriptive statistics will be used to analyze the questionnaire
responses. Responses will be reported as percentages or as mean
(SD) as applicable. Open-ended responses will be coded using
a standardized process. All open-ended questions and responses
will be reviewed by 2 team members. Each response will be
assigned at least one code, and codes will be nested into
categories. Multiple coders and team consensus will be used to
enhance the validity of the coding process and ensure that
responses are accurately sorted into representative codes and
categories.

Postintervention and Follow-Up Qualitative Interviews

Individual interviews will be video recorded and transcribed.
A rapid assessment approach will be used to analyze qualitative
interviews. The rapid assessment process is defined as
“intensive, team-based, qualitative inquiry using triangulation,
iterative data analysis, and additional data collection to quickly
develop a preliminary understanding of a situation from the
insider’s perspective” [72]. This method will allow us to feed
data from participants back into the ongoing study to improve
it. Data that could be fed back may include ways in which peer
mentors could be more effective, tools that could be added to
the toolbox, and barriers and facilitators that can be feasibly
addressed to improve the intervention for other participants. In
addition, the project timeline is relatively condensed, so a rapid
approach, whereby qualitative analyses are conducted over the
course of the intervention, may be more feasible than conducting
all qualitative analyses after data collection has ended. Although
traditional, in-depth qualitative analyses may be more
constructivist, exploratory, and inductive, rapid analysis takes
a more positivist approach that is explanatory and deductively
oriented [73]. Coding will occur on a monthly basis. A
team-based approach will be used to maximize the dependability
and validity of the analyses and preliminary findings. As this
is a minimally interpretive approach, individuals with limited
qualitative training can participate [73]. The project will employ
the five rapid analysis steps outlined by Dr Alison Hamilton
[73].

Mixed Methods Interpretation

The quantitative surveys and qualitative interviews will be
analyzed, and results will be reported separately. We will
triangulate the quantitative and qualitative results to explore
feasibility, acceptability, and satisfaction with the pilot study
methods. The 2 sets of results (QUAN + QUAL) will be
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synthesized in the interpretation. The co-PI SN and Haus of
Volta will contribute to interpretation.

Preliminary Intervention Impacts on Physical Activity
and Quality of Life
Descriptive statistics (mean [SD] and n [%] where applicable)
will be calculated for each variable of interest at T0, T1, and
T2. Separate paired t tests will assess changes in each variable
of interest from T0 to T1 and T1 to T2. The level of significance
will be set at α=.05. From the means and SDs, Cohen d will be
calculated to determine the effect size. These data will allow us
to estimate the sample size needed to detect clinically significant
intervention effects at an α of .05 and power of 0.80, should
the program be tested in a larger efficacy trial.

Multimethod Process Evaluation of Intervention Delivery
and Peer Mentor Adaptations
All findings will be triangulated to deepen our exploration of
the intervention delivery process and adaptations made by peer
mentors throughout the study. Peer mentor field notes will be
downloaded from REDCap and reviewed by LSW. She will
record memos throughout her review and will prepare a separate
summary of the field notes for each of the 5 peer mentors. At
the end of the study, the 5 summaries will be synthesized in a
single narrative summary. LSW will follow up with peer
mentors directly if any of the field notes require further
clarification. Video recordings of sessions will be reviewed
using a template checklist of predetermined variables. Data
from each category of the template (eg, adaptations, barriers to
intervention delivery, and facilitators to intervention delivery)
will be transferred to a matrix. At the end of the study, LSW
will develop a narrative summary for each category. Templated
reflections will also be synthesized in a narrative summary at
the end of the project.

Results

Recruitment began in September 2019. As of February 2020,
the physical activity intervention is ongoing. Final measures
are expected to occur in summer 2020, with mixed methods
data analysis and results available in winter 2021.

Discussion

Overview
This project leverages the complementary community-academic
research expertise of Haus of Volta and UC San Diego to
develop and deliver a novel intervention. Using a
community-based participatory research approach, the UC San
Diego research team worked closely with SN and Haus of Volta
to adapt an evidence-based physical activity program to meet
the needs of younger breast cancer survivors. This study will
uniquely assess the potential for physical activity to improve
body image and sexual function, key issues for younger breast
cancer survivors that contribute to poor quality of life. Remote
delivery using commercially available technology increases the
potential for sustainability and dissemination.

Limitations
Study limitations will be addressed whenever possible. One
potential limitation is peer mentor drop out or turn over. Peer
mentor selection, hiring, and caseloads will be determined by
SN. If a peer mentor needs to discontinue mentoring before the
end of the study, we will attempt to learn about their experience
serving as a peer mentor. Valuable information will still be
gained about the feasibility and acceptability of the program.
Moreover, the small sample size may limit the generalizability
of the findings, and the small group of younger women who
choose to participate in this trial may not be representative of
all younger breast cancer survivors. However, we will make the
best use of our small study sample by using multiple qualitative
and quantitative methods to take an in-depth look at the
feasibility and acceptability of the Pink Body Spirit intervention
and adaptations made by mentors in delivering the program.
Exploring feasibility and acceptability using a mixed methods
approach will help examine different facets of the intervention
experience and provide a more complete picture of participants’
perspectives. In addition, using mixed methods will provide
greater assurance about the validity of the research questions
and the amount of data collected to answer these questions.

Future Directions
There are several potential future directions after the completion
of this pilot trial. If the intervention shows preliminary benefit
for physical activity and/or quality of life, the investigators may
choose to test the program in an adequately powered efficacy
trial based on effect sizes from this pilot study. Alternatively,
the detailed process evaluation of program delivery and
adaptations made by the peer mentors could inform a future
hybrid-effectiveness implementation trial. A hybrid trial would
facilitate a formal evaluation of the implementation process.
Another possible outcome is that Haus of Volta will bring the
Pink Body Spirit program directly into the community. Through
this project, we aim to increase the skills of younger breast
cancer survivors so that they can better support each other in
making healthy lifestyle choices and improving well-being, in
line with Haus of Volta’s mission to promote positive self-image
and health in younger breast cancer survivors. We elected to
use a publicly available web-based training program for the
majority of the motivational interviewing skills training and
recorded the in-person training to support fully remote training
of 2 peer mentors. The length of the training was not a barrier
to engaging peer mentors and supported the development of
introductory-level skills. Furthermore, all study-specific
web-based Zoom trainings (eg, research ethics, exercising safely
after breast cancer, and supporting safe exercise goal setting)
were recorded for future use. The extensive peer mentor
trainings have provided leadership skills to the peer mentors
not only to deliver the intervention as part of this research study
but also to continue serving as advisers to younger breast cancer
survivors in various capacities after the study ends. Engaging
Haus of Volta in interpretation of the results will enhance
self-efficacy for conducting research and understanding and
disseminating results. Part of the goal of reviewing and
interpreting the results as a community-research partnership is
to develop ways to empower and support the younger breast
cancer survivor community to continue the physical activity
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program and peer mentoring in an ongoing manner. Haus of
Volta could use pilot findings to apply for more funding to
sustain the program. Pilot study results will be summarized in
lay language for use by Haus of Volta and partnering
organizations and for dissemination in survivor-centered
settings, further increasing the impact and outreach in the
younger breast cancer survivor community.

Conclusions
The proposed study represents a novel contribution to the
literature by providing rich information on ways to promote

increasing physical activity and potential benefits to quality of
life for younger breast cancer survivors. This project benefits
from the combined knowledge of the community regarding the
challenges faced by young breast cancer survivors and the
research team’s expertise in conducting physical activity
interventions and mixed methods evaluations. As smartphone
ownership is reported by the majority of Americans and is
increasing across all race/ethnicity, income, and age groups
[74], this technology-supported, peer-delivered intervention has
the potential for broad reach in geographically diverse, younger
breast cancer survivors.
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Abstract

Background: Despite the importance and popularity of mutual support groups, there have been no systematic attempts to
implement and evaluate routine outcome monitoring (ROM) in these settings. Unlike other mutual support groups for addiction,
trained facilitators lead all Self-Management and Recovery Training (SMART Recovery) groups, thereby providing an opportunity
to implement ROM as a routine component of SMART Recovery groups.

Objective: This study protocol aims to describe a stage 1 pilot study designed to explore the feasibility and acceptability of a
novel, purpose-built mobile health (mHealth) ROM and feedback app (Smart Track) in SMART Recovery groups coordinated
by SMART Recovery Australia (SRAU) The secondary objectives are to describe Smart Track usage patterns, explore psychometric
properties of the ROM items (ie, internal reliability and convergent and divergent validity), and provide preliminary evidence
for participant reported outcomes (such as alcohol and other drug use, self-reported recovery, and mental health).

Methods: Participants (n=100) from the SMART Recovery groups across New South Wales, Australia, will be recruited to a
nonrandomized, prospective, single-arm trial of the Smart Track app. There are 4 modes of data collection: (1) ROM data collected
from group participants via the Smart Track app, (2) data analytics summarizing user interactions with Smart Track, (3) quantitative
interview and survey data of group participants (baseline, 2-week follow-up, and 2-month follow-up), and (4) qualitative interviews
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with group participants (n=20) and facilitators (n=10). Feasibility and acceptability (primary objectives) will be analyzed using
descriptive statistics, a cost analysis, and a qualitative evaluation.

Results: At the time of submission, 13 sites (25 groups per week) had agreed to be involved. Funding was awarded on August
14, 2017, and ethics approval was granted on April 26, 2018 (HREC/18/WGONG/34; 2018/099). Enrollment is due to commence
in July 2019. Data collection is due to be finalized in October 2019.

Conclusions: To the best of our knowledge, this study is the first to use ROM and tailored feedback within a mutual support
group setting for addictive behaviors. Our study design will provide an opportunity to identify the acceptability of a novel mHealth
ROM and feedback app within this setting and provide detailed information on what factors promote or hinder ROM usage within
this context. This project aims to offer a new tool, should Smart Track prove feasible and acceptable, that service providers, policy
makers, and researchers could use in the future to understand the impact of SMART Recovery groups.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR): ACTRN12619000686101;
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=377336.

International Registered Report Identifier (IRRID): PRR1-10.2196/15113

(JMIR Res Protoc 2020;9(7):e15113)   doi:10.2196/15113

KEYWORDS

SMART Recovery; mutual support group; mutual aid; routine outcome monitoring; treatment progress feedback; mHealth;
addiction; mobile phone

Introduction

Background
Using standardized outcome measures to regularly monitor
client progress in alcohol and other drug (AOD) settings is an
important mechanism for monitoring the effectiveness of service
provision [1-3]. Routine outcome monitoring (ROM) provides
clinicians with timely feedback about client progress and allows
clinicians to tailor treatment to the individual needs of clients
and guide treatment decisions [4]. This may be of particular
importance when a client is not on track (ie, not improving in
line with clinical norms [4]). ROM has been specifically
recommended for use in AOD treatment settings as the provision
of tailored feedback to clients has been found to improve
treatment outcomes across a range of AOD treatment settings
(eg, acute, community, veterans) [3,5,6]. Evidence also supports
clinician use of ROM and tailored feedback to enhance outcomes
and/or prevent further deterioration for those clients identified
as not on track early in addiction and/or mental health treatment
[7,8].

Despite the importance of ROM and tailored feedback, ongoing
variability in the implementation, sustainability, and use of
ROM data has been noted [9]. The time associated with the
completion, scoring, interpretation, and feedback of outcome
assessments represents a key barrier to systematic
implementation [6,9]. Using a digital platform to administer
ROM and feedback may help address these concerns. Mobile
health (mHealth) [10] apps can provide quick, easy, interactive,
and engaging platforms for tracking and accessing information
about health and health-related behaviors [11]. Evidence from
the United Kingdom suggests that almost 60% of individuals
who access AOD treatment own a smartphone [12]. This figure
is likely higher in Australia as it is the leading global adopter
of smartphones (88% ownership [13]). Given the ubiquity of
smartphones, smartphone apps have the added benefit of
engaging individuals in real time, in their natural environment,
and offering moment-to-moment support as needed [14].

Moreover, a key benefit highlighted in a recent systematic
review of mHealth apps is their ability to provide timely,
individualized feedback [15]. Accordingly, an opportunity exists
to utilize mHealth to enhance engagement, streamline
administration, and put the client at the center of the ROM and
feedback process.

To date, much of the literature on ROM and feedback has
focused on the provision and use of feedback by clinicians
[16,17]. Improving client involvement in the feedback process
represents an important clinical and research priority [18]. It is
not only consistent with the principles of recovery-oriented
service provision and strengths-based care [19] but is also
therapeutically useful. Within mental health settings, the benefits
of providing clients with outcome feedback include improved
client insight; enhanced knowledge, skill, and confidence to
effectively self-manage their condition(s); and greater
satisfaction, engagement, and involvement in treatment [16].
Evidence from related approaches (eg, therapeutic assessment
[20]) has also shown that providing clients with assessment
feedback during psychotherapy promotes client self-verification,
self-discovery, and self-enhancement [18]. Moreover, delivering
feedback directly to the client seems to further enhance the
positive impact of ROM on treatment outcome(s), particularly
among group-based treatment settings [6]. Therefore, to meet
this important need of putting the client at the center of the
ROM and feedback process, during the first phase of this study,
we developed a purpose-built mHealth app.

Mutual Support Groups
Mutual support refers to the reciprocal provision of social,
emotional, and informational support by group members
undergoing recovery from addiction [21]. Mutual support groups
are widely available [22], commonly accessed [23], and play
an extremely important role in the treatment of AOD use
disorders [2,24]. Two approaches recommended by clinical
guidelines include 12-step models (eg, Alcoholics Anonymous)
and Self-Management and Recovery Training (SMART Recovery
[2,24]). Although the 12-step models are traditionally the most
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well-known and accessed models for mutual support [22], other
approaches (eg, SMART Recovery) are gaining momentum.
For example, SMART Recovery Australia has seen an almost
40% increase in groups over the last 4 years, with over 300
groups currently running nationwide [25]. Although
accumulating evidence points to the benefit of participating in
mutual support groups [26,27], much of the research is derived
from the 12-step models. In light of the growth of SMART
Recovery groups, expanding the evidence base beyond the
12-step models is a priority. A major limitation in developing
a strong evidence base is the lack of outcome data evaluating
service delivery. Accordingly, the purpose-built mHealth app
developed during the first phase of the study provides a
mechanism for not only improving service provision but also
providing unique insights into the outcome(s) demonstrated by
SMART Recovery participants.

Although many AOD services provided by public health and
nongovernment organizations are contracted to monitor client
outcomes routinely [28], we are unaware of any research
describing the use of ROM in mutual support groups for
addictive behaviors. As a trained facilitator leads all SMART
Recovery groups, a unique opportunity exists to work with
SMART Recovery facilitators to embed ROM and tailored
feedback as a standard component of the groups. Investigating
the use of ROM and feedback within a mutual support setting
helps address the need for improved participant involvement in
the assessment and feedback process [18], in addition to building
a platform for improving the evidence base for SMART
Recovery, a clinical and research priority [27].

This Study
In this paper, we detail the study protocol for a nonrandomized,
prospective, single-arm pilot study, with a concurrent cost
evaluation and nested qualitative evaluation designed to explore
the feasibility and acceptability of a novel mHealth ROM and
feedback app (Smart Track) in SMART Recovery groups
coordinated by SRAU. The secondary objectives are to describe
Smart Track usage patterns, psychometric properties of the
ROM items, and participant-reported outcomes.

Methods

Approval, Registration, and Reporting
This study was approved by the University of Wollongong and
Illawarra Shoalhaven Local Health District (ISLHD) Health
and Medical Human Research Ethics Committee (HREC;
2018/099; HREC/18/WGONG/34). The trial has been registered
with the Australian New Zealand Clinical Trials Registry
(ACTRN12619000686101). Any amendments will be submitted
to the ISLHD HREC before implementation, as per HREC
guidelines. Any important protocol modifications will be
reported in the outcomes paper. To enhance the quality,
completeness, and transparency of the proposed study, this study
protocol follows the Standard Protocol Items: Recommendations
for Interventional Trials [29] and the Consolidated Standards
of Reporting Trials-eHealth checklist [30] (Multimedia
Appendix 1).

Participants

Eligibility
Participants must be at least 18 years of age, currently
participating in one or more SMART Recovery groups located
within New South Wales (NSW), have a current email address
or be willing to obtain an email address, and be able to
comprehend English at a level sufficient to complete study
requirements.

Participants will be eligible irrespective of their self-reported
computer and/or smartphone literacy. No restrictions will be
placed on concomitant care, including the frequency or duration
of SMART Recovery group participation or participation in
other forms of AOD treatment. Participants will only be
excluded if they are unable or unwilling to provide informed
consent. Exclusion criteria were kept to a minimum to ensure
that the study sample is representative of people attending
SMART Recovery groups.

Smartphone Ownership
Although we expect that most participants will own a
smartphone [12,13], potential participants do not need to own
a smartphone to participate. The research team will provide
tablets to study sites (locations where regular SMART Recovery
groups are held) so that participants can use the tablet before
and/or after attending a group to complete the ROM questions
and receive feedback.

Study Setting
Potential participants will be sourced from the SMART
Recovery groups held in NSW, Australia. A full list of study
sites will be reported in the outcomes paper. SMART Recovery
groups are held in the community as well as in inpatient,
outpatient, and clinical health organizations, including private,
public, and not-for-profit mental health, AOD, and general
health services. Online SMART Recovery groups are also
available. A detailed description of the SMART Recovery
groups has been provided elsewhere [31]. Briefly, SMART
Recovery focuses on self-empowerment and utilizes
evidence-based techniques (eg, cognitive behavioral therapy
and motivational interviewing) [32]. To ensure that our sample
adequately reflects SMART Recovery participants, study sites
with established SMART Recovery groups were selected to
reflect a range of geographical locations and service providers.
At the time of manuscript submission, 147 groups were
conducted throughout the NSW.

Enrollment
Group facilitators will use a script to introduce the study to
potential participants and invite expressions of interest. The
following strategies will be adopted to maximize adequate
enrollment. Group facilitators will be asked to check in with
participants regarding the completion and/or return of expression
of interest forms (across a maximum of 3 meetings). A member
of the research team will also visit SMART Recovery groups
throughout the recruitment period to directly provide group
members with information about the study and collect the
expression of interest forms. Depending on accrual, the study
may also be advertised (eg, online, local media,
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flyers/pamphlets, and study website) to extend participant
recruitment beyond this study’s sites.

Informed Consent
A member of the research team (AKB) will collect informed
consent from all study participants (written or verbal according
to the participant’s preference). A copy of consent (audio
recording and/or signed consent form) will be retained for all
study participants and securely stored according to the
HREC–approved methods.

Overview of the mHealth Routine Outcome Monitoring
and Feedback App (Smart Track)
The Smart Track app was designed for participants attending
SMART Recovery groups. ROM items are intended for weekly
completion. However, it is up to the individual to decide
whether, when, and how they engage with Smart Track. Given
the low-risk, low-burden nature of this study, there are no
contingencies for discontinuing access to the Smart Track app.
Owing to app store regulations, Smart Track will not be
restricted to study participants. It will be freely available for
download through Android and iPhone Operating System stores
(only data from those who provide consent will be included in
the study).

Publications detailing the methods and findings from the
qualitative work [33] and app development process (including
theoretical foundations) will be reported separately. To provide
context, a brief summary is presented here. The Smart Track
app was developed during the first phase of this study using
participatory design workshops and an iterative development
process informed by the (1) consideration of existing ROM
tools, (2) qualitative feedback [33] and usability testing sessions
with SMART Recovery participants and facilitators, (3) clinical
and research expertise from the members of the expert advisory
and steering committees, and (4) technological and creative
expertise of the development team employed to work on this
study (GHO, Sydney) [34].

The functionality of Smart Track was initially tested with 3
members of the research team. Several bugs were identified and
fixed before the amended beta version was released to a
convenience sample (n=40) for further testing. This convenience
sample of beta testers included members of the expert advisory
committee, steering committee, SMART Recovery board
members, and SMART Recovery facilitators. Further
refinements were made in line with the feedback received (bug
fixes, minor amendments to functionality, and content).

Smart Track Routine Outcome Monitoring Domains
and Items
Consistent with clinical guidelines [3,35] and informed by
recommendations arising from systematic reviews evaluating
ROM in both mental health [18] and addiction [6] settings, we
sought to create a tool that provided multidimensional
assessment and feedback. Utilizing an iterative process, we
generated a list of candidate outcomes (group attendance; goal

setting and attainment; values; self-efficacy; quality of life;
self-care; mental health; quantity, frequency, and impact of
addictive behavior(s); social support; financial stability;
optimism; and frequency, strength, and duration of urges).
Corresponding assessment items and/or instruments were then
identified to measure these domains. Where possible, validated
free-to-access measurement instruments were selected from the
published literature. Some changes to the structure, wording,
and/or response format were required to improve the clarity and
appropriateness of some items. The final item set included in
the tool is detailed in Multimedia Appendix 2 [36-47] as a
function of the target domain and assessment frequency.

Smart Track Tailored Feedback
The same iterative process was used to inform the content,
format, and frequency of the Smart Track feedback. On the
basis of the participants’ responses to individual ROM items
and/or subscale scores, tailored visual cues (eg, colors and
arrows) are used to provide a snapshot of progress within each
domain (eg, current score range and/or direction of progress).
Participants can also select one or more domains to receive
further detailed feedback (written and visual).

The written feedback comprises encouraging statements,
self-reflection questions, and/or self-management suggestions.
As health messages are more effective when they are tailored
to the individual [48] and tailored feedback is central to both
popularity [49] and effectiveness [14] of mHealth apps for
alcohol use, written feedback and visual cues are tailored. Visual
feedback comprises a graph illustrating the participant’s progress
over time (with the option of viewing data for the week, month,
and year). Guided by the literature highlighting the utility of
providing feedback according to the level of observed progress
(eg, on-track or off-track [16]) and informed by previous
stop-light–style ROM feedback systems (see the study by
Kendrick et al [7] for a review), written feedback and visual
cues are tailored according to three pathways, based on whether
individual domain scores suggest (1) a good score range or
improvement (green), (2) an ok score range or stability (yellow),
or (3) a less good score range or deterioration (red). The chosen
logic allows feedback content and visual cues to be tailored
such that all progress is encouraged and reinforced, with a
specific focus on (1) maintaining change (green), (2)
highlighting additional change(s) that may be of benefit
(yellow), or (3) troubleshooting difficulties and/or seeking
support (red).

Additional Features of Smart Track
Inconsistent engagement (client and/or clinician) has long been
identified as a challenge to both ROM and feedback [50] and,
more broadly, the mHealth literature [51]. Therefore, in addition
to the core ROM and feedback functionality, several additional
features (Table 1) have been included. Aside from the hints,
tips, and motivational statements (which automatically feature
once per day that the app is used), it is up to the individual as
to how frequently they access various features.
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Table 1. Additional Smart Track features.

DescriptionFeature

Participants have the option of tailoring the app content by uploading key contact number(s), support services
and/or personal motivation(s) for change (photo, audio, video, and/or written)

Customizable support(s) and per-
sonal motivation(s)

Information about self-management strategies (including SMARTa Recovery resources) and motivational stories
from people with lived experience of addictive behavior(s)

Resources

A self-management tip, motivational statement, or inspirational quote will be included as pop-up content. These
brief messages comprise direct and adapted quotes from the transcripts of the qualitative interviews

Hints, tips, and motivational state-
ments

There is a free text box on each feedback page to allow participants to reflect on their progress and/or the tailored
feedback provided

Journal

In addition to tracking the number, frequency, and strength of urges, when the participant reports an urge, this
interactive tool prompts the participants to manage their urges, log triggers, and reflect on how to maintain and/or
improve effective urge self-management

Interactive urge log

aSMART: Self-Management and Recovery Training.

Implementation Strategies
The app contains an in-built walk through to orient new users
to the features of the app. We also intend to develop a brief
tutorial to assist participants with app download and set up.
Consistent with the recommendations for improving ROM
uptake [9], SMART Recovery facilitators at each study site will
assume the role of local champions of Smart Track. The research
team will work with the facilitators to orient them to the app so
that they are confident in responding to the participants’
questions about ROM completion and troubleshooting any
difficulties that may arise. Participants and facilitators may also
contact the research team directly for support. SMART Recovery
facilitators will also prompt, encourage, and support study
participants to regularly complete the ROM questions before
and/or attending a SMART Recovery group.

In-app push notifications will also be used to prompt participants
to complete the ROM items. In-app notifications (red marker)
will also be used to highlight section(s) that require participants’
attention (eg, outstanding 7-day plan).

Data Collection Procedures
The participant timeline is outlined in Figure 1, and the
corresponding schedule of participant assessments is
summarized in Table 2. There are 4 main modes of data
collection in this study: (1) participant-completed ROM data
collected via Smart Track (Multimedia Appendix 1), (2) broader
app-generated data analytics summarizing interactions with
Smart Track, (3) quantitative baseline and follow-up assessments
with study participants, and (4) qualitative interviews with study
participants and group facilitators.

Baseline and follow-up assessments will primarily be conducted
over the telephone by a member of the research team (a trained
clinical psychologist). To promote follow-up, appointments will
be scheduled at a time convenient to the participants, with
options to accommodate participants’ preferences for video
link, face-to-face, and/or self-report (where feasible). Telephone,
text, letter, and/or facilitator prompting will be utilized (as
needed) to remind the participants of upcoming and/or missed
appointments.
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Figure 1. Participant flow chart. SMART: Self-Management and Recovery Training.
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Table 2. Schedule of data collection.

2-month follow-up2-week follow-upWeeklyDailyBaselineData collection method/instrument

SMARTa Recovery participants

Smart Track app

✓Data analytics

✓ROM itemsb

Telephone interview

✓✓Demographics

Network of Alcohol and other Drug Agencies Client Outcome Management System

✓✓Severity of Dependence Scale

✓✓Drug and alcohol use

✓✓Kessler 10+ scale

✓✓The World Health Organization Quality of Life–8

✓✓New South Wales minimum data set items (living arrange-
ments and income)

✓✓BTOM-Cc items on arrests

✓✓BTOM-C items on risky drug using practices

✓✓Substance Use Recovery Evaluator

✓✓Client Services Receipt Inventory

✓Mobile App Rating Scale–user version

✓✓Digital Working Alliance Inventory

✓Qualitative interview (n=20)

SMART Recovery facilitators

✓Demographics

✓Mobile App Rating Scale–user version

✓Qualitative interview (n=10)

aSMART: Self-Management and Recovery Training.
bSee Multimedia Appendix 2 for a detailed description of routine outcome monitoring items as a function of assessment domain and frequency of
administration.
cBTOM-C: Brief Treatment Outcome Measure-Concise.

Data Handling and Storage
Initially, the ROM data entered by participants into Smart Track
will be stored locally on the participants’ phones. When the
participants connect to the internet, ROM data will be
transmitted to a secure mobile and web app development
platform (managed by SRAU), before transmitting to a secure
server hosted by the University of Wollongong.

The participants’ responses to the baseline and follow-up
research assessment instruments will be entered at the time of
interview directly into REDCap, a secure web application for
building and managing online surveys and databases. Further
information about data management, monitoring, and
dissemination is provided in Multimedia Appendix 3.

Key Measures and Assessment Instruments

Primary Objectives: Feasibility and Acceptability

Mobile App Data Analytics

Mobile app data analytics will be captured daily throughout the
study period using a mobile and web app development platform.
Mobile app data analytics provide insight into how and when
participants interact with an app (including participants’
interactions with the on-site tablets provided by the research
team). In this study, analytics will be used to inform both
feasibility (primary objective) and to describe usage patterns
(secondary objective).

Qualitative Feedback

A qualitative evaluation (described under Nested Qualitative
Evaluation) will be conducted 2 months postbaseline to collect
detailed feedback from study participants and facilitators
regarding their experience of and satisfaction with Smart Track.
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App Quality Assessment

The Mobile App Rating Scale (MARS) [52] is designed to assess
the quality of mHealth apps. The original version of this rating
tool is designed to be completed by researchers, professionals,
and/or clinicians [52]. The Mobile Application Rating
Scale–User Version (uMARS [53]) is a simplified, end-user
version. A total of 16 items are used to assess app quality across
4 domains (engagement, functionality, aesthetics, and
information quality). Items are rated on a scale from 1 to 5
(1=inadequate and 5=excellent). Means are calculated for each
quality domain and summed to produce an overall app quality
mean score. Each instrument also contains 4 additional items
to assess subjective quality and a further 6 items to assess the
perceived impact of the app. Both the MARS [52] and uMARS
[53] have excellent internal consistency and sound test-retest
reliability.

The Digital Working Alliance Inventory (D-WAI) [54] is a
brief, simple scale designed to assess therapeutic alliances within
the context of app usage. It was recently developed to address
the need for improved assessment of working alliances when
evaluating the quality of digital health apps [54]. The D-WAI
comprises 6 items and is derived from the short form of the
Working Alliance Inventory [55], a commonly implemented
and validated index of working alliances [56-58].

Cost Analysis

Health Services and Medication: Usage and Cost

An adapted version of the Client Service Receipt Inventory
(CSRI)—generic UK mental health [59] will be used to assess
health services and medication usage. The content of this
inventory has been updated to reflect key sources of mental
health expenditure in Australia [60]. These data will allow us
to explore clinical and treatment characteristics that may be
associated with app usage and will provide some insight into
costing.

Time and Resource Utilization

Time and resource utilization will be captured in Microsoft
Excel using a cost capture template [61-63]. This template will
be used by the research team to maintain a record of cost data
associated with the conduct of the study and the development
and implementation of Smart Track. Only costs required to
develop and implement the Smart Track app will be included
in the cost analysis.

Secondary Objectives

Usage Patterns, Psychometric Properties, and
Participant-Reported Outcomes

Secondary objectives will be informed by (1) participant-entered
(and missing) data for Smart Track ROM items (detailed in
Multimedia Appendix 2), (2) app-generated data analytics, and
(3) the following data (eg sociodemographic characteristics;
drug and alcohol use; health and social functioning; and
recovery) collected by the research team at baseline and
follow-up assessments.

Demographic Characteristics

Collection of sociodemographic characteristics (referral source,
date of birth, gender, marital status, indigenous status,
education/training, accommodation, and income) will be guided
by items from the CSRI [59] and/or NSW minimum data set
(MDS) for drug and alcohol treatment services [64].

The Network of Alcohol and other Drug Agencies (NADA)
Client Outcome Management System (COMS) was developed
by NADA to address the need for greater consistency in how
outcomes are assessed across the drug and alcohol treatment
sector [46]. We have chosen to use the COMS in this study to
ensure that our data are directly comparable with the broader
drug and alcohol treatment sectors. The COMS comprises a
battery of items designed to assess 4 key domains: (1) drug and
alcohol use, (2) psychological health, (3) health and social
functioning, and (4) blood-borne virus (BBV) risk. The
instruments used to assess each domain are outlined below. The
COMS will be administered in full at baseline and at 2-month
follow-up. A subset of items (Multimedia Appendix 2) will also
be administered via Smart Track.

Client Outcome Management System: Drug and Alcohol Use

Severity of Dependence Scale

The Severity of Dependence Scale [65] is a 5-item screening
measure of the psychological aspects of dependence that takes
less than 1 min to complete. The items assess feelings of
impaired control over drug taking, together with preoccupations
and anxieties about drug taking. Participants will be asked to
respond based on the substance that was causing them the
greatest concern (1) over the preceding 2 months and (2) when
they began attending SMART Recovery. The items are rated
on a 4-point Likert scale, and total scores range from 0 to 15.
Higher scores indicate a higher level of dependence. It is widely
validated for use across a range of drug types, including heroin,
cannabis, cocaine, amphetamine, and benzodiazepines [65-67].

Substance Use

Alcohol and tobacco use is measured by assessing both
frequency (number of days) and quantity used during the
preceding 4 weeks. Furthermore, 2 separate measurements for
alcohol are included: number of days the person drank alcohol
(and average number of drinks per day) and number of days of
heavier drinking than usual (and average number of drinks on
those days). For benzodiazepines and any illicit drugs, only the
number of days of use is assessed.

Client Outcome Management System: Psychological Health

The Kessler 10 scale (K10) [68] is a widely used self-report
measure of psychological distress. It comprises 10 questions
that assess the level of nervousness, agitation, psychological
fatigue, and depression in the past 4 weeks [68]. Each item is
scored from 1 to 5, from none of the time to all of the time.
Scores are then totaled, resulting in a K10 score between 10
and 50, with higher scores indicating greater distress [69]. The
Kessler 10+ scale includes 4 additional questions to provide a
context for interpretation (number of days where work, study,
and/or management of daily activities were stopped and/or
reduced because of these feelings; number of times professional
help was sought; and perceived contribution of physical health
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problems to reported distress) [46]. The K10 has been
successfully used in a range of populations, including a range
of different Australian settings [69] and specifically with users
of AOD in Australian settings [70].

Client Outcome Management System: Health and Social
Functioning

World Health Organization Quality of Life Scale–8

The World Health Organization Quality of Life–8 [71] questions
(also known as the EUROHIS QoL-8) is a very brief adaptation
of the WHOQOL-100 and the WHOQOLBREF. Each item is
scored from 1 (eg, not at all/very poor/very dissatisfied) to 5
(eg, completely/very good/very satisfied). Items are totaled
(range 8-40), with higher scores reflecting greater perceived
quality of life over the preceding 2 weeks. Domain scores can
also be calculated for overall perception of the quality of life,
overall perception of health, physical quality of life,
psychological quality of life, satisfaction with social
relationships, and satisfaction with the environment. It has been
used and validated across a range of populations and settings
[45,71], including AOD [72] and mental health [73].

New South Wales Minimum Data Set Items

To provide a differing and more objective assessment of the
changes in the perceived quality of life [46], the COMS also
includes two items on living arrangements (“Who do you live
with?” and “Usual accommodation?”) and 1 item on income
status (“What is your main source of income?”) taken from the
NSW MDS [64]. Each item is answered by selecting one option
from the response categories provided.

Two items on crime from the Brief Treatment Outcome
Measure–Concise (BTOM-C) [47] are also included. These
items were developed by the NSW Ministry of Health and assess
the number of times the individual has been arrested in the last
2 months and how many arrests were for offenses committed
in the preceding 2 months.

Client Outcome Management System: Blood-Borne Virus
Risk

The BBV exposure risk-taking domain of the COMS comprises
4 items from the BTOM-C [47] on injecting drug use and
overdose. These items are part of the validated BTOM
measurement tool developed by NSW Health [47]. They are
designed to measure changes and outcomes in relation to
injecting and other risky drug use practices.

Client Perspectives of Recovery

The Substance Use Recovery Evaluator (SURE) [43] is designed
to measure recovery from drug and alcohol dependence. It was

developed in close consultation with people in recovery and
comprises 21 items across 5 domains (drinking and drug use,
self-care, relationships, material resources, and outlook on life).
Items are summed to generate domain scores and an overall
recovery score, with higher scores indicating greater progress
toward recovery. Evidence supports face and content validity,
acceptability, and usability for people in recovery [43]. We have
selected the SURE as it is the first patient-reported outcome
measure to provide a multidomain assessment of recovery, as
defined by adults with experience of addiction [19]. Holistic
assessment across a range of domains is consistent with both
service user needs [74] and recovery-oriented service provision
[19], thereby increasing the relevance of our findings to both
service users and service providers. The SURE will be
administered in full at baseline and at 2-month follow-up, with
items also administered via Smart Track.

Nested Qualitative Evaluation

Qualitative interviews will be conducted 2 months postbaseline
to explore the experience and opinions of participants with
diverse engagement with Smart Track. Participants will be
purposively sampled according to their baseline characteristics,
pattern of Smart Track usage, and responses to the 2-month
follow-up assessment. Specifically, we wish to explore the
experience and opinions of 2 groups of SMART Recovery
participants: (1) those who attended SMART groups regularly
and completed the ROM regularly (n=10) and (2) those who
attended SMART groups regularly and did not complete the
ROM regularly (n=10). A qualitative researcher independent
from the research team will use a topic guide to ask additional
open-ended questions to the selection of participants (n=20)
until the nominated sample size in both groups is reached. The
research team will monitor recruitment to ensure that there is
an adequate distribution of gender, main behavior of concern,
geographical location, and group setting. Two corresponding
groups of SMART Recovery facilitators (n=5 for each group)
will also be recruited, namely (1) one group with members who
regularly used Smart Track and (2) another group with members
who did not regularly use Smart Track.

All interviews will be audio-recorded. A professional transcriber
working under a confidentiality agreement will transcribe the
recordings. The transcripts will be checked against the
recordings for accuracy and deidentified (by removal of
identifying information).

Study Outcomes
Primary and secondary endpoints are presented in Tables 3 and
4, respectively.
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Table 3. Primary endpoints.

Primary endpointPrimary objective

To explore the feasibility of using Smart Track as part of

SMARTa Recovery groups for the purposes of ROMb and
tailored feedback

• Proportion of eligible participants who consent to the study
• Proportion of missing data for each of the ROM items/instruments at each week of

administration, across the 2-month period of Smart Track usage
• Costs associated with developing Smart Track and maintaining the app until the

completion of data collection
• Participant engagement with Smart Track, as indexed by data analytics captured

daily across the data collection period

To explore the acceptability of using Smart Track as part
of SMART Recovery groups for the purposes of ROM and
tailored feedback

• Detailed qualitative feedback from SMART Recovery group members and facilitators
to explore their experience of and satisfaction with Smart Track (2-month follow-
up)

• Quality ratings as assessed by participant and facilitator ratings of the user version
of the Mobile App Rating Scale (2-week follow-up) and Mobile App Rating Scale
(2-month follow-up), respectively

• Digital therapeutic alliance ratings as assessed by participant ratings of the Digital
Working Alliance Inventory (2-week and 2-month follow-up)

aSMART: Self-Management and Recovery Training.
bROM: routine outcome monitoring.

Table 4. Secondary endpoints.

Secondary endpointsSecondary objective

To explore how participants engage with the app and
describe usage patterns

• Demographic, clinical, and treatment factors (as measured by Client Service Receipt

Inventory, COMSa, and SUREb at baseline and 2-month follow-up) associated with

(in)completion of Smart Track ROMc items
• Data analytics captured daily across the data collection period

To provide preliminary evidence for the psychometric
properties of the ROM items administered by Smart
Track

• Internal reliability and convergent and divergent validity of COMS and SURE items
administered by Smart Track (relative to the complete versions administered at baseline
and 2-month follow-up)

Participant-reported progress across the 2-month period of app usage in the following:To provide preliminary evidence for participant-reported
outcomes in behaviors of concern, recovery, and mental
health

• Addictive behaviors (COMS [41] and item adapted from the Screener for Substance
and Behavioral Addictions [42])

• Addiction recovery (SURE [43])
• Mental health (Kessler [44,68])

aCOMS: Client Outcome Management System.
bSURE: Substance Use Recovery Evaluator.
cROM: routine outcome monitoring.

Participant Reimbursement
Consistent with the Australian guidelines for acknowledging
the time and value of consumer participation [75], participants
will be offered modest reimbursement for any time, travel, and
inconvenience associated with participation in the study
assessments (supermarket voucher to the value of AUD $19.60
for baseline and 2-month follow-up assessments; AUD $1=US
$0.65).

Statistical Analysis

Primary Objectives
Given the primary objectives of exploring feasibility and
acceptability, outcome data will primarily utilize descriptive
statistics (eg, summarizing the recruitment rate, proportion of
missing data, data analytics, MARS and uMARS quality ratings,

and D-WAI alliance ratings). Descriptive statistics will be
supplemented by the following cost and qualitative analyses.

Cost Analysis

A cost analysis will be conducted with the assistance of the
health economics unit at the Hunter Medical Research Institute,
Australia. The analysis will adopt a health provider perspective;
it will measure and report the cost associated with developing
and maintaining Smart Track. This is policy-relevant
information as it estimates the resources required to translate
the model of care to another location. Cost modeling will be
conducted to report the direct costs of the additional resources
required to develop and maintain Smart Track. The perspective
adopted will be limited in the base case analysis to that of the
health provider. Costs and resource use will be prospectively
collected for the duration of the feasibility study and will be
valued using a combination of hospital data from NSW Health,
Medicare Benefits Schedule tariffs, and market rates.
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Downstream cost savings associated with hospitalization will
also be explored.

Qualitative Evaluation

Qualitative data will be examined to inform the acceptability
of Smart Track by exploring the participants’ and facilitators’
experiences of the perceived usefulness of ROM and any
reason(s) for nonadherence. The analysis will proceed in 2 ways.
First, we will identify key concepts and experiences to inform
future development and/or refinement of Smart Track content,
features, and/or procedures. Second, if there is sufficient data,
an inductive approach [76] will be used to shed light on the
ways in which individuals understand themselves and their
actions (such as in the SMART Recovery group). The
methodology also allows for individual beliefs and experiences
to be positioned within broader social, service, and policy
contexts, including factors such as drug treatment policy and
service availability and social attitudes toward drugs and people
who use them [77].

Secondary Objectives

App Engagement and Usage Patterns

A detailed exploration of the relationship between app usage
(as indexed by frequency of ROM completion, number of
missing items, and time to disengagement) and participant
characteristics (demographic, clinical, and treatment variables)
will be explored using linear regression. Furthermore, we intend
to explore the ROM data graphically to see (1) whether it is
likely to characterize particular patterns of usage and (2) whether
these patterns appear to be influenced by various participant
characteristics. Potential patterns that emerge during this
exploratory phase will be followed up using latent trajectory
analysis. This will clarify whether app use increases, decreases,
or has some other pattern over time. Descriptive statistics will
also be used to summarize app-generated data analytics.

Preliminary Psychometrics of Smart Track ROM Items

Preliminary psychometrics for Smart Track items will be
explored via sensitivity to change, internal consistency,
test-retest reliability, convergent validity, and exploratory factor
analysis. Internal consistency of Smart Track ROM items will
be evaluated using Cronbach alpha coefficient. Pearson
correlation analysis will be used to examine the test-retest
reliability of ROM scores for the first and second completion
of each item set. Convergent validity will be examined using
Pearson correlation analysis to explore the associations of initial
ROM scores with the standardized measures (COMS and SURE)
administered at baseline. Sensitivity to change will be examined
via effect sizes, reliable change index (RCI), and growth curve
modeling. As appropriate, internal consistency, test-retest
reliability, concurrent validity, and RCI will be further examined
as a function of age group, gender, and primary behavior of
concern.

Effect sizes will be estimated for participants’ average ROM
change scores between the first and last sessions. To explore
the minimum reliable amount of change in scores (while
accounting for measurement error [78]), we will calculate RCI
between participants’ first and last ROM scores. The Jacobson
and Traux criteria [78] will be applied to describe the proportion

of participants who improved, did not change, or deteriorated.
RCIs will also be calculated for the standardized measures
administered at baseline and follow-up to allow comparisons
with the ROM items. Growth curve modeling will be used to
estimate the average rates of change in ROM scores across the
2-month period of ROM usage.

Method of Dealing With Missing Data
Descriptive analyses will use all available data. Inferential
analyses (eg, linear regression and growth curve modeling) will
use multiple imputation (with chained regression equations) as
the primary method of dealing with missing data. The number
of imputed data sets will depend on the fraction of missing data,
but the stability of results will be assessed over a range of
imputation numbers.

Participant Outcomes
Participants’ responses to the COMS and SURE (as captured
via interview and ROM items across the 2-month data collection
period) will be summarized using descriptive statistics.

Power
We aim to recruit participants from 13 sites that conduct a
combined total of 25 groups per week. Assuming an average
of 6 eligible participants per group per week and a target sample
size of 100 participants, we anticipate recruitment to take
between 4 and 6 weeks (for an estimated recruitment rate
between 11% and 17%). A sample of this size will enable the
estimation of the recruitment rate and 95% CI, with a margin
of error of no more than 7%.

Results

At the time of submission, 13 sites (25 groups per week) had
agreed to be involved. Funding was awarded on August 14,
2017 and ethics approval was granted on April 26, 2018
(HREC/18/WGONG/34; 2018/099). Enrollment is due to
commence in July 2019. Data collection is due to be finalized
in October 2019.

Discussion

Principal Findings
Integrating ROM and tailored feedback into SMART Recovery
groups is an important step toward improving client care
[5,6,79]. Given the dearth of published research specifically
examining the effectiveness of SMART Recovery [27], ROM
provides the opportunity to establish an evidence base for
SMART Recovery. Improved engagement with ROM and
feedback requires innovative solutions [9]. To overcome the
current limitations [9,18,80], in this project, we have harnessed
technology to develop a fee-free mHealth app that provides
interactive, client-centered, multidimensional progress
monitoring. Written and visual feedback is generated
automatically and is available almost instantly. Consistent with
the need to improve the quality of mHealth solutions [81], Smart
Track is grounded in theory, informed by an in-depth
understanding of the needs and opinions of SMART Recovery
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participants and facilitators, and will undergo methodologically
rigorous evaluation.

Conclusions
To the best of our knowledge, this study will be the first to use
ROM and tailored feedback within a mutual support group
setting. Our study design will provide an opportunity to identify
the acceptance of a novel mHealth ROM and feedback app
within this setting and provide detailed information on the

factors that help to promote or hinder the use of ROM within
this context. The study will provide important contextual
information to inform the development of future intervention
studies focused on the effectiveness of adding ROM plus
feedback to SMART Recovery. Further, should Smart Track
prove feasible and acceptable, this project offers a new tool that
service providers, policy makers and researchers could one day
use to understand the impact of SMART Recovery.
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Abstract

Background: In Cambodia, abortion has been legally permitted on request during the first trimester of pregnancy since 1997.
However, although there has been an increase in the percentage of women having induced abortion and medical abortion, there
has also been a decrease in the percentage of women who say they received help from a health worker with their abortion. These
data point toward the demedicalization of abortion, and although medical abortion has been shown to be safe, there are concerns
about safety, given the variety of available products and counseling provided. These concerns are particularly relevant for female
factory workers, who typically come from rural areas where access to good health care and information about reproductive health
care is limited.

Objective: This study aims to understand the reproductive health needs of female Cambodian garment factory workers after
medical abortion from a multidisciplinary and mixed-methods perspective, focusing on how they seek and share medical abortion-
and health-related information; how they use their mobile phones for this and other purposes; what cultural challenges exist
around reproductive health; and how they might be magnified or mitigated by mobile phones, linguistic challenges around health
care, and mobile phone use. The main purpose of this study is to combine multidisciplinary methods, theories, and expertise to
gain new, culturally grounded insights into family planning and medical abortion in Cambodia, but the findings could help inform
the development of a relevant intervention to support comprehensive postabortion care.

Methods: The methods proposed are interviews and participant observation among factory workers, health providers, and
mobile phone providers; a linguistic analysis of relevant data (interview transcripts, web-based sources, and other fieldwork
materials); and digital methods to understand what kind of information about medical abortion exists on the web in Cambodia
and how it is accessed by the targeted population.

Results: The data collection part of the project will end on December 31, 2020. The team conducted 67 semistructured interviews
with female factory workers, women who sought a medical abortion, health providers, and mobile phone providers; participant
observation with factory workers and health providers; and an analysis of YouTube and Facebook to understand what kind of
information is available, who creates it, and how it is used. The team is currently performing data analysis, and the findings are
clustered around (1) the use of mobile phones and digital resources for health-related and medical abortion-related information,
(2) the experience of medical abortion care, and (3) the development of an intervention through edutainment videos.
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Conclusions: The project highlights both the widely untapped potential of using digital platforms (especially YouTube and
Facebook) to distribute accurate information on medical abortion and the challenges in providing individual information via
mobile phones while respecting individuals’ privacy.

International Registered Report Identifier (IRRID): DERR1-10.2196/17779

(JMIR Res Protoc 2020;9(7):e17779)   doi:10.2196/17779
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reproductive health; abortion; Cambodia; mHealth; mobile phone

Introduction

In Cambodia, abortion has been legally available on request
during the first trimester of pregnancy since 1997 [1,2]. Drugs
used in medical abortion containing mifepristone and
misoprostol were approved in 2010 and made available in a
restricted number of health facilities [2,3]. Although nationwide
surveys report an increase in the percentage of women having
induced abortion and medical abortion, they also report a
decrease in the percentage of women who say they received
help from a health worker with their abortion. These data point
toward the demedicalization of abortion, a phenomenon that is
being observed globally, as evidenced by the increased use of
medical abortion pills at home with limited contact with trained
health care professionals [4]. Although medical abortion has
been shown to be safe and up to 98% effective for early
pregnancy terminations, there are concerns about safety, given
the variety of available products and counseling provided [5].
Further research on this topic is needed.

The Cambodian garment industry accounts for a significant
proportion of formal employment of the female labor force and
is an important contributor to Cambodia’s economy. As of 2015,
there were 837 garment factories in Cambodia, providing formal
employment to approximately 700,000 garment factory workers,
of which approximately 85% are women, most of whom are of
reproductive age [6,7]. It has been estimated that one-fourth of
all Cambodian women between 18 and 29 years are working in
garment factories. Typically, these women come from rural
areas where access to high-quality information about
reproductive health is limited. Furthermore, it is also likely that
migrating to urban areas puts women in a disadvantaged position
as they are no longer able to receive family or community
support and are more vulnerable to sexual exploitation, often
resulting in unwanted pregnancies and sexually transmitted
infections [6].

Marie Stopes International Cambodia (MSIC) is part of the
Marie Stopes International (MSI) global partnership. MSIC has
been delivering high-quality sexual and reproductive health
services in Cambodia since 1998, covering seven provinces.
MSIC provides family planning, contraception, safe abortion,
and postabortion care within the legal framework of Cambodia.
In addition, MSIC operates a contact center that serves as a link
between MSIC and the general public for all the services that
MSIC provides and for general information about sexual and
reproductive health, including family planning, safe abortion,
postabortion care, and other sexual and reproductive health
issues. MSIC has strong relationships with garment factories
having undertaken 2 relevant projects in recent years: Partnering

to Save Lives (PSL) and Worker Health. PSL is a project funded
by the Australian Department of Foreign Affairs and Trade and
is a collaboration between MSIC, CARE Cambodia, and Save
the Children that started in 2013. PSL conducted a baseline
survey of the knowledge, attitudes, and practices of garment
factory workers in 2014 and 2016, which provides background
information about our research participants in terms of mobile
phone ownership, awareness of abortion services, and
contraception options [7]. Worker health is a project funded by
the United States Agency for International Development and a
collaboration between MSIC and the Population Council to
increase the access of garment factory workers to and utilization
of health services, particularly high-quality reproductive health
and voluntary family planning services. Their systematic review
of garment sector health interventions showed that there was
limited use of mobile health services [6].

This project, a collaboration between the London School of
Hygiene and Tropical Medicine (LSHTM), the School of
Oriental and African Studies (SOAS) University of London,
King’s College London, and MSIC, funded by the United
Kingdom Arts and Humanities Research Council (AHRC), aims
to complement previous and ongoing projects but focuses
particularly on support for reproductive health after medical
abortion and health-seeking behaviors in general. Understanding
the reproductive health needs of female Cambodian garment
factory workers after medical abortion, together with
understanding how they seek and share information and how
they use mobile phones, could help inform the development of
a relevant intervention to support comprehensive postabortion
care. To do so, however, it is necessary to understand (1) how
they use mobile phones and how they fit within offline practices
of information sharing; (2) the cultural challenges around
reproductive health and how they might be magnified or
mitigated by mobile phones; and (3) the linguistic challenges
around mobile phone use, for example, language input, or oral
versus written practices.

Women seeking medical abortion from clinics such as MSI are
routinely offered a follow-up appointment, but many will not
attend unless they have a problem. For those seeking medical
abortion from informal clinics and pharmacies, very little is
known about outcomes such as follow-up rates, use of
contraception, repeat abortion, and complications (such as
uterine rupture or incomplete abortion), and observational
studies report that women are often given little information on
how to use medications and postabortion family planning [2].
Against this background, mobile phone communication is a
potential way to maintain communication with women after
they have obtained medical abortion drugs from a health care
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provider by overcoming distance and access barriers and
potentially providing new modes of interaction, such as
synchronous and asynchronous voice communications through
instant messaging apps. There is an emerging body of evidence
supporting the feasibility, acceptability, and efficacy of digital
interventions for behavior change [8,9]. However, as
smartphones become increasingly common in low- and
middle-income countries, a new generation of digital health
apps is being developed without considering the populations
they target from a sociocultural and linguistic perspective. This
is the gap that the collaboration between LSHTM, SOAS, and
Marie Stopes International addresses: bringing health care,
sociocultural, linguistic, and local expertise together to
understand how mobile phones, existing communication
patterns, and health care interventions can come together in a
way that is cost- and time-effective for the providers and fit into
the cultural patterns of language, information exchange, and
social interactions of the targeted population.

This study aims to conduct a joint research project using
qualitative methods from a multidisciplinary perspective to,
first, study health information gathering and sharing among
factory workers and reproductive health issues after medical
abortion in Cambodia from medical, cultural, and
information-sharing practice perspectives; and second, design
a pilot intervention delivered by mobile phone to support the
reproductive health of women who work in factories around
Phnom Penh.

Methods

Methodological Approach
This study will focus on the following populations: first, women
working in selected garment factories around Phnom Penh;
second, private health care providers near selected garment
factories; and third, women working in garment factories seeking
medical abortion from private providers near garment factories.
Women working in garment factories will be selected if they
are willing to be interviewed and observed at work and in their
living quarters, own or do not own a mobile phone, are using
contraception or have used medical abortion pills or not, and
are 18 years and older. Garment factories will be selected if
they are located near Phnom Penh and have an existing
relationship with MSIC. Private providers will be selected based
on whether they are a pharmacy or small private clinic, are
located near Phnom Penh, are selling medical abortion pills (not
limited to registered products), the manager and at least one
worker is willing to participate, and are employing workers
aged 18 years or older. Women seeking medical abortion from
private providers will be invited to participate in the study based
on if they (1) are using medical abortion pills, purchased from
study pharmacies during the study period; (2) purchased
medication by themselves; (3) had access to a mobile phone
and were willing to be followed up by phone with questions
about their abortion periodically after taking the first drug; (4)
are 18 years and older; (5) if their gestational age is less than 9
weeks (calculated from the last menstrual period), have a
confirmed pregnancy (self-reported); and (6) are willing and
able to give informed consent.

The research project in Cambodia will draw on qualitative
methods from public health and the humanities/social sciences.
One of the goals will be to use more ethnographic perspectives
within the context of the intervention mapping (IM) approach
commonly used to develop health behavior change interventions.
Ethnographic work will be employed to reach a holistic picture
of the environment in which the women live and work, without
focusing exclusively or necessarily on reproductive health care.
Ethnographic work will take place at the very beginning of the
project as an exercise in idea generation and contextualization
for the subsequent phase, IM. IM is a well-established
methodology for conducting interdisciplinary intervention
development and is flexible enough to be adapted to different
cultural settings [10]. It will allow the research partnership to
build on the IM approach recently used by LSHTM colleagues
(Ona McCarthy/CF) to develop an intervention to support
contraception use in Palestine, Bolivia, and Tajikistan [11] as
well as qualitative methods used by the SOAS researchers,
methods that require constant refining of research questions
[12], and user-centered design principles [13]. IM is a
cumulative process that often necessitates moving back and
forth through the following steps: (1) needs assessment, (2)
specifying behavior change resulting from the intervention, (3)
designing the intervention, (4) producing and refining the
intervention content, (5) planning intervention implementation,
and (6) planning intervention evaluation. This project will focus
on steps 1-4 and will bring a cultural and sociological
perspective to these phases. The methodological collaboration
will focus, in particular, on the needs assessment and
intervention design phases. A key aspect of the partnership will
be to explore and discuss findings in relation to the theories and
perspectives of each of the disciplines contributing to it. The
following research activities are planned, with activities 1 to 3
focusing on IM step 1: (1) participant observation and interviews
regarding the current behaviors of women in health information
gathering and sharing, (2) interviews with private providers and
garment factory infirmary workers in the vicinity of garment
factories that provide or refer for medical abortion, (3)
interviews with women seeking medical abortion from private
providers, (4) specifying behavior change to result from the
intervention, (5) designing the intervention, and (6) producing
and refining intervention content.

Activity 1: Participant Observation and Interviews
Regarding Women’s Current Behaviors in Health
Information Gathering and Sharing
The objectives of activity 1 are to understand how women look
for and share information related to health care, in particular,
abortion and postabortion services, in their everyday life; to
understand the local context, in terms of resources, access, and
geography, and to generate ideas for activity 2. Field research
will begin with observations, hanging out, and semistructured
interviews among female factory workers in the targeted
neighborhood. To gain a holistic understanding of needs beyond
specific health care–related ones and thus discover what kind
of information channels they use, and who they trust, the team
will try to recruit a larger pool of participants than those who
will participate in activity 2 (eg, 25-50 participants). Researchers
will conduct participant observation in key places such as
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garment factories with links to MSIC (eg, during lunch breaks
and before and after work), garment factory infirmaries,
pharmacies, and other places where young women meet in their
leisure time. Locations and potential participants will be
identified with the help of the project’s Cambodian staff
according to the criteria discussed earlier. Fieldwork will be
carried out by the main principal investigators (PIs) and
UK-based students with Khmer language skills and by a
Cambodian research assistant to ensure that it is done in a
culturally sensitive manner.

A possible plan for this initial fieldwork is as follows. The
researchers will live in a guesthouse in the area to experience
the environment and familiarize themselves with life in the
neighborhood (eg, mapping out health care–related resources,
including restaurants, shops, and other points of congregation;
experiencing life inside and outside the factories and where
women live; etc). On the first day, they will go to the factories
that have agreed to participate in the project and be introduced
to the staff and potential research participants (Multimedia
Appendix 1). The first week will be spent hanging out at both
the factory and outside, befriending different potential
participants, having meals with them, and, if they agree, joining
them for activities outside the factory or to visit their living
quarters. The researchers will explain the purpose of their
research and ask for permission to take photos and record
conversations if appropriate (Multimedia Appendix 2).
Alongside participant observation and hanging out with women,
researchers will conduct participant observation in local
pharmacies and a clinic. With the consent of the participants,
the researchers will follow a nurse or an administrative person
for a day to see who they interact with; what kind of questions
they ask; and how they use computers, phones, and mobile
phones. When there are close interactions with the clinic’s
patients, our role and project will be explained, and researchers
will stay only with the patient’s consent. Similarly, participant
observation in a private provider will include one of the
researchers spending a few hours over different days in the
pharmacy, observing the flux of people, and how they interact
with providers to ask for health care–related information.
Halfway through this first period of fieldwork, the researchers
will identify among their contacts key informants to interview.
The interviews will start with a general overview of informants’
use of mobile phones and then focus on health care needs and
information-seeking tactics (Multimedia Appendix 3). If and
when appropriate, researchers will also ask interviewees to show
(rather than only describe) how they look for health-related
information on their mobile phones. This phase will be followed
by virtual observation of websites and specific social network
pages mentioned by interviewees [14]. If invited, the researchers
will also follow interviewees on social media or friend them on
instant messaging programs or social networks. Due to privacy
concerns, no material or direct quotes from these specific
sources will be used in a way that could make the research
participants identifiable. For example, if screenshots are
captured, they will be transcribed, stripped of any identifying
element, and then translated. The translation will not be used
verbatim in any publication or public presentation. If quotes or
images or screenshots are shown or published, they will be a
composite of source material (ethical procedures are given in

the Ethical Considerations and Research Governance section.
The field site will remain the same for the duration of the
project, and the UK-based and/or Cambodia-based researchers
might go back at regular intervals to conduct follow-up
observations and interviews.

Following feedback from reviewers from a medical background,
who asked for clarifications about observation and
interaction-based research methods that are common in the
social sciences but interpreted differently in the medical
sciences, the PIs added a clarification on how they were planning
to conduct fieldwork. This is added here to the original research
protocol, as it highlights that one of the challenges of conducting
multidisciplinary research is that different disciplines interpret
differently what on the surface are the same methods (eg,
interviews and participant observation). The specific feedback
asked for a detailed form for guiding observations and
questioned the idea of hanging out and befriending participants
on social media as potentially deceptive forms of research.

There is no specific form for guiding or recording observations.
As is common in ethnographic research [15], each field
researcher has a personal way of keeping a field diary, which
ranges from taking notes on paper or her mobile phone during
the day (or simply memorizing specific moments), then writing
them up in a diary form in the evening, to taking photos of
events or places that seem important, to sketching, and making
voice memos. The point to stress is that the researchers are not
entering the field with preconceived ideas about what is
important and should be noticed and what is not. Activity 1 is
ethnographic, so it is aimed at gathering a holistic picture of the
environment in which the women work and live, their
relationships, and the places they visit. The interviews will be
semistructured, not structured (characterized by a fixed set of
questions), to allow interviewers to follow up on the
interviewees’ responses and discover themes that cannot be
planned beforehand. The goal is to touch on the themes
described in the protocol but in as open a way as possible, so
that the researchers can follow the lead of the women rather
than vice versa. In other words, instead of asking, “how do you
use your mobile phone to look for health-related information,”
which implies that the interviewee has used her mobile phone
to look for health-related information, the interviewer would
follow up on the interviewee’s description of her daily life to
find out more about both mobile phone use and health-related
information.

Researchers’ questions and follow-up questions will not stray
outside the broad headings outlined in the topic guides, but
researchers will let interviewees lead the interview and talk
about any topic they would like to discuss. A relationship of
mutual trust between researchers and research participants is
an essential element of good ethnographic research, and it is
what leads to findings of what really matters to research
participants, rather than what researchers think matters.
Similarly, the researchers will not ask to follow factory workers
on social media but will accept any invitation to friend that is
offered them, asking specifically if anonymized data can be
used for data analysis. The researchers are not looking for
specific information about specific individuals or screenshots
of specific conversations, but there might be important and
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useful information about how people communicate and engage
on social media that would not be otherwise accessible. Thus,
the data gathered from engagement in social media will be used
for internal analysis. If a screenshot is deemed a particularly
useful visual support of points we discover, the researchers
might ask for permission from the person or group in the
conversation to use it, appropriately anonymized, in
presentations and publications. Befriending research participants
on social media is by now a fairly standard research method in
digital anthropology [16], and the participants are always free
to defriend the researcher if they do not want to be involved
with them any longer. Research participants who use social
media are typically very fluent in the etiquette of friending,
defriending, and managing different identities and different
social circles on the web. In general, in ethnographic research,
there are no findings without a relationship of trust, which is
built through time and interactions. This can potentially create
ethical dilemmas regarding friendships that can arise between
researchers and research participants [17], but they are not about
the researcher disguising or lying about her role, and they are
part of the constant negotiation of being in the field, carrying
out research in naturalistic rather than laboratory settings. The
researchers follow the recommendations from the Association
of Internet Researchers Ethics Working Committee in 2012 that
highlight that “ethical decision-making is best approached
through the application of practical judgment attentive to the
specific context” [18].

Activity 2: Interviews With Private Providers and
Garment Factory Infirmary Workers in the Vicinity
of Garment Factories That Provide or Refer to Medical
Abortion
The objectives of activity 2 are to understand the perspective
of health care providers, such as private providers and garment
factory infirmary staff, to find and share health care information,
and to conduct a needs assessment. Semistructured interviews
will be conducted with the staff of private providers (including
pharmacies) and garment factory infirmaries where participant
observation has been previously conducted to understand their
perspective on how women find, share, and act on health
care–related and abortion-related information. Researchers aim
to interview a wide variety of stakeholders in the process as
much as possible (approximately 10-20 participants), not only
health care providers such as physicians and nurses but also
administrative and support staff. The interviews will focus on
their direct experience of being asked about health care–related
and abortion-related information in person and via other means
(eg, by phone) as well as their observations on the topic.
Interviewers will ask questions about the characteristics of
providers and staff, including age, sex, education level, and the
number of years worked, their current medical abortion, and
emergency contraception sales. When possible, interviewers
will attempt to ground their responses using specific artifacts
such as web pages, mobile phones, and anything else that
suggests itself as a potential productive avenue of inquiry from
the preceding participant observation and interviews. Private
provider managers will be approached by a research assistant
who will explain the study and inform them of the tasks that
will be required by participating staff. If private provider

managers consent to participate, they will be asked to sign an
informed consent form. All workers at the participating provider
will then be approached and asked for informed consent to
participate in the study (the Ethical Considerations and
Research Governance section provides further details).

Activity 3: Interviews With Women Seeking Medical
Abortion Services From Private Providers
The objectives of activity 3 are to increase the understanding
of the local context, reasons for abortion, postabortion care
issues, and mobile phone use; to increase the understanding
about the feasibility of recruitment of women seeking medical
abortion from pharmacies to phone (digital health) follow-up
support and research studies; and to seek views on possible
intervention(s). An exploratory qualitative study of
approximately 10 to 20 semistructured interviews and follow-up
with women seeking medical abortion will be conducted by a
member of the research team. Participants will be recruited by
working together with private providers. The Ethical
Considerations and Research Governance section provides
more details on the recruitment and consent procedures.
Participants will be offered an initial face-to-face interview at
the location of their choice, but because of potential privacy
and confidentiality issues, the interviews will be conducted by
phone if they prefer. Ideally, a short initial interview will be
conducted at the time when the woman attends the private
provider. If the participant consents, additional short interviews
will be undertaken at 2 and 4 weeks to learn more about the
women’s experience over the initial postabortion period. These
interviews will also be conducted at the location of the
participants’ choice, either face-to-face or by phone. Interviews
will be recorded and transcribed if possible and with consent.
In addition, there may be additional communication by mobile
phone between the participants and Cambodian researchers.
This could take the form of the researcher asking, “how are
you?” or “if you have any problems, please call me.” No
messages will contain terms related to abortion, contraception,
or MSI. The aim of this communication is to document further
any postabortion care issues and provide support where
appropriate. Phone communications will be anonymized and
documented.

Activity 4: Specifying Behavior Change Resulting From
the Intervention
The objective of activity 4 is to analyze and discuss the findings
of activities 1 to 3 to specify behavior changes resulting from
the intervention. The study population will be described in terms
of sociodemographic characteristics using descriptive statistics.
With the interviewees’ permission, interviews will be recorded
and transcribed and then translated into English, and a thematic
analysis undertaken. A coding frame will be developed
iteratively to analyze the first few transcripts and will then be
used to code all transcripts. The findings from activities 1 to 3
will be summarized and synthesized and discussed in research
seminars with a range of stakeholders in Cambodia and the
United Kingdom to specify potential behavior changes resulting
from the intervention. The goal is to create a map of different
types of communication patterns and personas that correspond
to each behavior. Personas are frequently used in
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human-computer interaction research [19] and are an example
of the type of methodological cross-pollination the project aims
to create.

Activity 5: Designing the Intervention
Activity 5 aims to seek views on possible interventions; to
co-design a potential intervention with input from garment
factory workers, medical abortion clients, pharmacists, MSIC
research and marketing team, call center, and external
organizations as required; and to develop specific message
content, tone, and style. This activity builds on outputs from
activity 4. The intervention components will be developed based
on up-to-date empirical evidence and in collaboration with
service users and providers. For the intervention design, the
investigators will choose theory-informed behavior change
methods to include in the intervention and deciding how to
deliver them, as common in IM mapping approaches, but
drawing from theories in the health field and
cultural/information studies, to find the best fit with local
circumstances, language, and effective interventions for
supporting reproductive health after medical abortion. Although
focus groups can be useful for generating ideas among
participants for intervention development, this could be
challenging for our target population of factory workers seeking
medical abortion from private pharmacies in terms of logistics
and privacy concerns.

It is anticipated that service users and health care providers will
be recruited to participate in this part of the study in the same
way as with activities 2 and 3. The researchers plan to undertake
approximately 10 to 20 interviews with service users and
providers. The study team will provide participants with
information regarding the aim of the study and obtain consent
as per activities 2 and 3. The researcher will elicit participants’
preferences for the intervention and seek comments from them
on any preliminary messages/content developed, specifically
asking about the acceptability, comprehensibility, and
appropriateness of the messages/content developed and
suggestions for improvement. According to the feedback
received, messages will be retained, discarded, or modified, and
retested, if necessary. If it is felt that an intervention delivered
by a mobile phone is feasible, the research team will
simultaneously evaluate digital health communication software
options to deliver the intervention (eg, voice or instant
messaging) with an appropriate design and level of technology
with or without creative content providers. The researchers will
ensure that any intervention content is consistent with the
Cambodian Ministry of Health guidance.

Activity 6: Producing and Refining Intervention
Content
The objectives of activity 6 are to further seek service users’
views on acceptability, comprehensibility, and appropriateness
of the messages developed and suggestions for improvement.
In particular, the aims are to evaluate the reliability of
technology, comprehensibility, and acceptability of message
content; to produce and refine the intervention content; and to
describe and publish potential intervention(s) to be evaluated.
This will build further on activity 6 by testing actual messages
with participants. The intervention will be tested and modified

with input from approximately 10 to 20 clients identified by the
study team. It is anticipated that service users and health care
providers will be recruited to participate in this part of the study
in the same way as with activities 2 and 3. Information for
participants and consent forms will be adapted accordingly. If
a digital health intervention is developed, participants will be
sent intervention content to their mobile phones. The researchers
will seek comments regarding the messages and suggestions
regarding how messages could be improved via a subsequent
phone call. The participants’ responses will inform the final
modifications to the intervention.

Ethical Considerations and Research Governance
Ethical considerations, including informed consent procedures,
measures to protect confidentiality, and potential risks and
benefits to participants, are considered by participant type, as
follows. For all participants, the PIs will be responsible for the
overall informed consent procedures for the project. CS
undertook the Introduction to Good Clinical Practice course in
May 2012 and has experience in recruiting women seeking
abortion services for the Mobile Technology for Improved
Family Planning study in Cambodia. EO has experience in
undertaking ethnographic research with garment factory workers
in China and completed the Ethics in Social and Behavioral
Sciences course at SOAS in January 2016. They will ensure
that all researchers working on the project comply with the
consent procedures outlined in the protocol. All study
participants (provider managers, providers, and medical abortion
clients) will be informed about the purpose of the study and the
potential risks and benefits relating to their participation in the
study. Participants will be 18 years and older and interviewed
or engaged by researchers based in the United Kingdom and
Cambodia. All the study participants have the right to choose
to partake in the study or refuse to participate. Study staff will
be instructed to record all refusals and to attest to obtaining
informed consent from the study participants. Further details
of the consent procedures are described according to the type
of research participant.

In Cambodian abortion law, under certain circumstances,
parental consent for an abortion is required if the woman is less
than 18 years of age. Therefore, conducting research on
unintended pregnancy potentially raises issues that require
additional safeguards beyond the scope of the design of this
research project. For example, women may feel uncomfortable
to consent to participate and give honest answers if they are
younger than 18 years. The researchers accept the limitation
that the findings of the study will not be generalizable to women
younger than 18 years. In practice, the PIs do not feel that it is
appropriate to ask for proof of age. They will ask women how
old they are as part of the provision of information and consent
to participate in the project. If they report that they are less than
18 years of age, they will be informed that they will not be able
to participate in this research project. However, they will be
offered contact information for the MSI call center or the nearest
clinic if they have issues that they want to discuss further.

Taking adequate steps to protect the identity of all participants
is a significant assurance, given the ethical implications that
arise from the sensitive nature of the research. Protecting the
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privacy and confidentiality of participants will also be necessary
to overcome concerns that may otherwise prevent individuals
from participating in the study. In terms of data collection, data
collectors (including providers and research assistants) will be
trained to respect and understand how to safeguard participant
confidentiality and data protection. Study participants will not
be identified by name or by any other potentially identifying
information (such as pharmacy name or location) in any report
or publication resulting from study data. Material from
web-based sources (eg, chat transcripts, photos, etc) will be
gathered only with the consent of the research participants. To
mitigate the risks to participants’ privacy, researchers will
anonymize the source as much as possible of the material that
is gathered (eg, deleting the original sound files as soon as the
interview is transcribed and deleting information that might
make the interviewee recognizable from the transcript itself).
The potential benefits outweigh the risks: digital platforms are
increasingly used to search, exchange, and circulate information,
including health care information, but because of the semiclosed
nature of many of these platforms, very little is publicly known
about the details of how this happens.

In terms of data storage, participants’ contact information and
names will be stored separately from questionnaires/transcripts
on contact information sheets, which will link to the
questionnaire and interview data using a unique personal ID for
each participant. Contact information and informed consent
documents will be stored in a locked cabinet in a locked room
in the MSIC office. All the data forms/questionnaires will be
kept under the custody of authorized personnel in locked
cabinets. Data entry software, accessible only by study
investigators, will be password protected, and full database
access (also password protected) will be restricted. Data will
be stored for 5 years after the project and then will be deleted.
Photos will be downloaded daily from digital cameras or phones
onto the computer of the researcher who has taken them. They
will be subsequently deleted from the digital device and saved
only in the computer on a password-protected folder. The photos
will be labeled in a way to preserve people’s privacy as much
as possible, for example, through the use of pseudonyms and
by deleting or anonymizing with photo editing software photos
that might reveal personal data (eg, screenshots of mobile
phones where the phone number is visible). As with other
materials gathered, participants’ contact information and names
will be stored separately from questionnaires/transcripts on
contact information sheets, which will link to the questionnaire
and interview data using a unique personal ID for each
participant. Images will be analyzed through qualitative analysis
software, which will be password protected and accessible only
by the study investigators. Images will be used in presentations
and publications if the research participants consent. All images
that are not used for those purposes will be deleted 5 years after
the project, as per the data management plan. The risk of loss
of confidentiality may occur if any of these procedures are
inadvertently breached. All possible efforts will be made to
prevent this from happening.

Further Details of Factory Workers
Activity 1 is based on qualitative ethnographic methods. The
research participants will be contacted through the factory, with

which there will be a memorandum of understanding. The
researchers will do their utmost to avoid any factory worker
feeling pressured to participate in the research project. The first
phase of the activity will be observational, and the researchers
will spend time in the factory to become familiar with the
environment and with potential research participants. This will
give potential research participants the chance to become
acquainted with the researchers and to ask questions about the
research in an informal and group environment. To widen the
group of participants, the researchers will also rely on personal
contacts of the Cambodia-based researchers and on the networks
they will create once in the field, informing potential participants
of the research project and the consent procedure in the same
manner as in the factory. The researchers do not foresee more
than the minimal risk associated with this phase of the research.
Due to this and to minimize any concern about possible breaches
of confidentiality, they would like approval to use oral as well
as voluntary written consent. Owing to historical and cultural
reasons, requiring participants who are not well educated and
are from poorer backgrounds to sign written documentation,
such as consent forms, can heighten their perception of the risks
should confidentiality be breached. In addition, in Cambodia,
signed documents may be seen as political documents rather
than statements of legal facts or contracts designed to protect
the research participant. The informed consent process for
activity 1 will go as follows. At the beginning of the observation
process, the researchers will introduce themselves and their
research and tell participants that they would like to spend time
informally with them. They will make it clear that participants
can leave at any time or refuse any request to chat. If researchers
take photos or do recordings where individuals can be identified,
they will ask for permission to do so and explain how they will
use such material. The researchers will anonymize any such
materials as appropriate as soon as possible. For example, if
they take photos of mobile phone usage, they will download
the photos to their computers and blackout or photoshop
information that might make the participants recognizable, such
as phone numbers, avatars, and other personal information.
Before the first interview, researchers will verbally review the
points detailed in the consent form (Multimedia Appendix 2)
and ask for verbal permission to conduct the interview. If
audiotaping or photographing, they will also verbally review
the points detailed in the audio consent form and in the photo
consent form (Multimedia Appendix 2). If permission is given,
the researchers will ask participants if they are willing to sign
a written consent form (Multimedia Appendix 2). If the
participant declines to sign the written consent forms but gives
verbal permission, the researcher will offer the interviewee a
copy of the written consent forms for her records, complete the
oral consent form (Multimedia Appendix 2), and proceed with
the interview. If written permission is given, the researcher will
give the interviewee a copy for her records and archive the
signed consent form. The oral form is the written form read by
a native speaker and recorded as a sound file, which is then
distributed to potential participants (through mobile phone
Bluetooth, most likely) who have the time to listen, maybe with
trusted friends, to the description of the research project and
think about it before accepting to participate. The sound file
will also remain with them if they want to hear it again. This
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ensures that they have the time to process information about
the project and can provide informed consent without having
to rely on written forms. This is aligned with research that
suggests that alternatives to written consent are preferable
among certain populations, especially in developing countries
[20-22]. In ethnographic research, there is no expectation of
independently witnessed consent—in fact, in the case of
interviews, that might be considered a breach of the privacy of
the interviewee. If the interviewee agrees for the interview to
be recorded, then she will be asked to repeat this agreement on
tape. Again, it is important to stress that the level of risk for
activities 1 and 2 is rather different and that the process for
informed consent outlined for activity 1 is aligned with the
expectations and conventions of ethnographic fieldwork [23].

As previously mentioned, the researchers foresee minimal risks
for the research participants in this phase. Possible risks include
the participants being disappointed to be befriended by
researchers and then lose touch with them. To mitigate this risk,
researchers involved in this phase will accept any offer to stay
in touch with the participants on social media and remain friends
on the web until the participants desire so. The previous
experience of PIs who have worked together shows that most
research participants are not particularly interested in remaining
in touch with researchers but those who can often become
involved informally in the research as key informants and
sounding boards for researchers’ ideas. This could be a way to
involve research participants in the project in an active way, as
grassroot researchers rather than only a source of information
for the researchers, and make the project more grounded in the
local reality. A second possible risk is that those who participate
in the research might be seen with suspicion by coworkers and
other people in their environment. The researchers believe that
their approach is built to mitigate these risks as much as
possible, as they will enter the field site with the approval of
the factory management and spend a few days just observing
the environment and chatting informally to a large number of
people. Once potential research participants are identified, they
will discreetly be asked if they are interested in being
interviewed, and the place and time of the interview will be
decided by them. Finally, as with all research, there is a risk of
breach of confidentiality despite the procedures in place to
preserve it. Disclosure of participants’ responses outside of the
research would be highly unlikely to put them at risk or to be
damaging to their health, financial standing, employability, or
reputation.

Payments will only be made to compensate for travel expenses
and refreshments but not to represent an inducement to
participate. The researchers expect interviews to take place near
the factory and to be paying directly for snacks and
refreshments, rather than to reimburse research participants for
it. If travel expenses need to be reimbursed, the researcher will
follow the guidelines set out in section Further Details for
Women Seeking Abortion Services.

Further Details of Private Provider Workers
Each provider or factory infirmary manager and worker will be
asked to give their informed consent to participate by signing
a consent form. Providers will have as much time as they need

to consider and ask questions. If some workers of a private
provider do not want to participate, but the manager agrees to
participate, the provider will be included, but nonparticipating
staff members will not be expected to approach clients about
the study. If the manager does not consent for the provider to
participate, no other providers will be approached in that private
provider.

These are some potential risks associated with research with
private providers. Participating private providers may provide
medical abortion medications without prescription. The research
study will undertake a no harm approach to the situation by
informing participating providers about local regulations on
dispensing medical abortion drugs, but participating providers
who continue to provide medical abortion drug without a
prescription will not be reported to the authorities unless the
study team encounters situations that may pose significant risk
to study participants (eg, sales of misoprostol to women with
known gestational age >12 weeks or sales of products that
cannot be used to induce an abortion). In such cases, the provider
will be visited by a member of the MSIC team, who will explain
the risk this poses to the women affected and to the providers’
own business. The clinical team member will explain that if
this practice continues, the program may be compelled to alert
authorities about the risk. The details of participating private
providers and workers will be kept confidential. Reports will
not reveal the identity of participating private providers or
individual providers. There is a risk of breach of confidentiality
resulting in the identity of participating providers being revealed
and potentially revealing illegal practices (eg, off-label sales).
An initial consultation with selected providers will take place
before providers are formally approached to assess the
acceptability of the research procedures and the intervention.

Further Details for Women Seeking Abortion Services
The following recruitment and consent procedure for women
seeking medical abortion is adapted from studies recently, given
ethical approval to evaluate interventions to increase call center
support for pharmacy-provided medical abortion being
conducted by MSI in Zambia and Bangladesh. The recruitment
of study participants will be as follows. Preliminary inquiries
with private providers in the vicinity of garment factories
suggest that the number of women seeking medical abortion
can vary from a few per week to >30 per week. As it is common
for there to be several private providers in the vicinity of a
factory, it should be feasible to have a research assistant present
in the nearby area to work with providers to recruit participants.
Recruitment of study participants will involve private provider
workers being trained to recruit clients into the study working
together with the research team, and a memorandum of
understanding will be developed and agreed by both parties.
The details of this recruitment procedure are described in the
following paragraph. Consenting private providers will be
expected to ask clients seeking medical abortion whether they
are willing to participate in the study during enrollment periods.
Providers will be trained through an in-person visit to inform
clients purchasing medical abortion pills about the study using
a standardized script, to provide interested clients purchasing
medical abortion pills (regardless of indication) with a study
leaflet, to introduce interested clients to a member of the
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research team to hear more about the study or obtain their phone
number for a research team member to call them back, and to
explain that speaking to a member of the research team does
not constitute enrollment and the client can just hear more about
the study and then decide not to take part. To increase the
understanding of the generalizability of the study and
recruitment of women seeking medical abortion from providers,
it is necessary to keep a record about the number of clients who
purchase medical abortion pills and who agree or do not agree
to take part and are not informed of the study (eg, clients who
visit when the participating provider is busy or not present).
The record will not contain the words medical abortion or
directly refer to the names of the drugs being sold to reduce the
social and business risks to providers of keeping the form in
the premises.

The following payments to private provider procedures are
adapted from studies recently, given ethical approval to evaluate
interventions to increase call center support for pharmacy
medical abortion being conducted by MSI in Zambia and
Bangladesh. Consenting private providers will be expected to
ask medical abortion clients whether they are willing to
participate in the study during the study enrollment period. The
estimate is that it will take a maximum of 10 min to inform a
client about this study, time that could be spent focusing on
their business. Providers are also expected to remain committed
to the study over the study period, so their role in data collection
needs to be reflected in the reimbursement for taking part. Each
participating private provider will be compensated for the time
spent recruiting clients with payments of US $25 per week. In
addition, a similar payment will be considered for the use of a
private room in which to conduct interviews. To ensure that
providers are not under pressure to ask clients to participate in
the study against their will, the reimbursement will not depend
on recruitment performance. It will be explained that if none of
their clients are interested in participating, this will not affect
their relationship with MSIC or the amount of money they
receive from the study. As a result, providers have the option
to participate, take the incentive, and do not inform any
customers about the study.

Providers will be asked to keep track of the number of clients
requesting medical abortion at their facility. They will be asked
to record the number of clients who are informed of the study
and who are interested in or decline to participate. The tally
sheet will not include the word abortion, and the names of the
drugs sold will be coded to avoid the providers facing any social
or business risks because of stigma around medical abortion.
Providers will be asked to store these data in a confidential area.
The tally sheet will not have any information about individual
purchasers or providers.

The recruitment and interview steps are as follows. Women
seeking medical abortion services from participating private
providers will be invited to hear more about the study and
participate in it on the day they purchase the pills. The standard
medical abortion procedures are as follows. First, the client
attends a private provider requesting medical abortion. Next,
the provider will carry out the medical abortion provision as
per their standard practices with regard to any counseling on
medical abortion or any eligibility assessments they typically

conduct. The research procedures are as follows. For all clients
who choose medical abortion, after the client has purchased the
product to initiate medical abortion, they will be introduced to
the study by the provider and invited to learn more about the
study. Providers will introduce clients to the study using a
standard script and ask whether they would be interested in
speaking to somebody from the research team, who will give
them more information about the study. It will be explained that
speaking to somebody from the research team does not constitute
enrollment and will not affect any aspect of service provision.
Loss of confidentiality is deemed a potential risk to the study
participants. It is possible that women accessed medical abortion
without informing their close family or friends. It is likely that
the woman has kept her medical abortion pill use secret from
people she lives with or is close to. Several specific measures
will be taken to protect the confidentiality and anonymity of
medical abortion purchasers. Providers will be trained to
introduce the medical abortion pill purchaser to the study in a
confidential manner (eg, to ask the purchaser to move to a quiet
location to introduce the study and to avoid using the word
abortion when speaking to clients about the study, particularly
if there are other clients in the location). If a member of the
research team is present, the provider will introduce the women
to a member of the research team. If a member of the research
team is not present, then the provider will ask for the woman’s
phone number and explain that somebody from the research
team will call them. In this case, the woman will be asked what
phone number they would like to be called on and whether they
have any preference regarding the time of day for the call and
any other preferences regarding the return call. These details
will be recorded in a recruitment log. The woman will be asked
whether there is any risk of someone else answering the phone
and whether it is acceptable to ask for her by name and say that
the researchers are calling about a market research survey.
Research assistants will be told to ensure that women are in a
private place where they cannot be overheard before starting
the interview. Female research assistants will be used wherever
possible to prevent potential suspicion of infidelity resulting
from long phone calls with study participants. Either in person
or by phone, the research assistant will provide information
about the study. Study respondents will be asked whether they
would like to have more time to think about whether they want
to participate. Respondents will be given up to 48 hours to think
about whether they would like to participate and will be given
the option of receiving a call back from the research assistant
or calling back the research assistant themselves. If the
respondent provided informed consent, the research assistant
will then conduct a baseline interview and arrange a time for a
day 14 interview. The interviews will be conducted by phone
or at a place of the interviewee’s choice (eg, their home, MSI
clinic, or provider location), according to their preference. On
day 14, women will be recontacted at the agreed time for a
second interview by phone. If the woman does not pick up, the
research assistant will make up to 3 additional attempts to get
through. The research assistant will be trained to confirm the
woman’s identity and have a cover story about who they are
and reason for calling to ensure that women’s privacy is
protected. Research assistants will be women to reduce the risk
of suspicion of infidelity. At the end of the interview, a
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follow-up interview date and time will be arranged for a final
interview on day 30. On day 30, women will be contacted at
the agreed time for a follow-up interview. The same phone
procedures will be used as in the day 14 interview. The proposed
recruitment steps for this study differ from those undertaken
for the MSI study in Zambia, whereby women were asked by
the pharmacist to send an SMS text message with a unique code
word to the study team and subsequently called back by the
study team to receive more information on the study. This
project does not propose to either ask women to send an SMS
text message with a code word because previous research has
shown that the use of SMS text messaging is less common in
Cambodia because of literacy and phones not supporting the
Khmer script, and private providers have stated that this
recruitment method will be too complex. Furthermore, this study
differs from the Zambia study in that a research assistant will
be based on the location during the recruitment period.

There are some potential risks associated with conducting
research with women seeking medical abortion. Some questions
asked to women as part of the research are sensitive and risk
discomfort or distress. The clients will be reminded during the
consent procedure and each interview that they are free to leave
the interview at any time or skip any questions they do not want
to answer. If a client is experiencing health problems during
either interview, they will be referred to a Marie Stopes
Cambodia clinic or the call center for medical counseling.
Potential harm, such as intimate partner violence, could result
as a result of messages sent by the research team intended for
the participant being read or listened to by a third party. To
mitigate this, explicit consent to send SMS text messages or
voice messages will be sought, in addition to consent for
face-to-face and phone interviews. Initial messages will not
mention any terms related to abortion, contraception, or MSI
and take the form of the researcher asking, “how are you?” or
“if you have any problems, please call me.” The nature of
subsequent messages to be tested will be informed by the needs
assessment during activities 1 to 3. Any intervention content
that is tested will be followed up with a phone call to obtain
feedback. The research team will ask whether it is likely that
the messages could have been accessed by a third party and
about any harm that may have resulted from this. Participants
will be offered referral information if required at the end of each
interview, in case they have further questions about sexual and
reproductive health, and to address the fact that they might be
asked sensitive questions about intimate partner violence during
the study. All participants, regardless of whether they disclose
an experience of violence or not, will be offered information of
organizations providing support to women who have
experienced domestic violence. Interviewers will be familiar
with these organizations and will be able to provide further
information to participants if needed. The participant will be
told that she can call the study number if she needs further
information in the next 6 months and, after her final interview,
will be told she can contact the MSIC call center for referral
information at any time. Participants in the study will be women
who are self-administering medical abortion pills, and there are
medical risks of taking medical abortion medications without
adequate counseling or information. However, this is a risk that
women in Cambodia face every day regardless of their

participation in this study, and this study aims to find ways to
reduce this risk for women across the country.

Payments to participants will only be made to compensate for
travel expenses, refreshments, and mobile phone costs (SMS
text messages and phone calls) but not to represent an
inducement to participate. Thus, those participating in interviews
will be given US $3-$4 to compensate for travel and a snack if
they have to travel to meet the research team but not if they do
not have to travel. This rate is derived from MSIC experience
and is consistent with compensation for reasonable costs
incurred by acceptors in a donor-funded voluntary surgical
contraception program that is not considered an incentive. The
breakdown of the US $4 payment is as follows: (1) cost of
transportation (round trip) is US $2, US $1 per client for
refreshments during the procedure (this covers the cost of a
basic rice/meat meal) and a US $1 contribution to a phone card
(if the participant has incurred phone/SMS text messaging costs).

Results

The project was funded by the UK-based AHRC and Medical
Research Council (MRC) as part of their joint AHRC-MRC
Global Public Health Global Challenge Research Fund
Partnership Awards. The project began on October 1, 2018, and
will end on December 31, 2020. Ethical approval was obtained
from the LSHTM (April 4, 2018, LSHTM Ethics Ref: 14646),
from MSI (April 5, 2018, MSI protocol number: 003-18), and
by the Cambodian Ministry of Health (April 27, 2018, approval
number: 094NECHR). The team conducted 67 semistructured
interviews with female factory workers, women who sought
medical abortion, health providers, and mobile phone providers;
participant observation with factory workers and health
providers; and an analysis of YouTube and Facebook to
understand what kind of information is available, who creates
it, and how it is used. The team is currently conducting data
analysis, and findings are clustered around (1) the use of mobile
phones and digital resources for health-related and medical
abortion -related information, (2) the experience of medical
abortion care, and (3) the development of an intervention
through edutainment videos. The results from the project are
expected to be published between 2020 and 2021.

Discussion

In summary, this study aims to conduct a joint research project
using qualitative methods from a multidisciplinary perspective
to study health information gathering and sharing among factory
workers and reproductive health issues after medical abortion
in Cambodia from medical, cultural, and information-sharing
practice perspectives and to design a pilot intervention delivered
by mobile phones to support the reproductive health of women
who work in factories around Phnom Penh. To our knowledge,
this is the first study of this kind. Potential limitations are that
many researchers are not based in Cambodia. However, the
resulting cross-cultural interactions may result in additional
insights that might otherwise not have been obtained.

We plan to disseminate findings to 3 audiences. First, academics,
through academic publications and conference participation;
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second, practitioners, through workshops and training, one
half-day workshop in each country for academics and
practitioners, organized halfway through the project as a way
to present early findings and get feedback from experts. The
workshop in Cambodia will be organized with local partners;
and third, research participants. A working hypothesis is that
peer-to-peer communication is an effective way to engage

women in postabortion care. If fieldwork confirms this, a
training workshop for women in the target population (eg,
garment factory workers) who are interested in becoming
peer-to-peer counselors and for health care staff will be
organized to train them further in health communication and
on the best practices that emerged from the field.
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Abstract

Background: Assessment of pain is critical to its optimal treatment. There is a high demand for accurate objective pain assessment
for effectively optimizing pain management interventions. However, pain is a multivalent, dynamic, and ambiguous phenomenon
that is difficult to quantify, particularly when the patient’s ability to communicate is limited. The criterion standard of pain intensity
assessment is self-reporting. However, this unidimensional model is disparaged for its oversimplification and limited applicability
in several vulnerable patient populations. Researchers have attempted to develop objective pain assessment tools through analysis
of physiological pain indicators, such as electrocardiography, electromyography, photoplethysmography, and electrodermal
activity. However, pain assessment by using only these signals can be unreliable, as various other factors alter these vital signs
and the adaptation of vital signs to pain stimulation varies from person to person. Objective pain assessment using behavioral
signs such as facial expressions has recently gained attention.

Objective: Our objective is to further the development and research of a pain assessment tool for use with patients who are
likely experiencing mild to moderate pain. We will collect observational data through wearable technologies, measuring facial
electromyography, electrocardiography, photoplethysmography, and electrodermal activity.

Methods: This protocol focuses on the second phase of a larger study of multimodal signal acquisition through facial muscle
electrical activity, cardiac electrical activity, and electrodermal activity as indicators of pain and for building predictive models.
We used state-of-the-art standard sensors to measure bioelectrical electromyographic signals and changes in heart rate, respiratory
rate, and oxygen saturation. Based on the results, we further developed the pain assessment tool and reconstituted it with modern
wearable sensors, devices, and algorithms. In this second phase, we will test the smart pain assessment tool in communicative
patients after elective surgery in the recovery room.

Results: Our human research protections application for institutional review board review was approved for this part of the
study. We expect to have the pain assessment tool developed and available for further research in early 2021. Preliminary results
will be ready for publication during fall 2020.
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Conclusions: This study will help to further the development of and research on an objective pain assessment tool for monitoring
patients likely experiencing mild to moderate pain.

International Registered Report Identifier (IRRID): DERR1-10.2196/17783

(JMIR Res Protoc 2020;9(7):e17783)   doi:10.2196/17783

KEYWORDS

pain measurement; pain, postoperative; acute pain; health monitoring; wearable electronic devices; machine learning; multimodal
biosignals

Introduction

Background
Pain is the most common reason for patients to seek medical
care and is associated with many illnesses [1]. There is a high
demand for tools to assess patients’ pain in the clinical context.
Tools are needed especially when the patient’s own opinion is
difficult to obtain. Assessment of pain is particularly difficult
when the ability of a patient to communicate is limited (eg,
during critical illness, in infants and preverbal toddlers, or in
patients under sedation or anesthesia, with intellectual
disabilities, and at the end of life) [2]. How pain is assessed and
managed at the bedside is widely variable, and the prevalent
practices remain suboptimal [3]. Inadequately treated pain has
major physiological, psychological, economic, and social
ramifications for patients, their families, and society [4].
Undertreatment of pain could result in many adverse effects
and other complications and may evolve into chronic pain
syndromes. It could also cause delayed discharge or prolonged
recovery, which may incur higher health care costs and more
patient suffering [5]. Overtreatment of pain, on the other hand,
may result in unintended adverse consequences such as acute
respiratory complications or in long-term complications such
as opioid addiction. These issues are particularly pronounced
for noncommunicative patients who are unable to articulate
their experience of pain [6].

Automated and continuous pain intensity assessment for poorly
communicating patients can enable timely treatment, reduce
the monitoring burden on clinicians, and contribute to optimizing
the use of analgesics and managing side effects and
complications [7]. As pain intensity is difficult to quantify [8],
the criterion standard of pain assessment is self-reporting using
tools such as a visual analog scale (VAS) and numeric rating
scale (NRS) [9]. These tools are rife with deficits, which are
even more pronounced in vulnerable patient populations [6,10].

State-of-the-art automatic and objective pain intensity
assessment techniques described in the literature use
physiological data, obtained by monitoring the changes in
patients’physiological data, such as electromyography (EMG),
electrocardiography (ECG), photoplethysmography (PPG), and
electrodermal activity (EDA), to identify autonomic nervous

system reactions to pain. One of the most well-known pain
indicators is facial muscle activity. The facial nerve controls
voluntary and involuntary activity of the facial muscles. The
involuntary control of facial muscles is both protective and
emotional, signaling the experience of pain. Other objective
pain assessment tools include the surgical pleth index (formerly
the surgical stress index), based on analysis of the PPG
waveform and heart rate. Similarly, analysis of skin conductance
has been used as a surrogate for pain in clinical situations [11].

Objective
Wearable technology is a promising paradigm to integrate
several technologies and communication solutions [12,13]. The
aim of this research project is to develop an automatic and
versatile pain assessment tool algorithm for detection and
assessment of pain in a reliable and objective way in
noncommunicative patients. The final objective of the research
project is to develop a smart pain assessment tool to detect and
assess pain employing behavioral and physiological indicators
for a wide range of users and patients, from infants to elderly
people, who are unable to communicate normally.

The main research project consists of 3 study phases, which
Figure 1 describes. Phase 1 of the research project focused on
developing pain assessment techniques in voluntary healthy
adults. In phase 1, the usability, utility, and accuracy of the new
pain assessment tool were evaluated and tested in 30 healthy
working-age volunteers. We used state-of-the-art standard
sensors to measure bioelectrical EMG signals, as well as changes
in heart rate, respiratory rate, oxygen saturation, and galvanic
skin response. Based on the results, the pain assessment tool
was further developed and reconstituted with modern wearable
sensors, device, and algorithm.

Phase 2, described in this paper, involves the further
development of and research on a pain assessment tool in
patients likely experiencing mild to moderate pain. In phase 3,
we will conduct a trial to assess the effectiveness of the whole
platform in uncommunicative patients at 2 sites, both of which
will have both intervention and control groups. In the
intervention and control patients, continuous pain intensity
assessments will be collected by the sensors embedded in a
facial patch worn by all study patients.
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Figure 1. Study design for the development of a pain assessment tool.

Methods

Study Design
This protocol focuses on the second phase of a larger prospective
observational data collection study to collect training data from
patients likely experiencing mild to moderate pain (institutional
review board [IRB] approval from Human Research Protections
HS# 2017-3747). Figure 1 describes all study phases of the pain
assessment tool.

The IRB approved the recruitment of 30 participants selected
from the Acute Pain Service patient list at University of
California, Irvine Medical Center (UCIMC) in Irvine, CA, USA.
The Acute Pain Service unit at UCIMC serves over 100
participants weekly, enabling the lead physician to recruit
patients for this study. We will collect primary demographic
data from each patient, including height, weight, body mass
index, and sex.

Approximately 30 minutes of continuous biosignals (EMG,
ECG, and EDA) data will be collected from the participants.
We will separate this 30-minute period into 2 parts: control
(baseline pain) and experimental. Each part will consist of 2 to
3 challenge intervals in an attempt to capture pain perception
before, during, and after a stimulus, with appropriate rest periods
to make the statistical analysis more powerful.

In the control part, we will use a transcutaneous electrical nerve
stimulation (TENS) unit [14] to obtain the patient’s baseline
pain level by placing the TENS on the participant’s forearm
and consistently prompting for NRS pain scores. We believe it
is prudent to provide some level of baseline assessment above
the patient’s existing postsurgical pain to attempt to find a
baseline of pain for comparison among participants. Therefore,
we are using TENS as a means of standardizing the patient
threshold for experiencing pain and as a way to keep the data
consistent with the previous phase of the study conducted on
healthy volunteers.

In the experimental part, patients will be engaged with soft
activities (eg, walking, coughing, sitting, lifting legs) that may
cause a pain sensation. The participant’s experience of pain will
be recorded using NRS. The NRS for pain is a unidimensional
measure of pain intensity and a segmented numeric version of

the VAS, in which a respondent points to a number (integers
from 0 to 10) on the NRS that best represents the intensity of
their pain [15]. The usual format is a horizontal bar or line.
Similar to the pain VAS, the NRS is anchored by terms
describing pain intensity extremes [16]. We expect to find
solutions from multiple parameters that are robust in response
to different acute pain cases or study designs. All protected
health information will be redacted prior to data analysis.

Participants
The prospective study will be conducted at UCIMC. The
primary study population will comprise adults ranging in age
from 18 to 89 years. The maximum number of patients to be
asked for their consent and data collection, including
withdrawals, is 30. We expect 20 to complete the study.

Eligibility Criteria
Participants who are enrolled on this UCIMC protocol must
meet the following criteria: (1) are aged 18 years or older, (2)
will be consulted by the APS, (3) have the ability to
communicate, (4) have provided written informed consent, and
(5) have healthy, intact facial skin. Participants will be excluded
if they have (1) any diagnosed condition affecting cognitive
functions (eg, dementia, psychosis), (2) hand deformities that
prevent the sensor from being placed, (3) any diagnosed
condition affecting the central nervous system, or facial nerves
or muscles, or (4) significant facial hair growth in the area where
the sensors will be attached.

We must consider the natural variation in caseload (such as
trauma and elective procedures) specific to both of our
institutions’ regions, coupled with the fact that the recovery
period is different for each patient. All candidates considered
for enrollment universally will be experiencing postoperative
pain during their hospitalization, and all will be receiving
analgesic treatment. The study team ensures that patient safety
will not be compromised while maintaining regulatory
compliance, and future studies will be aimed at multicenter
studies with a larger, diverse sample size to support
generalizability.

Recruitment
After IRB approval, we will screen the medical records at
UCIMC, to which APS has access, to determine patient
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eligibility using the protocol inclusion and exclusion criteria.
The anesthesiologist will approach their patients directly about
study participation at the University of California Irvine Douglas
Hospital, Orange, CA, USA. The study procedure will be
continued if patients show interest and are suitable for the study
(according to the inclusion and exclusion criteria). The study
physician will explain the study in detail, providing both oral
and written information. If a patient decides not to participate
in the study, the study will be discontinued for this patient. If
the patient is still willing to participate, the study participant
enrollment log will be updated accordingly. During the study,
participants’experience of pain intensity will be recorded using
the NRS.

Informed Consent
Eligible patients will be given a consent form to consider until
the following day, when the study physician will follow up
regarding their participation. We encourage all participants to
discuss study participation with their family and friends before
consenting. Patients will be enrolled in the study only after one
of the investigators has reviewed the consent form with each
patient, ensuring that the patient has understood the study, has
answered all questions, and has provided written informed
consent. Patients are also informed about their right to withdraw
from the study at any time, that their participation is voluntary,
and that withdrawal would not affect their patient care.

Clinical Trials

iHURT
iHURT is a system that tracks changes in the activity of facial
muscles (ie, changes in facial expressions) developed at the
University of Turku, Finland. It simultaneously uses
physiological signs such as heart rate, heart rate variability,

respiratory rate, and EDA as adjuvant measures as we attempt
to develop an algorithm for pain assessment in hospitalized
patients. The technology used in this study to capture the
aforementioned signals includes the following components.

Eight-Channel Biopotential Acquisition System for EMG
and ECG Recording
EMG and ECG are both biopotential signals captured from the
skin surface. We developed the system used to collect them in
our previous work [14]. The system includes commercially
available electrodes (eg, in 24-mm diameter),
electrode-to-device lead wires, an ADS1299-based portable
device, and computer software (LabVIEW version 14.0f2,
National Instruments) receiving streaming data from the portable
device. The small analog potentials sensed from the skin surface
are amplified (maximum gain: 24) and digitized, and the raw
data of each channel at the rate of 500 samples per second are
sent to the computer software through Bluetooth. The software
visualizes the waveforms and saves the raw data into files.

The device is configured to work in single-ended mode, called
a monopolar electrode configuration, where the potential in
each channel is measured between the electrode on the target
site and the common reference electrode. The common reference
electrode is placed on a neutral bony area behind the ear. For
this reason, 2 channels are used to collect the lead I ECG, as
Figure 2 illustrates. One channel measures the potential between
the ECG on the right arm and the reference, and the other
channel measures the potential between the ECG on the left
arm and the reference. A further 5 channels are for facial EMG
measurement, which monitor the activities of 5 facial muscles:
frontalis, corrugator supercilii, orbicularis oculi, levator labii
superioris, and zygomaticus major. The electrode placement
follows the EMG research guidelines [15].
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Figure 2. Setup of the biopotential acquisition system on the patient. ECG: electrocardiogram.

Empatica E4 Wristband for EDA and PPG Recording
As a sensitive and convenient measure of indexing changes in
sympathetic arousal associated with emotion, cognition, and
attention, EDA has been widely used in psychological studies
[16] and in some commercial devices. As a noninvasive and
low-cost measure of monitoring changes in blood volume, PPG
has been widely used in health studies.

To monitor EDA and PPG, we use the commercially available
Empatica E4 (Empatica Inc, Boston, MA, USA) wristband. The
wristband will permit participants to maneuver more easily, as
it will not impede their movements and will reduce the time of
each patient encounter because it is considerably easier to
position on the patient. The wristband has an internal memory
that can record up to 36 hours of data and allows for wireless
data transmission. The E4 wristband is rechargeable, with a
charging time of less than 2 hours. It includes an EDA sensor,
which measures the constantly fluctuating changes in certain
electrical properties of the skin. This device can also
noninvasively monitor blood volume pulse PPG in real time
through green and red light-emitting diodes.

TENS Device
The TENS device is a US Food and Drug Administration
(FDA)–cleared Class II over-the-counter HealthmateForever
YK15AB (HealthmateForever, Lenexa, KS, USA)
electrotherapy device. The TENS unit works by delivering small
electrical impulses through electrodes that have adhesive pads
to attach them to a person’s skin.

Data Collection
For patients who have consented to participate, a study team
member will explain what will happen in the next 30 minutes,
how to report their pain level, and what the NRS is. The team
member will demonstrate how the TENS unit works on
themselves with separate electrodes and explain that it is not
harmful. Then, the following components will be placed on the
participant: (1) the 8 leads of the EMG and ECG, (2) the
Empatica E4 sensor, and (3) the TENS unit on the contralateral
arm.

The biopotential acquisition device will be connected to the
study analyst’s laptop and the Empatica E4 will be connected
to the study analyst’s iPhone, both over Bluetooth. Data
recording will begin after the study participant, clinical
researcher, and study analyst are ready. The start of the
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recording period will be marked on the computer. Data from
the sensors will be collected for a maximum period of 30
minutes. In addition, patients will be asked to complete the
following parts of the procedure.

First, in the control part, after the study equipment is placed on
the participant, a member of the study team will turn on the
TENS device while the patient is sitting. Patients will be asked
to slowly increase the TENS unit level on the contralateral arm
to the highest tolerable level for them, rest for at least 10
seconds, and then decrease it to level 0, including an additional
rest between TENS challenges. At each point the study team
member will ask for the NRS pain score. During this period,
the other devices will be simultaneously collecting physiological
data.

Second, during the experimental part, as the patient is resting
in the transition between the control and experimental part, the
TENS unit will be disconnected. Then, patients will be engaged
with soft activities (eg, walking, coughing, sitting, lifting legs)
that may cause a pain sensation wearing the noninvasive devices
connected excluding the TENS device. At each point (before,
during, and after activity performance), the study team member
will ask for the NRS pain score. During this period, the other
devices will be simultaneously collecting physiological data.

Each part will consist of 2 to 3 challenge intervals in an attempt
to capture pain perception using NRS before, during, and after
a stimulus with appropriate rest periods to make the statistical

analysis more powerful. During this period, the other devices
will be simultaneously collecting physiological data.

Software for Data Display and Storage
We will use data acquisition software (LabVIEW version 14.0f2)
to capture data from the device and sensors. As mentioned
above, 2 devices will transmit data wirelessly through Bluetooth
and 1 via a serial wired USB. The computer with Bluetooth
USB adapters receives data from these sensor nodes. We
developed a LabVIEW program in Windows for real-time
waveform plotting, marking time stamps, and saving the raw
data along with the time stamps. The waveform plotting function
ensures checking of data validity during measurement. Raw
data will be saved for offline processing and analysis.

Algorithm for Pain Data Analysis
The pain intensity assessment algorithm will be developed after
the data collection phase, including basic signal preprocessing
and a machine learning algorithm. The designed algorithm will
be built based on the preliminary algorithm from phase 1 of the
study and will be verified and compared between the 2
databases.

Statistical Analysis

Sample Size Calculation
Figure 3 illustrates how multidimensional data obtained during
phase 1 of the study can be processed and reduced to 2
dimensions for visualization by principal component analysis
[17] to demonstrate different pain levels.

Figure 3. Principal component (pc) analysis of different pain levels showing all tests.

Figure 4 shows receiver operating characteristic curves of
multidimensional data classification with an artificial neural
network [18]. The results are consistent with the data
visualization in Figure 3, where moderate to severe pain (shown
in red) can be differentiated from no-pain samples (shown in
blue). Jiang et al [19] previously published a comprehensive
machine learning analysis of the phase 1 data. Our phase 1
results showed 76.7% accuracy when we used

leave-1-participant-out cross-validation, showing that the data
can be generalized. We also explored solutions for remote pain
assessment in phase 1. We designed and implemented an
electronic health system consisting of biosignal measurement
and a wireless transmission device, online data processing in
the cloud, and a remote data presentation webpage for the
caregiver [19].
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Figure 4. Receiver operating characteristic (ROC) curves of training, validation, and test datasets.

For phase 2, we will attempt to further improve the accuracy of
the electronic health system and identify proper personalization
methods based on the demographic data, the profile of the
patient when admitted to hospital, and the biosignals collected
from the patient. For the prospective study, we will recruit
patients who meet the inclusion criteria. We will take into
account the attrition rate and will have a maximum enrollment
of 30 participants. We calculated this sample size taking into
account the receiver operating characteristic analyses from the
previous phase results [19,20].

Planned Analysis
We will design a multimodal software tool for signal processing,
data fusion, and machine learning for pain assessment and

classification based on the processing flow developed from
study phase 1.

The analysis of pain can be broken down into the following
stages: data preprocessing, filtering, feature extraction, and
classification (Figure 5). Different modalities collected from
patients such as EMG, ECG, and EDA signals are labelled with
the patient’s self-reported pain level. Once we extract these raw
signals, we will use their corresponding timestamps to help
synchronize the data and better understand the changes in
physiological signs when pain is induced.
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Figure 5. Block diagram of planned analysis.

The next step is to digitally filter out the noise produced during
data collection. Noise can be caused by multiple sources. For
example, motion artifacts, baseline wander, and power channels
are all common sources of noise in a clinical setting. The low-
and high-frequency noise is digitally filtered using a Butterworth
filter and the necessary frequencies are allowed to pass through
using a bandpass filter.

For optimal classification performance, we will extract features
from multiple signal domains and approaches, for example,
statistical features and entropy extracted from the signal time
domain and the frequency domain [20]. We will further optimize
the extracted multiple features in combination to reach a balance
between classification performance and computation complexity.
These features are receptive to changes in pain stimuli and
therefore are good factors in determining an individual’s pain
levels.

Finally, once we obtain these features and their corresponding
pain labels, we can use machine learning techniques to train
models based on these data. Furthermore, we will automatically
classify and predict the pain levels of any future patients using
this existing model.

Outcome Variables
The final outcome of phase 2 is the prediction of patients’ pain
levels based on metrics such as accuracy, sensitivity, specificity,
and the area under curve with respect to patients’ self-reported
NRS as the reference standard.

Results

We have started implementing the protocol, and we are in the
process of data collection. We expect to complete the analyses
in early fall 2020 and then publish them. The dataset will be
available for further research in early 2021.

Discussion

Contributions
This is, to our knowledge, the first protocol for collecting
physiological signals from patients with postoperative pain for
the development of an automatic pain assessment tool. Existing
databases have targeted several types of pain, for example,
chronic pain [21], neonatal pain [22], shoulder pain [23], or
experimental acute pain [24-26], but not postoperative pain.
The proposed methods and database will fill the gaps in
developing and testing automatic pain assessment tools for
clinical acute pain.

The proposed data collection protocol is for multimodal
development, similar to some of the aforementioned databases
[21,24-26]. However, it includes a variety of signal sources for
development not included in existing databases, covering more
than indices for autonomic nervous activities such as ECG,
EDA, and PPG and nonverbal pain behaviors such as facial
expressions and body postures. Thus, the proposed method
could provide additional information by merging prior
knowledge for each signal (eg, [27,28]) with new types of data.

Strengths
Although the data collection focuses on postoperative pain, we
included a controllable experimental pain stimulus, which was
induced separate from the movement inductions. The benefit
of this design is twofold. First, the physiological responses to
each stimulation can be compared with each other in terms of
similarity and difference within the database. Second, this design
connects this study to previous studies using experimental pain
stimulation only, where pain threshold (the stimulus intensity
at which pain begins to be felt) and pain tolerance (the maximum
pain intensity a person is able to tolerate) were mainly used as
pain self-reports.

Limitations
The main limitation is the presence of noise (or incorrect labels),
making machine learning difficult. Although a certain level of
noise has been shown to be positive in order to obtain a more
tolerant and robust algorithm, given the real day-to-day data,
the noise ratio must be low so that this does not interfere with
machine learning. In our case, noise comes mainly from the
cognitive difference in pain levels and motion artifacts. These
artifacts can be from several sources, such as the movement of
the electrodes on the face while the patient is talking.

Another limitation of this protocol is that some physiological
parameter changes (eg, elevated heart rate) can result from a
compound reaction to both pain stimulus and the motion itself.
However, these two factors cannot be separated within the same
patient, that is, moving without causing any pain. One solution
could be recruiting healthy controls to make the same motions
and to observe the physiological parameter response difference
from postoperative patients.

Conclusion
This study will help to further the development of and research
on an objective and self-aware pain assessment tool for
monitoring patients in clinical settings using both behavioral
and physiological indicators. The resultant solution will be an
automatic, user-centered, and versatile pain assessment system,
based on the internet of things.
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Abstract

Background: The use of mental health mobile apps to treat anxiety and depression is widespread and growing. Several reviews
have found that most of these apps do not have published evidence for their effectiveness, and existing research has primarily
been undertaken by individuals and institutions that have an association with the app being tested. Another reason for the lack
of research is that the execution of the traditional randomized controlled trial is time prohibitive in this profit-driven industry.
Consequently, there have been calls for different methodologies to be considered. One such methodology is the single-case design,
of which, to the best of our knowledge, no peer-reviewed published example with mental health apps for anxiety and/or depression
could be located.

Objective: The aim of this study is to examine the effectiveness of 5 apps (Destressify, MoodMission, Smiling Mind, MindShift,
and SuperBetter) in reducing symptoms of anxiety and/or depression. These apps were selected because they are publicly available,
free to download, and have published evidence of efficacy.

Methods: A multiple baseline across-individuals design will be employed. A total of 50 participants will be recruited (10 for
each app) who will provide baseline data for 20 days. The sequential introduction of an intervention phase will commence once
baseline readings have indicated stability in the measures of participants’ mental health and will proceed for 10 weeks.
Postintervention measurements will continue for a further 20 days. Participants will be required to provide daily subjective units
of distress (SUDS) ratings via SMS text messages and will complete other measures at 5 different time points, including at
6-month follow-up. SUDS data will be examined via a time series analysis across the experimental phases. Individual analyses
of outcome measures will be conducted to detect clinically significant changes in symptoms using the statistical approach proposed
by Jacobson and Truax. Participants will rate their app on several domains at the end of the intervention.

Results: Participant recruitment commenced in January 2020. The postintervention phase will be completed by June 2020. Data
analysis will commence after this. A write-up for publication is expected to be completed after the follow-up phase is finalized
in January 2021.

Conclusions: If the apps prove to be effective as hypothesized, this will provide collateral evidence of their efficacy. It could
also provide the benefits of (1) improved access to mental health services for people in rural areas, lower socioeconomic groups,
and children and adolescents and (2) improved capacity to enhance face-to-face therapy through digital homework tasks that can
be shared instantly with a therapist. It is also anticipated that this methodology could be used for other mental health apps to
bolster the independent evidence base for this mode of treatment.

International Registered Report Identifier (IRRID): PRR1-10.2196/17159

(JMIR Res Protoc 2020;9(7):e17159)   doi:10.2196/17159
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Introduction

Background
Mobile health apps for smartphones and tablet devices have
become a lucrative business, with worldwide expenditure
estimated to be over US $92 billion [1]. Apps are increasingly
being used to monitor, assess, and improve mental health. There
are now more than 10,000 publicly available mental
health–specific apps [2]. Most of these apps lack published
evidence for their effectiveness, making it difficult for clinicians
and consumers to know which app is the most appropriate [3].
Currently, choices are made using reviews and ratings available
in app stores [4], but these can produce unreliable results [5].

Although effective treatments for anxiety and depression exist,
many people do not access these for various reasons [6].
However, with ownership of smartphones being at 70% of the
global population and rising [7], mental health apps potentially
offer a partial solution to limitations in service availability and
acceptability.

Previous Research
Published reviews have found that mental health apps can be
effective for reducing anxiety [8] and depression [9] with an
overall effect size of small to moderate [10]. Within this
research, there are some notable shortcomings, including
substantial heterogeneity across studies. For example, there
have been differences in dosage [11,12] duration of interventions
[13,14] and the absence of long-term follow-up data [15].

Another limitation of previous research is that most of it has
been carried out by individuals who have developed the app,
who have stood to gain financially from its sales, and/or who
were otherwise associated with it [3]. For instance, a recent
review of app stores found that only 1.02% of mental health
apps offering therapeutic treatment for anxiety and/or depression
had been evaluated using independent research [3]. Furthermore,
in a meta-analysis of 9 studies on apps targeting anxiety [8] and
in another meta-analysis of 18 studies on apps targeting
depression [9], none involved independent research or
replication (note that some studies were included in both
meta-analyses).

A possible reason for the lack of research on apps is the time
factor for large-scale experimental designs. Specifically,
randomized controlled trials (RCTs) that demonstrate the
efficacy of an intervention by measuring and comparing the
outcomes of matched treatment and control groups are often
lengthy to conduct. This is a barrier to achieving results in a
time frame that is acceptable to the profit-driven app market.
In the time it takes to complete an RCT, the app being studied
may have been updated or disappeared from the market
altogether as newer apps with enhanced features emerge in its
place. Furthermore, RCTs are not necessarily the most
appropriate study design for every situation, with another
limitation of RCTs being lower ecological validity [16].

Single-Case Designs
Single-case research designs address the issue of ecological
validity by testing the effectiveness of an intervention for

individuals (ie, performance under real-world conditions).
However, single-case designs can also control for threats to
internal validity and thus test for the efficacy of a treatment.
Such designs go beyond a study with a sample of one participant
and involve continuous and repeated measurements, random
assignment, sequential introduction of the treatment, and specific
data analysis and statistics [17]. Robust results in clinical
psychology and behavioral science can be demonstrated when
benefits are shown in 3 to 5 cases [18-20]. A single-case design
is also safer than an RCT for vulnerable participants because
their well-being is monitored by gathering and analyzing data
more frequently during the study, and treatment can be altered
if there is a clinically significant decline in status [21,22]. For
mental health apps, single-case designs are a viable alternative
for accelerating the evidence base [23,24].

Objectives and Aims
The main objective of this study is to use a single-case design
to examine the effectiveness of 5 mental health apps that purport
to have efficacy for reducing symptoms of anxiety and/or
depression.

This study seeks to answer the following research questions:
(1) Do the apps in this study provide clinically significant
improvements in symptoms of anxiety and/or depression? (2)
What individual characteristics of participants influence the
results in this regard? and (3) What individual characteristics
of the apps influence the results?

The only hypothesis to be tested in this study is based on
question 1:

• Hypothesis 1: the use of apps will produce improvements
in mental health and well-being in line with the 3-phase
model of psychotherapy outcomes [25].

The Howard et al [25] model proposed that the outcome of any
psychotherapeutic intervention will involve progressive
reductions in subjective distress, then symptomatology, and,
finally, an increase in overall life functioning.

Methods

Study Design
This study is registered with the Australian and New Zealand
Clinical Trials Registry (ANZCTR), which is a primary registry
in the World Health Organization Registry Network (registration
number: ACTRN12619001302145p).

A multiple baseline across-individuals design will be employed.
Multiple baseline designs in mental health intervention studies
are those where a baseline period of stability of symptoms is
established before the intervention is introduced. In this way,
each participant acts as their own control, and internal validity
is demonstrated when there is no change in symptoms until after
the treatment is introduced [18]. In the design to be used in this
study, all participants commence the baseline period at the same
time but start the treatment at different times after a minimum
number of daily data readings (at least 20) have been received.
This sequential commencement approach further strengthens
the internal validity by reducing the likelihood of history,
maturation, or other extraneous factors explaining any observed
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emotional or behavioral change that occurs simultaneously with
the introduction of the treatment. The multiple data recordings
allow for the use of analytical techniques such as a time series
analysis [20,26] and will involve participants reporting ratings

of subjective units of distress (SUDS) via SMS text messaging
using a 10-point scale. In this design, 4 or more baselines are
recommended [18,20], and these will follow the pattern shown
in Figure 1.

Figure 1. Overview of the proposed study design.

This research will use a prescribed dosage approach, as if the
app was a digital antidepressant: one 10-min dose of app use
per day for 5 days per week. The 10-week intervention period
creates equivalence with one 50-min session per week for 10
weeks, which is the annual maximum number of psychology
sessions rebated under Australia’s Medicare system [27]. The
rationale for a minimum 3-week postintervention period (to
demonstrate the stability of the treatment effect) is similar to
that described earlier, namely, that 20 daily SUDS ratings are
needed for a valid data analysis. The justification for using the
5 chosen apps are as follows: (1) each has some evidence of
efficacy published in a peer-reviewed journal, (2) all have
publicly available free versions, and (3) all can fit the prescribed
dosage approach. The chosen apps use 3 popular evidence-based
frameworks employed across mental health settings for treating
anxiety and/or depression: cognitive behavioral therapy (CBT),
mindfulness, and positive psychology. Finally, the rationale for
using 10 participants per app is that, even accounting for a 50%
to 60% attrition rate [28], approximately 3 to 5 participants per
app will provide enough data for a valid statistical analysis using
time series conventions. As previously noted, this number of
replications in a single-case design with similarly presenting
individuals can produce robust and generalizable findings if the
results are comparable in each case [18-20].

Recruitment
Commencing in January 2020, participants will be recruited
throughout Australia by advertising the proposed study to
nongovernment organizations that run programs for clients with
mental illness (eg, the Benevolent Society), contacting
associations of mental health professionals that may alert their
members to the proposed study (eg, Australian Psychological
Society), and contacting support groups and other organizations

in the mental health sector (eg, Mental Health Victoria),
requesting they advertise the proposed study on their various
social media platforms. The advertisement is shown in
Multimedia Appendix 1. Recruitment will cease once 50
participants are recruited. Owing to the nature of the proposed
study design, new participants cannot commence after the study
has started because the multiple baseline design requires
participants to begin at the same time and then have specifically
staggered phase commencements after that. Figure 1
demonstrates this process.

All 50 participants (10 for each app) will be randomized to an
app and their position in the single-case design (ie, P1 to P10)
using the web-based random number generator, Research
Randomizer [29]. The full inclusion and exclusion criteria are
presented in Textboxes 1 and 2, respectively. A financial
reimbursement will be offered to participants of Aus $0.50 (US
$0.33) per daily SUDS rating sent via a text message. The
researchers acknowledge that financial payments have the
potential to interfere with ecological validity, because a person
in the community would not normally be paid for using a mental
health app, and intrinsic motivation, because people could
potentially use the app for the benefit of financial remuneration
rather than for the value of improving their mental health.
However, the low amount of remuneration being offered of
approximately Aus $45.00 (US $29.41) on average is not
considered payment for participation in the proposed study but
rather reimbursement of personal expenses incurred while taking
part in the proposed study. Given that the effectiveness of mental
health apps has the potential to benefit those from low
socioeconomic groups, being reimbursed for providing in excess
of 80 text messages will alleviate reasons that a potential
participant of lower socioeconomic background could provide
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for being out of pocket for the cost of sending text messages
from their mobile phone. Therefore, it is envisaged that
prospective participants will more likely have motivation to
improve their mental health beyond receiving financial

remuneration. In addition, this financial incentive will not be
advertised, and participants will only learn about this when they
provide consent when completing the demographics
questionnaire.

Textbox 1. Study eligibility: inclusion criteria.

Inclusion criteria:

• 18 years of age or older

• Ability to read English

• Have access to a smartphone or tablet device capable of connecting to the internet and downloading the required app and sending and receiving
SMS text messages

• Agreeable to providing daily subjective units of distress ratings via SMS text messages and to completing self-report measures at 5 different time
points (including 6-month follow-up)

• Mild-to-moderate anxiety and/or depression, diagnosed by a qualified health professional and confirmed by the researchers (all of whom are
clinical psychologists) after screening. Screening involves analyzing the participants’ scores on the first completed set of outcome measures: the
Depression Anxiety Stress Scale-21 short-form version and the Outcome Questionnaire-45 second edition version. For more information on
these, see the Mental Health and Well-Being subsection.

Textbox 2. Study eligibility: exclusion and removal criteria.

Exclusion criteria:

• Severe anxiety and/or depression, as indicated by the initial outcome measures and in any responses to specific questions in the demographics
questionnaire

• History of psychosis or other complex mental health presentation as deemed by the researchers to be unsuitable for participation in this research.
There will be a question in the demographics questionnaire that asks participants for their complete mental health diagnoses

• Current suicidal ideation, as indicated by a participant’s responses on the initial outcome measures

Removal criteria:

• Not providing any subjective units of distress rating for a 2-week period

• Not providing a minimum of 20 subjective units of distress ratings in the baseline and postintervention phases or a minimum of 40 subjective
units of distress ratings in the intervention phase

• Not completing outcome measures either preintervention or postintervention

• Clinically significant/unsafe decline in mental health as indicated by subjective units of distress ratings or outcome measures or in the judgment
of researchers

• Suicidal ideation

Materials
Participants will supply their own smartphones and/or tablet
devices. In total, 5 different apps will be used: (1) Destressify
[30,31], (2) MoodMission [32-35], (3) Smiling Mind [36,37],
(4) MindShift [15,38], and (5) SuperBetter [39,40].

All the apps are supported by published research demonstrating
statistically significant efficacy for the treatment of anxiety
and/or depression. Each app has an accompanying website with
further information and an accessible privacy policy. Detailed
information about each app and its accompanying research is
provided in Multimedia Appendix 2.

Measures
A number of measures of participants’ experiences and
outcomes will be used, as described in the following sections.

Biographic and Demographic Features
The demographics questionnaire has been developed by the
researchers to obtain information that will be examined to
ascertain if any patterns in the outcome data are related to
aspects of an individual’s demographic profile. Areas covered
include mental health literacy [41], motivation to change [42],
chronicity of anxiety and/or depression [43], and technology
proficiency, all of which may influence results. Multimedia
Appendix 3 contains the complete demographics questionnaire
and all other measures used in this research.

Mental Health and Well-Being
A 3-phase model of psychotherapy outcomes [25] is applied.

1. Subjective well-being: SUDS ratings—participants rating
their well-being in response to the question, “How do you
feel today?,” with 0 indicating no distress and 10 indicating
worst distress [44].

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e17159 | p.325https://www.researchprotocols.org/2020/7/e17159
(page number not for citation purposes)

Marshall et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


2. Symptoms: the Depression Anxiety Stress Scale-21
short-form version (DASS-21) [45]. Participants rate their
experience of symptoms of depression, anxiety, and stress
over the previous week on a 4-point scale, ranging from 0
(did not apply to me at all) to 3 (applied to me very much
or most of the time). Items in each subscale are summed to
provide scores for symptoms of depression and anxiety,
with higher scores indicating greater severity of
symptomatology. The total scores for depression and
anxiety subscales are multiplied by 2 to interpret the norms
[46,47]. Severity ratings for the depression subscale are 0-9
(normal), 10-13 (mild), 14-20 (moderate), 21-27 (severe),
and ≥28 (extremely severe). Norms for the anxiety subscale
were set as 0-7 (normal), 8-9 (mild), 10-14 (moderate),
15-19 (severe), and 20+ (extremely severe). The DASS-21
has been shown to demonstrate sound psychometric
properties and validity [48].

3. Life functioning: the Outcome Questionnaire-45 second
edition version (OQ-45.2) [49] is a 45-item self-report scale
that measures overall interpersonal relationships and social
role functioning in adults aged 18 years and older [50]. An
index for overall life functioning is calculated [51].
Participants rate their feelings over the previous week on
a 5-point scale, ranging from 0 (never) to 4 (always). The
scale consists of both positive and negative items that are
reverse-scored; higher scores indicate greater symptoms of

distress and difficulties in interpersonal relations. A total
score of ≥63 is indicative of clinically significant symptoms,
with the subscale cutoffs for clinical significance being 35
for symptom distress, 14 for interpersonal relations, and 11
for social role [51]. The OQ-45.2 has demonstrated high
internal consistency (α=.90) and test-retest reliability of
r=.84 over a minimum 3-week period [52]. The OQ-45.2
has also shown good construct and concurrent validity in
a community sample when using the total score as opposed
to interpreting the 3 individual subscales [53].

Experience of App Usage
The Mobile Application Rating Scale-user version (uMARS)
[54] is a 20-item questionnaire that records an individual’s rating
on the quality of a mobile app. It contains multiple-choice and
Likert-type responses and a free text field allowing users to
provide a qualitative description of any aspect of the app or
their experience of using the app that they wish to comment on.
The uMARS contains 5 subscales: engagement, functionality,
aesthetics, information quality, and a subjective quality
appraisal. It has been found to have excellent internal
consistency (α=.90) and good test-retest reliability [54].

Procedure
Figures 1 and 2 illustrate the phases of this research. Recruitment
commenced in January 2020.
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Figure 2. Flowchart of study and participant involvement.

Phase 1 (Prebaseline)
Web-based links to the information sheet for participants and
consent form, the demographics questionnaire, and the mental
health and well-being outcome measures (DASS-21 and
OQ-45.2) are sent by email and SMS text messages and
completed digitally by participants using the Qualtrics survey
platform [55] and the OQ-Analyst platform [56]. Participants
are screened for suitability to be in the proposed study by having

their outcome measure and demographics questionnaire
responses analyzed for evidence of severe anxiety and/or
depression, suicidal ideation, or the presence of other severe
mental illnesses such as psychosis. If researchers require further
information from any participant, the participant will be
contacted to clarify any queries or concerns. If a participant is
deemed inappropriate for the proposed study, she/he will be
directed by the researchers toward more appropriate forms of
care.
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Phase 2 (Baseline)
Accepted participants provide daily SUDS ratings for a
minimum of 20 days or until a stable baseline profile of current
psychological distress is achieved. At the end of this phase, the
mental health and well-being outcome measures (DASS-21 and
OQ-45.2) are completed.

Phase 3 (Intervention)
Participants are provided with generic instructions for all apps,
links to both the Apple App Store and Google Play Store for
their app, and specific instructions on how to use their app once
it is downloaded (Multimedia Appendix 2). In addition, website
links to information on the type of evidence-based framework
their app uses and emergency contact information in the event
of a mental health crisis are provided. Participants continue to
supply daily SUDS ratings for the minimum 10-week
intervention. Data analysis will be ongoing throughout this
phase and will be used to assist in determining whether any
participant’s mental health is significantly deteriorating. If a
participant provides a SUDS rating of 10 for 2 consecutive days,
they will be contacted for a check on their welfare. Similarly,
if a participant’s SUDS ratings are above 8 for 5 consecutive
days, they will also be contacted for a check on their welfare.
We have chosen these cutoff values because the information
provided to participants about the SUDS indicates that 8 is equal
to their perception of feeling very distressed and 10 is equal to
their perception of feeling the worst distress. The SUDS does
not have a universal categorization label for each point on the
scale, in addition to the number. Instead, it was designed to
allow flexibility in an individual’s self-assessment [57] and
labeling can vary from study to study. The mental health and
well-being outcome measures (DASS-21 and OQ-45.2) and
uMARS are completed at the end of this phase. If a participant’s
responses on the outcome measures reveal a clinically significant
decline in mental health compared with their responses at the
beginning of the intervention, which places them in a severe
category of mental illness, she/he will be contacted for a check
on their welfare. In all cases, if a participant is categorized as
being inappropriate for continuation in the proposed study,
she/he will be directed toward more appropriate forms of care.

Phase 4 (Postintervention)
Participants provide SUDS ratings for at least 20 days following
the completion of their official intervention period. Once a
minimum of 20 SUDS ratings have been received, they will
complete another DASS-21 and OQ-45.2. Participants are given
information on all the apps so that they may explore the others
if they wish.

Phase 5 (Follow-Up)
Participants are followed up at 6 months, where they will be
asked to complete the mental health and well-being outcome
measures (DASS-21 and OQ-45.2).

Expected Time Frames
The daily SUDS text messages will take a few seconds to reply
to; app use will be a minimum of 10 min per day, 5 days per
week for 10 weeks; the mental health and well-being outcome
measures (DASS-21 and OQ-45.2) are expected to take less

than 10 min each to complete on 5 different occasions; and the
demographics questionnaire completed in phase 1 and the
uMARS questionnaire completed in phase 3 are expected to
take 15 min each.

The proposed study will run for approximately 40 weeks. Data
analysis will be completed by approximately December 2020.
A write-up for publication is expected to be completed by
January 2021.

Data Analysis

Descriptive Statistics and Qualitative Accounts
Descriptive statistics will be used to compare individuals and
augment other analytical techniques. The data obtained from
the uMARS will be used to assist in gaining an enhanced
understanding of participant attitudes toward their app.
Depending on the amount of qualitative information provided
by participants, it will be converted via a content analysis [58]
and will be coded into networks that hierarchically classify,
identify, and summarize key themes. Data obtained from the
uMARS will be plotted, as explained in the Visual Inspection
subsection.

Time Series Analysis
A process for conducting time series analyses for psychological
research was described by Borckardt et al [59] using the R
statistical software package. In the proposed study, the
commencement of the intervention will be the predictor in a
regression model that uses data before and after this point to
determine if there has been a statistically significant impact on
subjective distress, as measured by SUDS ratings. A minimum
of 20 data points are required in each phase [20,26]. The R
statistical package will use conventions of autoregressive
integrative moving average (ARIMA) modeling to account for
autocorrelated data [60] when building the model.

The time series analyses [59] will evaluate statistically
significant changes across the phases of the proposed study.
Overall level and trends across time will be considered, and if
necessary, adjustments will be made for irregular variation
effects. An irregular factor is similar to the error terms used in
many statistical models, such as generalized linear modeling.
The methods of making such adjustments differ depending on
the nature of the collected data but may include the augmented
Dickey-Fuller test, Durbin-Watson test and/or the Ljung-Box
test as part of an ARIMA model.

Clinical Significance and Statistical Reliability
Meaningful or clinically significant changes occur when an
individual is in the dysfunctional (clinical) range at the
commencement of treatment and in the functional (nonclinical)
range at the end of treatment [61,62]. The clinical significance
index (CSI) indicates whether individuals have made meaningful
improvements to their emotional health and moved from being
clinically dysfunctional to functional [63]. The reliable change
index (RCI) verifies the statistical significance of any change
in an individual’s score from pre- to postintervention [62]. This
approach is particularly useful for single-case designs because
it allows researchers to focus on individual functioning [64]
and to adjust treatment if necessary. Jacobson and Truax [62]
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developed a classification system to describe the change in a
participant’s mental health in a study’s conclusion:
recovered=clinically significant and statistically reliable;
improved=not clinically significant, but statistically reliable;
unchanged=not clinically significant or statistically reliable;
and deteriorated=clinically significant and/or statistically
reliable in a worsening direction.

To determine the CSI, a cutoff point between the scores obtained
by the functional and dysfunctional populations on a particular
measure is identified [61,62]. Scores on either side of this point
are statistically more likely to indicate whether an individual is
functional or dysfunctional [61,62]. Normative data are required
for both functional and dysfunctional populations for the
measures being used. The CSI is based on the following formula
[62]:

where 1 represents the nonclinical population and 2 represents
the clinical population.

The RCI is a function of a measure’s standard deviation and
reliability [61]. It measures an individual’s change in
self-reported score from pretreatment to follow-up for statistical
reliability. If an individual’s change exceeds 1.96 times the SE,
the change is statistically reliable at P<.05 because it is unlikely

to occur more than 5% of the time as a result of measure
discrepancy or chance [61]. The RCI is calculated as follows
[62]:

where Sdiff=√2(SE)2 and SE=SD of both groups×(√1−test-retest
reliability).

Clinical significance will be calculated based on participants’
scores on the mental health and well-being outcome measures
(DASS-21 and OQ-45.2) across the various phases using the
framework suggested by Jacobson and Truax [62]. Using the
OQ-Analyst platform, clinical significance will be compared
with statistical significance and visual inspection.

Visual Inspection
Visual inspection of plotted data allows for a personal judgment
about the effect of an intervention and can often produce more
meaningful information than approaches involving the
calculation of statistical significance [20]. In this study, visual
inspection will be possible using up to 112 data points of SUDS
ratings, as illustrated in Figure 3. Data obtained from the
uMARS will be plotted against participant ratings from the
mental health and well-being outcome measures (DASS-21 and
OQ-45.2) and SUDS data and inspected for any observed
relationships.
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Figure 3. Example of how participant data may be affected and graphed using a multiple baseline across-individuals design.

Data Management
Management and storage of data will occur in line with the
Management and Storage of Research Data and Materials Policy
of the University of New England [65]. Specifically, all
nondigital materials will be scanned and digitally stored
indefinitely with all other digital information pertaining to this
research on the University of New England research data cloud
storage facility. Digital information will be password protected
and accessible only to appropriate research staff.

Data Exclusion
Data will be excluded from time series and visual analyses if a
participant fails to provide a minimum of 20 SUDS ratings in
phase 1 (baseline) and/or phase 4 (postintervention) and 40
SUDS ratings in phase 3 (intervention). Data will be excluded
from CSI and RCI analyses if a participant fails to complete
baseline and/or postintervention mental health and well-being
outcome measures (DASS-21 and OQ-45.2). Owing to the
nature of the proposed study design, participants who dropout
because they did not provide the required minimum data cannot
be replaced by new participants once the baseline phase has
commenced.
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Ethics Approval
Ethics approval was granted by the University of New England
Human Research Ethics Committee on November 1, 2019
(approval number: HE19-186). This research will be conducted
under the guidelines of the National Statement on Ethical
Conduct in Human Research by the Australian National Health
and Research Council [66]. Any changes to procedures outlined
in this protocol will be forwarded to the University of New
England Human Research Ethics Committee for approval before
implementation. Such changes will also be acknowledged on
the trial registration at the ANZCTR.

Results

Reporting of results will follow the Consolidated Standards of
Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth [67] guidelines. The Procedure section
provides the estimated timelines.

Discussion

Principal Findings
Information about and descriptions of the previous research on
each app are provided in Multimedia Appendix 2. Previous
research on mental health apps is lacking, and there are other
issues impacting this research. The methodologies employed
in the studies based on the apps used in the proposed study are
heterogeneous, and this is in keeping with other previous
research on other mental health apps [3]. The studies here had
varying attrition rates (the Destressify research [30] reported
19.9%; MoodMission [34], 54.8%; Smiling Mind [36], 17.7%;
MindShift [15], 46.7%; and SuperBetter [39], 73.9%), but the
varying intervention times and methodologies may have
contributed to these attrition rates. Some studies were conducted
by researchers who either developed the app or had an otherwise
pre-existing association with the app being tested (in the case
of MoodMission and SuperBetter). Other studies had participants
with varying degrees of severity of anxiety and depression at
commencement that were measured with varying outcome
instruments (Destressify, MoodMission, and Smiling Mind did
not specify the participants’ mental health status in their
inclusion criteria; MindShift had participants with
moderate-to-high levels of anxiety, as indicated by their ratings
on at least one scale of the Patient Health Questionnaire; and
SuperBetter had participants who scored higher than 16 on the
Center for Epidemiological Studies Depression Scale).
Nevertheless, all studies were published in peer-reviewed
journals and authored by individuals who have associations
with legitimate academic institutions and mental health
organizations. Therefore, we hypothesize that our results will
reveal the apps to be effective for reducing symptoms of anxiety
and depression, as reflected in the previous research.

Potential Added Value for Clinicians and Consumers
This study is unique with respect to any published study of
mental health apps that could be located. This independent
research, using a single-case methodology, allows for an
in-depth examination of personal factors that may impact the
effectiveness of these apps. It will therefore add value to existing

studies on these specific apps. However, it is also anticipated
that this research will be automated to the point where the design
can be used to examine larger samples with the rigor of an RCT
experimental design, thereby having a positive impact on
increasing future research at a faster rate. It also provides an
opportunity for evidence-based mental health treatment to reach
those who are not already receiving it.

If mental health apps have demonstrated effectiveness, they
could be incorporated by clinicians into face-to-face therapy to
enhance the experience of consumers. For example, some apps
allow users to complete homework tasks set by their therapist
or to make thought diary entries that can be shared digitally
with their therapist. Other information such as physiological
readings and user-entered information such as SUDS ratings
can also be sent digitally to clinicians to gain a more accurate
reading of their client’s emotional health between sessions [68].

There are potential benefits for health systems and mental health
consumers if apps can gain increased legitimacy for their ability
to effectively manage anxiety and depression. These include
the following: more economical for low socioeconomic groups
to obtain mental health treatment compared with face-to-face
services [69], improved access for those in rural areas where
there may be limited treatment options [70], reduced stigma
[71] because of anonymous assistance, access for children and
adolescents who are already large consumers of smartphones
and the internet [72], and it is simply a preferred way to receive
mental health information for some [73]. Therefore, it is
important to increase research on the efficacy and effectiveness
of mental health apps using appropriate and scientifically
validated methodologies in addition to RCTs, as the widely
considered gold standard of RCTs may not be the most
appropriate for analyzing mental health apps [23,74].

This study will examine a number of mental health apps that
differ in several ways: (1) having different theoretical
frameworks (MoodMission and MindShift use CBT, Destressify
and Smiling Mind use mindfulness, and SuperBetter uses
positive psychology), (2) being developed by different teams
in different countries (Destressify was developed in the United
States by individuals with an interest in mindfulness meditation,
MoodMission was developed in Australia by a team of
psychologists and researchers at Monash University, Smiling
Mind was set up as a not-for-profit organization in Australia by
mental health and meditation experts, MindShift was developed
in Canada by a not-for-profit mental health organization, and
SuperBetter was developed in the United States by a game
designer and mental health researchers from Stanford University
and the University of Pennsylvania), and (3) containing different
aesthetic qualities and types of activities with different aims
(Destressify focuses on reducing stress, MoodMission focuses
on providing short activities designed to help an individual in
response to how they are feeling at that time, Smiling Mind
focuses on teaching mindfulness skills in a structured format
using guided meditation, MindShift focuses on reducing anxiety
by using a number of different interventions such as graded
exposure and using a thought journal, and SuperBetter is very
colorful with a playful tone that may appeal to individuals who
like video games). Multimedia Appendix 2 provides further
information about each app. Having a diversity of apps is
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important because there may be differences in the way
consumers react to different aspects of an app. It is known that
face-to-face therapy outcomes can be influenced by
client-therapist rapport [75], client motivation [42], and
chronicity/history of mental illness [43]. Therefore, there may
be different aspects of a mental health app that contribute to its
effectiveness, such as gamification, aesthetics, usability/interface
[76], and evidence-based framework.

In sum, the reasons mentioned earlier support the need for a
vigorous research agenda on the effectiveness of mental health
apps, and this study methodology can assist in realizing this.

Limitations and Strengths
This study has some limitations. First, it may not be possible
to generalize the findings if the outcomes for participants with
the same condition differ in significant ways. Second, there is
no certainty that participants will provide daily SUDS ratings
for 16 weeks, despite the minimal effort involved. Third, with
many brands of smartphones using different versions of
software, there is a risk that the technology between phone and
app may not be compatible for some participants.

This study also has several strengths. By using questionnaires
that consider subject distress, symptoms, and life functioning
at different time points, the design allows for a comprehensive
approach toward the impact of the apps. The use of the DASS-21
and OQ-45.2 questionnaires at multiple time points will allow
an examination of issues such as suicidality, dysfunctional
coping activities (such as excessive alcohol consumption),
physical health, and sleep disturbance. The single-case design
will also provide in-depth information about individual
responses and offers a way that clinicians may be able to
contribute to the evaluation process (see the Conclusions
section). Finally, there is the ambitious goal of offering a future
methodology that could be applied to larger RCTs via a highly
digitized procedure.

Conclusions
The evidence base for mental health apps that offer treatments
for anxiety and depression is currently low. This study may
assist in improving this situation in several ways. First, it may
allow more clinicians to participate in the research process.
Marshall et al [74] have outlined a proposal to establish a
centralized database where clinicians and researchers contribute
information and data on the effectiveness of mental health apps
by using a standardized protocol that forms the basis of this
research. Such a repository of information on mental health
apps would mean an ever-increasing knowledge base that
clinicians, researchers, government authorities, and academic
institutions could refer to. Although there are existing websites
that offer professional reviews with useful insights into mental
health apps (eg, PsyberGuide [77], Head To Health [78],
Reachout Australia [79], Health Navigator [80], and the NHS
App Library [81]), these are based on professionals’perspectives
and not systematic and scientific observations. The results of
increased research, such as that outlined in the proposed study,
have the potential to add valuable empirical data to such
websites to reinforce the reviews posted there.

If a collaborative scientific methodology was used by clinicians
and researchers to rate the effectiveness of mental health apps,
this would also potentially allow more transparent categorization
of mental health apps in the various app stores [74]. Currently,
reliance on app stores leads to potential confusion for consumers
as ratings and reviews may be unreliable or even fake [5]. Using
the methodology in this study is one way that, if willing, the
app stores could certify mental health apps as having reached
an acceptable level of independently verified effectiveness [3].
This would allow consumers to more clearly identify apps
validated by scientific research.

Finally, given the large number of consumers who own a
smartphone globally [82], if more people are able to use
efficacious mental health apps on their phones, it could
potentially free up scarce face-to-face services in communities
struggling to meet the demand for interventions to address
mild-to-moderate mental health problems.
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Multimedia Appendix 2
Information about the apps used in the present study.
[PDF File (Adobe PDF File), 3500 KB - resprot_v9i7e17159_app2.pdf ]
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Abstract

Background: Physiotherapy is essential for the successful rehabilitation of common shoulder injuries and following shoulder
surgery. Patients may receive some training and supervision for shoulder physiotherapy through private pay or private insurance,
but they are typically responsible for performing most of their physiotherapy independently at home. It is unknown how often
patients perform their home exercises and if these exercises are performed correctly without supervision. There are no established
tools for measuring this. It is, therefore, unclear if the full benefit of shoulder physiotherapy treatments is being realized.

Objective: The proposed research will (1) validate a smartwatch and machine learning (ML) approach for evaluating adherence
to shoulder exercise participation and technique in a clinical patient population with rotator cuff pathology; (2) quantify the rate
of home physiotherapy adherence, determine the effects of adherence on recovery, and identify barriers to successful adherence;
and (3) develop and pilot test an ethically conscious adherence-driven rehabilitation program that individualizes patient care
based on their capacity to effectively participate in their home physiotherapy.

Methods: This research will be conducted in 2 phases. The first phase is a prospective longitudinal cohort study, involving 120
patients undergoing physiotherapy for rotator cuff pathology. Patients will be issued a smartwatch that will record 9-axis inertial
sensor data while they perform physiotherapy exercises both in the clinic and in the home setting. The data collected in the clinic
under supervision will be used to train and validate our ML algorithms that classify shoulder physiotherapy exercise. The validated
algorithms will then be used to assess home physiotherapy adherence from the inertial data collected at home. Validated outcome
measures, including the Disabilities of the Arm, Shoulder, and Hand questionnaire; Numeric Pain Rating Scale; range of motion;
shoulder strength; and work status, will be collected pretreatment, monthly through treatment, and at a final follow-up of 12
months. We will then relate improvement in patient outcomes to measured physiotherapy adherence and patient baseline variables
in univariate and multivariate analyses. The second phase of this research will involve the evaluation of a novel rehabilitation
program in a cohort of 20 patients. The program will promote patient physiotherapy engagement via the developed technology
and support adherence-driven care decisions.
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Results: As of December 2019, 71 patients were screened for enrollment in the noninterventional validation phase of this study;
65 patients met the inclusion and exclusion criteria. Of these, 46 patients consented and 19 declined to participate in the study.
Only 2 patients de-enrolled from the study and data collection is ongoing for the remaining 44.

Conclusions: This study will provide new and important insights into shoulder physiotherapy adherence, the relationship
between adherence and recovery, barriers to better adherence, and methods for addressing them.

International Registered Report Identifier (IRRID): DERR1-10.2196/17841

(JMIR Res Protoc 2020;9(7):e17841)   doi:10.2196/17841

KEYWORDS

rehabilitation; treatment adherence and compliance; wearable electronic devices; machine learning; rotator cuff

Introduction

Overview
Rotator cuff pathology is the most common cause of shoulder
pain and disability [1,2], and it is associated with significant
utilization of health care resources [3] and societal and economic
costs [1]. Exercise-based physiotherapy is the established
first-line treatment for this condition [4-6] and is also a critical
element of rehabilitation following rotator cuff surgery [7,8].
Adherence to prescribed physiotherapy is essential for successful
rehabilitation in both conservatively and operatively managed
patients [9,10]. However, adherence to physiotherapy is often
poor [9,11], particularly in the home setting [9,12,13] and in
worker populations [10]. Currently, there are no established
methods to effectively and objectively measure adherence to
home shoulder physiotherapy [12,14]. Thus, the rate and quality
of participation with home shoulder therapy and the relationship
between adherence and recovery are unknown.

We have developed the Smart Physiotherapy Activity
Recognition System (SPARS), a novel solution for measuring
adherence to home shoulder physiotherapy from inertial sensor
data recorded on a smart watch using state-of-the-art machine
learning (ML) techniques [15]. SPARS was shown to classify
exercises for participation monitoring with high (99.99%)
accuracy in 20 healthy adults.

The proposed study will further develop and validate our
technology to assess home shoulder physiotherapy adherence
to both participation and technique in a population with rotator
cuff pathology. We will measure the rate of adherence, establish
the relationship between adherence and recovery, and explore
possible patient factors predictive of poor home physiotherapy
adherence. In addition, we will examine ethical and related
policy issues associated with the deployment of this technology,
specifically investigating patient privacy, individual rights,
clinical decision making, health resource allocation, and policy
in the setting of artificial intelligence–based surveillance of
patient self-management strategies. Guided by ethical analysis
and a user-centered design process, we will develop and pilot
test a conscientious rehabilitation program with individualized
adherence-driven patient care.

Rotator Cuff Pathology
Shoulder pain and dysfunction are among the most common
musculoskeletal health problems and can affect 16% to 21% of
the adult population with increasing incidence in advancing age

[16-18]. Shoulder pain and dysfunction have an impact on the
performance of essential activities of daily living (eg, dressing,
hygiene, eating, and work) and result in substantial utilization
of health care resources [3]. Rotator cuff pathology is the most
common cause of shoulder pain and disability [1,2], accounting
for up to 60% of all shoulder conditions [19]. Rotator cuff
pathology is also a common cause of disability and employee
time loss in the workplace and is associated with a high rate of
claims and large societal and economic costs [1]. In the Ontario
worker population, the shoulder is the second most frequent
site of injury (after lower back) for high-impact claims [20].

Physiotherapy and nonnarcotic analgesia are the first-line
treatment for symptomatic rotator cuff pathology [21].
Numerous studies and systematic reviews have concluded that
many patients undergoing nonoperative rehabilitation for rotator
cuff pathology achieve significant and durable improvements
in shoulder pain and function [4,5,19,22-33]. The effectiveness
of rehabilitation depends on the physiotherapy protocol that is
used. Holmgren et al [34] demonstrated that a specific exercise
protocol supervised by physiotherapists was superior to a
self-directed range of motion exercises performed at home.
Østerås et al [35] demonstrated a dose-response to rotator cuff
rehabilitation, with high-dose (greater frequency and intensity)
exercise training producing greater benefits than low-dose
training.

Clinical trials have not demonstrated a clear benefit of surgical
intervention over physiotherapy for the initial treatment of
degenerative rotator cuff tears [22,23,36-38]. Current clinical
practice guidelines, therefore, recommend that surgical
management of rotator cuff pathology should be reserved for
some selected cases (acute full-thickness traumatic tears in
young patients) and when nonoperative modalities have failed
to achieve the desired improvement in the function or symptoms
after 6 to 12 weeks [24,39]. Postoperative rehabilitation with
exercise-based physiotherapy is considered an essential
component in the surgical management of rotator cuff pathology
[7,8].

Home Physiotherapy for Rotator Cuff Pathology
There is little comparative data on the relative effectiveness of
supervised physiotherapy versus home-based exercise for rotator
cuff pathology [3,24]. Although several trials have sought to
address this question [34,40-42], all were of low sample size
and adherence to the prescribed physiotherapy was not
measured. The efficacy (or lack thereof) of a self-management
strategy can only be determined if it is adhered to, which
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requires measurement of adherence. These studies also used
different exercise regimens for their study groups, with the
group in supervised therapy receiving a more extensive, specific,
and individualized exercise regimen. To our knowledge, no
study has directly compared the supervised and independent
performance of the same rotator cuff rehabilitation protocol or
sought to determine the optimal balance between supervised
and independent exercise in hybrid programs. Despite these
limitations, the efficacy of independent exercise for rotator cuff
rehabilitation is supported by many studies with good outcomes
that made extensive use of home exercise in their rehabilitation
protocol [3,7,8].

Adherence to Rehabilitation
Adherence is defined as the extent to which the patient follows
medical instructions [43]. There is a general assumption that,
where a treatment program is efficacious, adherence to the
program improves outcome. Patient adherence to a prescribed
physiotherapy has been shown to be an important predictor for
the successful management of musculoskeletal disorders [9].
However, adherence to standard exercise protocols is often poor
with estimates of non or partial nonadherence varying between
50% and 70% [9,11], with worse adherence for home exercise
protocols [9].

In the context of physiotherapy and rehabilitation, the concept
of adherence is multidimensional [44]. It includes behaviors
such as attending clinical appointments, actively participating
in physiotherapist-supervised rehabilitation activities, carrying
out home exercise and rehabilitation activities, avoiding
potentially harmful and contraindicated activities, and wearing
protective or therapeutic devices [44]. Physiotherapy clinic
attendance is readily measured, and the Sport Injury
Rehabilitation Adherence Scale [44] has been used for
evaluating in-clinic adherence. The correct use of protective
devices has been measured by observations at clinical follow-up
[10] and with temperature sensors [45-47].

Measuring adherence to home physiotherapy exercises remains
an open problem [48]. Adherence to this component of a
rehabilitation program is particularly vital as this activity calls
for the greatest level of independent patient engagement in the
rehabilitation process. Adherence diaries, in which patients log
their independent exercises, is the recommended and most
widely used measure of adherence to home exercise [48].
However, adherence diaries have significant limitations. The
validity and reliability of the adherence diary have not been
established, and poor patient acceptability results in low rates
of diary completion [48]. Furthermore, the written diary has no
means to establish if the prescribed exercises have been
performed correctly. The proposed study will validate a novel
method for measuring participation and technique adherence to
home shoulder physiotherapy exercises.

Adherence to Rotator Cuff Rehabilitation
Several studies on patients with rotator cuff pathology have
measured rehabilitation adherence variables, including clinic
attendance, adherence to postoperative restrictions, and home
physiotherapy participation during rotator cuff rehabilitation
[4,10,13,26,49-51]. Nonadherence (eg, to protective device use

and clinic attendance) is more prevalent in workers’
compensation patients (52%) than nonworkers (4%) [10]. There
is also a relationship between adherence and improved clinical
outcomes in the nonoperative [50] and operative management
[10,51] of rotator cuff pathology.

Unfortunately, adherence to home rotator cuff exercises has
only been measured with adherence diaries [4,26,50] or in
response to directed questioning [51]. The completion rates for
the adherence diaries varied from 60% to 75% [4,26,50].
Furthermore, the validity of a patient’s self-reported adherence
is questionable as a research instrument [52]. Therefore, the
rate and effect of adherence to home rotator cuff exercise
participation and technique remain unknown. The proposed
study will address this knowledge gap in a cohort of 120 patients
with rotator cuff pathology.

Are Home Shoulder Physiotherapy Exercises
Performed Correctly?
Patients with rotator cuff pathology have abnormal shoulder
kinematics [53,54]. Due to the weakness of the rotator cuff,
these patients develop a functional instability, where shoulder
motion reduces the available supraspinatus muscle outlet,
causing impingement [55]. There is a known relationship
between altered shoulder kinematics, pain, and rotator cuff tear
size [56]. It is believed that the altered kinematics and
impingement exacerbate the condition, contributing to ongoing
deterioration of the rotator cuff [54,55]. Restoration of normal
shoulder kinematics, in particular muscular control of the
scapula, is a focus of physiotherapy for rotator cuff pathology
[19,57], and there are some data that contribute to improved
patient outcomes [58]. An important role of the physiotherapist
in rotator cuff rehabilitation is to supervise the process of
kinematic retraining, ensuring that appropriate muscle
recruitment and motion patterns are developed and maintained
during exercise [59]. No study has determined whether the
motion patterns trained during supervised therapy sessions are
maintained in the home setting or independent exercise. The
proposed study seeks to establish if there are kinematic
differences between supervised and home rotator cuff
rehabilitation exercises and determine if there is a relationship
between exercise technique and shoulder recovery.

Factors Affecting Adherence
The barriers to adherence to supervised outpatient physiotherapy
clinics have been summarized in a systematic review by Jack
et al [12] in 2010. There was strong evidence to suggest that
low baseline levels of physical activity; low in-treatment
adherence to exercise; low self-efficacy, depression, and anxiety;
helplessness; poor social support; greater perceived number of
barriers to exercise; and increased pain during exercise are all
significant barriers to physiotherapy adherence. The majority
of studies reviewed measured adherence only in terms of clinic
appointments. Several studies [60-64] investigated the barriers
to adherence to unsupervised home exercise programs. However,
these studies suffered from the limitations of the existing
adherence diary instrument outlined previously (poor objectivity,
poor compliance with the diary, and inability to measure
technique adherence). The barriers to unsupervised home
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physiotherapy, therefore, remain uncertain; they will be explored
in the proposed study.

Potential Technologies for Measuring Adherence to
Home Shoulder Physiotherapy
Several technologies have been developed and pilot tested to
provide more objective and complete assessments of adherence
to home physiotherapy [13,15,65-72], but none have been
validated in a clinical population. The common premise
underlying a technical solution to adherence monitoring is using
sensors to record patient home physiotherapy and have a
computer algorithm classify activity type and potentially
evaluate the technique. Various sensors have been investigated
for this application, including video and depth sensors [65-68],
strain sensors mounted on elastic bands [13], and inertial sensors
[15,69-72].

Inertial sensors include accelerometers, gyroscopes, and
magnetometers. These sensors are combined in small,
inexpensive integrated circuit packages called inertial
measurement units (IMUs). IMUs are found in smartphones,
smart watches, and GPS devices, and they enable ongoing
navigation with loss of GPS signals (eg, indoors). Advances in
the capability of these sensors have enabled their use in
demanding clinical applications, such as upper extremity motion
tracking [73], clinical shoulder evaluation [74-77], kinematic
analysis [78-82], and shoulder physiotherapy adherence
evaluation [15,69,70].

Inertial sensors are, in our opinion, an ideal method for
measuring adherence to home shoulder physiotherapy. These
sensors are already integrated into robust, accessible devices,
such as smart watches, facilitating low-cost deployment. Such
wearable devices are unobtrusive and easy to use anywhere,
unlike solutions based on video capture. Finally, they are highly
accurate for this task [15] and can theoretically be used to
measure adherence to any exercise involving motion.

Several studies have investigated the potential for shoulder
physiotherapy adherence evaluation using inertial sensors in
the laboratory setting. McGirr et al [69] used a 3-axis gyroscope
to classify 3 shoulder exercises performed with an elastic band
and were able to classify activity type, but with relatively low
accuracy (86%-91%). Pan et al [70] used classical ML
techniques to classify 5 different shoulder exercises from
multiple synchronized inertial sensors mounted on the chest,
upper arm, and wrist, achieving classification accuracy of 96.9%
in the laboratory setting. Our pilot study used state-of-the-art
deep learning algorithms to classify 7 evidence-based
physiotherapy exercises from a single wrist-worn IMU in a
commercial smart watch with an accuracy of 99.99% [15].

Deep learning is a class of ML algorithms for training deep
hierarchical models, such as artificial neural networks (ANNs),
which are ML models partly inspired by biological neural
networks found in animal brains [83]. Recent advances in deep
learning and computer performance have together spurred
revolutionary developments in the capabilities of modern
artificial intelligence systems [84]. In our pilot work, we
demonstrated that deep learning significantly outperforms
classical ML algorithms for inertial exercise classification [15].

Unlike classical ML models, neural networks can also benefit
from transfer learning [85], which facilitates network retraining
and updating in various contexts, such as adding a new exercise
class or patient to the training dataset. Although significant
computational resources are required for training ANNs, trained
ANNs can be compact and deployable with modest computer
hardware [86]. The ML models we developed in our pilot work
were designed for deployment and real-time operation on a
smart watch, having only 300,000 parameters. This aspect of
the SPARS design permits a highly reliable edge-computing
system architecture, where end-user apps are always responsive
and function independent of internet connectivity or cloud
computing infrastructure.

Ethical and Policy Issues Related to Measuring
Adherence to Patient Self-Management Strategies
There are a number of ethical and policy issues raised by the
proposed project that will be examined in detail, concurrent
with the clinical validation of the SPARS technology. Building
on our past work addressing the challenges of introducing
innovative digital health technologies [87], this analysis will
inform the design and use of SPARS in the delivery of
adherence-driven care. Drawing on the critical bioethics of
Hedgecoe [88], we will examine the actual lived experiences
and policy realities that are implicated in SPARS deployment
and program development. However, we can anticipate, based
on the bioethics literature, that issues at the intersection of ethics
and policy will be raised in 3 distinct areas.

First, the act of surveillance introduces a number of ethical
challenges. One is that surveillance stands to influence the
behavior of participants, despite the conflicting evidence on the
ways in which the proposed Hawthorne effect might occur [89].
Beyond a simple form of data collection, however, the collection
of ubiquitous data about movements could have a number of
unanticipated consequences [90]. A potential effect is to enhance
the frequency or quality with which exercises are performed,
but others include the distrust of the technology and health care
providers who ultimately observe the data. Where participants
might feel coerced into completing a form of physical activity,
especially in cases where workplace injuries are involved,
resistance might be substantial [91]. These are ethically
important challenges that need to be addressed throughout this
program and will dictate what data are collected, how they are
controlled, and how and to whom the analysis results are
presented.

Second, the surveillance and related project data promise to
generate insights about which types of patients engage in
exercises with the greatest fidelity. Findings related to patient
profiles of those who engage and those who do not could be
used in a variety of ways, including reallocating resources to
those who stand to benefit from high engagement or enhanced
behavioral change programs for those who do not engage.
Generally, these questions of resource allocation relate to the
priority-setting process for rehabilitation programs [92] and
require detailed analysis to inform policy.

Third, the algorithms being deployed in this study are developed
by individuals with particular views of the world. The types of
data being used to train the algorithms, assumptions about the
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functioning of the technology, and beliefs about appropriate
outputs are all shaped by the education, race, gender, and other
social realities of the people writing the computer code. These
points relate to bias that could potentially be built into the
algorithm itself and the fairness of its outputs [93].

Each of these points will form a substantive focus on the ethical
and policy analyses that are part of this study.

Specific Research Aims
The specific research aims, and related objectives and
hypotheses for this study are detailed below.

Aim 1: Develop and Validate the Smart Physiotherapy
Activity Recognition System For Evaluating Shoulder
Physiotherapy Adherence

Objectives

The related objectives are as follows:

1. Inertial sensor data are collected during supervised
physiotherapy for 120 patients with rotator cuff pathology
over full treatment duration (up to 5 months).

2. Technical failures preventing supervised data collection
are less than 5%.

3. The SPARS artificial intelligence is trained to classify
physiotherapy exercise type and technique with
classification accuracy exceeding 90% and 80%,
respectively.

Aim 2: Measure the Rate of Adherence to Home
Shoulder Physiotherapy, the Relationship Between
Adherence and Recovery, and Identify Barriers to Home
Physiotherapy Adherence

Objectives

The related objectives are as follows:

1. Inertial sensor data are collected during home physiotherapy
for 120 patients with rotator cuff pathology over full
treatment duration (up to 5 months).

2. Technical failures preventing home data collection are less
than 5%.

3. Clinical outcomes: return to work status, shoulder range of
motion, rotator cuff strength, and patient-reported outcomes
of pain and disability are collected pretreatment, monthly
through treatment (up to 5 months), and at 12-months final
follow-up. The final follow-up exceeds 85%.

4. A total of 23 potentially significant predictors of home
physiotherapy adherence (identified in Methods: Barriers
to Adherence) are collected for all study participants at the
time of recruitment.

Hypotheses

The related hypotheses are as follows:

1. Exercise technique adherence is better for supervised
sessions than at home (P<.05).

2. There will be a statistically significant association (P<.05)
between home physiotherapy exercise participation and
technique adherence and the identified clinical outcomes.

Aim 3: Develop and Pilot Test a Conscientious Smart
Physiotherapy Activity Recognition System–Powered
Shoulder Rehabilitation Program That Provides
Individualized Adherence-Driven Patient Care in
Accordance With Ethical Innovation and User-Centered
Design Practices

Objectives

The related objectives are as follows:

1. Conduct and analyze qualitative interviews with
stakeholders and end users to identify functional needs and
different perspectives on ethical commitments and
challenges related to individual experiences, privacy,
clinical decision making, health resource allocation, and
policy.

2. Develop novel shoulder rehabilitation strategies within the
Working Condition Program, leveraging validated SPARS
adherence analytics to conscientiously guide physiotherapy
treatment as per the ethical, policy, and user-centered design
analysis.

3. Pilot test the rehabilitation program in 20 patients. Conduct
postimplementation qualitative interviews to re-examine
ethical, policy, and design issues.

Hypotheses

The methodology to be drawn upon for the service design
process and qualitative evaluation is fundamentally inductive
and user-driven. Therefore, it would not be appropriate to
articulate specific hypotheses to drive our data collection. We
have outlined several ethical and policy issues that we will
address, but we will approach the participants in ways that
encourage them to describe the experiences and issues most
pertinent to their own viewpoints. In so doing, we will remain
open to all insights that emerge from design activities and
qualitative interviews.

Methods

Smart Physiotherapy Activity Recognition System
Technical Development and Clinical Validation Study
(Aims 1 and 2)
We will further develop SPARS to evaluate the physiotherapy
exercise technique and validate the SPARS exercise type and
technique evaluations in a clinical population undergoing
physiotherapy treatment for rotator cuff pathology. The
relationship between adherence and recovery and barriers to
home physiotherapy adherence will also be determined in this
clinical validation study.

Population
We will conduct a prospective longitudinal cohort study of 120
patients who have been referred to Sunnybrook Health Sciences
Centre for the management of rotator cuff pathology. The
inclusion criteria will be as follows: (1) age ≥18 years; (2)
diagnosis of unilateral rotator cuff tendinosis, shoulder
impingement syndrome, or degenerative or traumatic rotator
cuff tear; (3) planned conservative or operative management;
and (4) capacity to participate in home shoulder physiotherapy.
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Exclusion criteria will be as follows: (1) upper extremity
neurologic deficit; (2) bilateral symptomatic rotator cuff
pathology; and (3) failed surgical management of rotator cuff
pathology.

Inertial Data Collection
Each study subject will be provided with a smart watch to be
worn on their affected extremity when performing the prescribed
physiotherapy exercise. The smart watch must be worn for all
physiotherapy exercise sessions conducted over the duration of
treatment, up to a maximum of 5 months. This includes all
supervised physiotherapy sessions at the Holland Centre and
any physiotherapy exercise sessions conducted by the patient
independently (home exercises). No alteration to the prescribed
physiotherapy will be undertaken during this clinical validation
study.

The smart watches purchased for this study will have a 9-axis
IMU (3-axis accelerometer, 3-axis gyroscope, and 3-axis
magnetometer). The inertial sensors will be sampled at 50 Hz
and recorded to the internal memory storage on the smart watch.
The inertial data will be encrypted using the
Rivest–Shamir–Adleman public-key cryptosystem. The smart
watch will permit up to 150 hours of sensor data recording to
its 4 GB internal memory. The sensor data will be retrieved and
removed from the smart watch when the patient attends
supervised physiotherapy at the Holland Centre (2 times per
week).

Inertial Data Labeling
The researchers will attend a supervised physiotherapy session
for each patient once every 2 weeks to record exercise type and
technique labels synchronously with inertial data collection,
based on the input from the treating physiotherapist. The
technique will be labeled as a binary variable, indicating if the
treating physiotherapist was satisfied that the exercise was
performed correctly (as intended). The treating physiotherapist
will also make a record of prescribed home exercises and
exercise type and technique evaluations at each supervised
physiotherapy session.

Supervised Physiotherapy Video Recording
Color video recordings of supervised physiotherapy sessions
will be made during 30 supervised inertial data collections. The
videos will be used for the reliability analysis of the exercise
type and technique labels assigned by the treating
physiotherapist, and 2 blinded physiotherapists will review and
reclassify the video data independently.

Home Physiotherapy Adherence Diaries
Patients will log their home physiotherapy activities in an
adherence diary for 2 weeks, during the strengthening phase of
their rehabilitation. Validation of the SPARS adherence
measurement will include a comparison with these data.

Clinical and Return to Work Outcomes Data
Validated clinical outcomes will be collected to measure the
relationship between home physiotherapy adherence and patient
recovery. The following validated clinical outcome measures
will be collected (1) pretreatment; (2) monthly through

treatment; and (3) at 12-months final follow-up (items 1-3 only);
these items are routinely collected by the Sunnybrook’s Working
Conditions Program (WCP):

1. Work status (full-time, part-time, off-work, modified, or
regular duties)

2. Numeric Pain Rating Scale (NPRS)
3. Disabilities of the Arm, Shoulder, and Hand (DASH) scores
4. Rotator cuff strength testing using manual muscle testing
5. Shoulder active range of motion measured with a

goniometer.

The NPRS is valid and reliable for clinical practice [94,95]. The
DASH has proven reliability, validity, and responsiveness in
patients with shoulder problems [96-98]. Manual muscle testing
and range of motion measurement using a goniometer are
standard accepted methods for rotator cuff strength testing and
shoulder range motion evaluation in the clinical setting [99],
with established validity and reliability [100-104].

Barriers to Adherence
The following potentially significant adherence predictors
[12,105-110] will be collected for each patient at recruitment:
age, sex, body mass index, dominant side involvement, symptom
duration, mechanism of injury (traumatic or degenerative),
rotator cuff tear thickness and size, type of operative procedures,
comorbidity (cumulative illness rating scale [111]), smoking
status, alcohol intake, opioid intake, cannabinoid intake, the
baseline level of physical activity, education, marital status, job
demands, socioeconomic status (current income), perceived
social support (Enhancing Recovery in Coronary Heart Disease
Social Support Inventory [112]), patient self-efficacy (2-item
Pain Self-Efficacy Questionnaire [113]), Patient Expectation
Questionnaire [114], and Hospital Anxiety and Depression Scale
[115].

Data Management, Monitoring, and Reporting
The data for this project consist of the following (1) inertial
sensor data; (2) video data; (3) clinical outcome scores; (4)
adherence predictor variables; and (5) adherence diaries. Items
2-4 include personal information. Video data will be anonymized
with face deidentification and audio removal. Data items will
be linked with a subject identification number and stored on
secure servers at Sunnybrook Research Institute, behind
institutional firewalls, with restricted physical access. The
database will be encrypted, and access will be limited to
researchers carrying out activities related to the proposed study.
Continuous data redundancy and versioning will mitigate the
risk of large data loss.

When a patient attends supervised physiotherapy at the Holland
Centre, their smart watch inertial data are uploaded to Google
Cloud Storage. The retrieved data are immediately verified by
a software tool that checks and reports the proper functioning
of the sensors and correct watch usage to the researchers,
ensuring that anomalies are detected promptly. Our research
engineer will administer the study database, review the incoming
data, and update the research team during monthly project
meetings.

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e17841 | p.342https://www.researchprotocols.org/2020/7/e17841
(page number not for citation purposes)

Burns et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Smart Physiotherapy Activity Recognition System-Home
Physiotherapy Participation Adherence
The ML algorithms underlying SPARS will be trained in a
supervised learning framework to classify (recognize) different
activities from the characteristic time series of inertial signals
they produce in the smart watch inertial sensors. A detailed
description of our implementation and its evaluation are
presented in our previous pilot study [15] and our open-source
software package for ML time series (seglearn) [116]. Briefly,
sensor data are segmented into fixed-length windows (2-4 sec
in length) that are learned by a deep convolutional recurrent
neural network (CRNN) classifier. Once trained, the classifier
can be used to reconstruct a record of activities from the
recorded inertial sensor data.

The ML algorithms underlying SPARS will be trained and
validated using the labeled inertial sensor data collected during
supervised physiotherapy sessions. The trained SPARS
algorithms will then generate a record of exercises performed
from inertial sensor data collected during unsupervised home
sessions and supervised sessions during which synchronous
data labeling was not performed. Comparing the quantity and
frequency of home exercises measured by SPARS with the
prescribed exercises will serve as our measure of participation
adherence. Participation adherence will be measured as a
percentage of the prescribed activity over each 2-week interval
of treatment.

Smart Physiotherapy Activity Recognition System-Home
Physiotherapy Technique Adherence
A second supervised learning algorithm will be trained,
validated, and optimized to classify the exercise technique from
the labeled inertial sensor data collected during the supervised
physiotherapy sessions. We anticipate that a CRNN architecture
similar to the exercise type classifier will likely be suitable. The
validated technique classifier will be used to evaluate the
technique adherence from the inertial data collected during
unsupervised home sessions.

Anticipated challenges with the proposed supervised learning
approach to technique evaluation include class imbalance and
recovery-related changes in exercise performance. It is
anticipated that many more correct technique training examples
may be available for some exercises and that an exercise may
be performed incorrectly in ways not observed during the
supervised sessions, leading to class imbalance. It is also
anticipated that through recovery, the expectation for technique
and performance of an exercise may change over time, creating
a moving target for the technique classifier. The challenge of
class imbalance may be mitigated using several potential
approaches including (1) random over and undersampling [117];
(2) cost-sensitive learning [117]; (3) semisupervised learning
[118]; (4) anomaly detection [119,120]; and (5) synthetic data
augmentation [121]. The challenge of recovery-related
performance changes may be mitigated by providing our
technique classifier metadata related to the classification task
(eg, treatment week, pathology, and surgery) [116],
implementing patient-specific ML models using transfer
learning, and periodically retraining the ML models through
recovery.

Smart Physiotherapy Activity Recognition
System–Powered Rehabilitation Program Development
and Pilot Testing (Aim 3)
We will examine functional needs and ethical and related policy
issues associated with the deployment of SPARS to design,
implement, and pilot test novel rehabilitation strategies that
provide individualized adherence-driven patient care in
accordance with ethical innovation and user-centered design
practices.

Examination of User Needs, Ethical Issues, and Policy
Issues
We will complete qualitative interviews with patients, health
care providers (primary care physicians, orthopedic surgeons,
and physiotherapists), and policy-level stakeholders at the WCP,
Workplace Safety and Insurance Board (WSIB), and the Ontario
Ministry of Health and Long Term Care to examine different
perspectives on individual experiences, ethical commitments,
and challenges that arise, ranging from individual worker
anxieties to allocation decision making regarding the distribution
of limited resources to promote rehabilitation. The methodology
will follow Yin’s [122] embedded single-case study
methodology, wherein there is a single overarching case with
2 embedded units of analysis. The overarching case is the
project, which includes the effort to generate and validate the
SPARS technology, to co-design a program relying on that
technology and to provide indications of acceptability and
impact. The 2 embedded units of analysis will be (1) policy
issues raised by SPARS technology and (2) the effort to
co-design the rehabilitation program. The analysis will be
open-ended, with no propositions guiding qualitative data
collection, such that analysis can be as inductive as possible
[122]. However, analytic insights will draw on the work of
Hedgecoe [88,123] to gain insight into the appropriate balance
between individual experiences and health system mandates,
promoting a careful and critical analysis of the ethical issues
outlined earlier.

Adherence-Driven Rehabilitation Program Design and
Implementation
Adherence-driven rehabilitation and clinical management
strategies will be codeveloped by our health sciences,
bioengineering, and social sciences and humanities researchers
and our principal Knowledge Translation User
organization—leveraging input from the qualitative ethical and
policy analysis—and our integrated knowledge translation
activities. The design efforts will inform individual and program
decision making on critical issues such as to whom and how
the adherence analysis is presented and how adherence analysis
should inform clinical decisions, physiotherapy treatment,
resource allocation, and allied health provider engagement and
support. Administration, clinician and patient user-interface,
and workflow requirements will be confirmed through a
user-centered design process detailed (subsequently) in our
integrated knowledge translation strategy. The developed clinical
process model and needs assessment will inform SPARS
implementation from data collection to the presented analysis.
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Pilot Test
The rehabilitation program will be pilot tested in 20 patients in
the third year of research. The validated SPARS will provide
the ability to monitor patient adherence to their prescribed home
shoulder physiotherapy, allowing the treating physiotherapists
and physicians to incorporate this information into their clinical
decision making in accordance with the parameters of the
program design. Baseline adherence predictors, inertial data,
and clinical outcomes will be captured and stored as specified
for the clinical validation study. Qualitative interviews will be
conducted with patients, physicians, and stakeholders involved
in the pilot program, for examination and analysis of
postimplementation perspectives and challenges in accordance
with Yin’s case study methodology [122]. Clinical end points
and program cost-efficacy will be assessed in comparison with
the matched historical controls involved in the validation study.

Data Analysis

Sample Size
The proposed sample size of 120 for clinical validation yields
a power of 80% to detect weak correlations (R>0.25) between
physiotherapy adherence and clinical outcomes, accepting a 5%
alpha error. Sample size feasibility was confirmed by the WCP,
anticipating a recruitment rate of 70%. The pilot study sample
size (20) was used to detect implementation challenges with an
incidence rate greater than 15% at a 95% confidence level [124]
(not statistically significant differences in clinical or economic
outcomes).

Construct Validity
The construct validity of the SPARS adherence measures will
be evaluated using cross-validated exercise type and technique
classification performance metrics (accuracy, precision, recall,
and f1-score) from the labeled inertial data. The cross-validated
metrics will be assessed for 3 different fold splitting strategies:
(1) by-subject; (2) by-session; and (3) within-session.
Respectively, these estimate SPARS performance for (1) new
subjects (with no training data); (2) new sessions for subjects
with prior training data; and (3) new exercise repetitions within
a session from which training data were acquired. The
by-session cross-validation most closely approximates the use
case in the proposed study and will benchmark SPARS
performance against our stated measurable objectives.

Concurrent Validity
Concurrent validity of SPARS will be established with (1)
patient home exercise adherence diaries; and (2) physiotherapist
exercise logs recorded in the absence of the researchers. The
number and type of exercises measured by SPARS will be
evaluated against both the adherence diaries and physiotherapist
logs. The evaluations of the SPARS technique will be compared
with the physiotherapist logs. Systematic bias between
measurement methods will be evaluated using a paired sample
t test and Bland-Altman plots [125]. Reproducibility will be
evaluated using an intraclass correlation with a 2-way
random-effects model for absolute agreement interclass
correlation coefficient (2,1) [126].

Criterion Validity
Changes in clinical outcomes will be evaluated as a function of
SPARS adherence measures using univariate linear regression
analysis, with management subgroup (conservative or operative)
and population subgroup (worker or patient) as moderators.
This analysis will examine both the concurrent and predictive
effects of home physiotherapy adherence on clinical outcomes.

Inter-Rater Reliability
The inter-rater reliability of the exercise type and technique
(human-assigned) labels will be evaluated using Fleiss kappa
from the independent ratings of the treating physiotherapist
recorded at the time of data collection and 2 research
physiotherapists following a video review.

Univariable and Multivariable Analyses
The relationship between adherence (dependent variable) and
individual baseline adherence predictor variables and
environment (home or clinic) will be examined using parametric
univariable statistical analyses, linear regression for continuous
predictors, and 2-sample t tests and analysis of variance for
binary and multiclass categorical predictors. A multivariable
analysis will be conducted to model adherence from statistically
significant predictors (maximum 12) and evaluate their relative
importance.

Algorithmic Fairness
Equalized odds and equal opportunity fairness metrics [127]
will be calculated for adherence classifiers on selected subgroups
(sex and workers’ compensation status). Fairness-aware
classifier training with prejudice regularization [128] will be
considered if needed to produce fair results.

Economic End Point
The incremental cost-effectiveness ratio of the pilot program
will be assessed by comparing patient health care resource
utilization and return to work with matched historical controls
[129].

Results

Approvals and Funding
This study was approved by the institutional research ethics
board at the Sunnybrook Health Sciences Centre in Toronto,
Ontario, Canada, on December 21, 2018. The project was
successfully funded by the following 2 grant programs:

1. WSIB of Ontario Research Grants Program: January 1,
2019, to December 31, 2021.

2. Collaborative Health Research Project Special call:
Artificial Intelligence, Health, and Society; Canadian
Institutes of Health Research; Natural Sciences and
Engineering Research Council; and Social Sciences and
Humanities Research Council: April 1, 2019, to March 31,
2022.

Timeline
The study timeline is shown in Figure 1. All activities are
occurring on track as scheduled. Data collection will be

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e17841 | p.344https://www.researchprotocols.org/2020/7/e17841
(page number not for citation purposes)

Burns et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


completed by July 2021 and April 2022 for the clinical
validation and implementation stages of the project, respectively.

Recruitment
Patient recruitment began in July 2019. As of December 2019,
71 patients were screened for enrollment, of whom 65 patients
met the inclusion and exclusion criteria. Of these, 46 patients
consented and 19 declined to participate in the study. Of those
recruited, 9 have worker’s compensation claims and 37 do not.
Figure 2 shows the recruitment status and patient flow of the
ongoing study.

Data Collection App Details
Data collection is being performed using a custom Android
Wear app and the Huawei Watch 2 smart watch. We are
collecting 9-axis inertial sensor data and heart rate data during
supervised and independent physiotherapy exercises. The sensor
data are collected on the smart watch and uploaded to Google
Cloud Storage servers. Labeling of the supervised activities is
performed in a separate Android app running on an Android
tablet (Samsung Tab A) and operated by our research team.

Figure 1. Study timeline. SPARS: Smart Physiotherapy Activity Recognition System.

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e17841 | p.345https://www.researchprotocols.org/2020/7/e17841
(page number not for citation purposes)

Burns et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 2. Recruitment and patient flow as of December 2019.

Discussion

Principal Findings
Exercise-based physiotherapy is considered essential in the
management of rotator cuff pathology, both as a first-line
treatment [4-6] and for postoperative rehabilitation [7,8]. The
current paradigm for the delivery of physiotherapy services
involves in-person patient assessments and training for
prescribed exercise activities, but it requires the patients to
perform majority of their exercises independently at home.
There is a body of literature that indicates patients often struggle
to fully engage in their prescribed activities [9,11], suggesting
that many may not receive the full benefit of this important
treatment.

A significant barrier to better understanding the impact of this
problem on physiotherapy outcomes has been the challenge of
accurately assessing adherence to physiotherapy participation
in the home setting. This limitation precludes accurate and
objective measurement of the administered physiotherapy dose
for protocols that include an independent home component.

This manuscript describes a research protocol by which a smart
watch and ML approach will be validated for tracking
exercise-based shoulder physiotherapy in a cohort of patients
with rotator cuff pathology. The validated instrument will also
be used in a noninterventional fashion to assess the rate of
adherence in the study population, the relationship between
adherence and recovery, and patient factors related to
physiotherapy adherence. As a final phase of this project, we
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will pilot an adherence-driven rehabilitation program where
real-time measurement of physiotherapy adherence is utilized
to promote better patient engagement in their home program.

A smart watch was selected as the platform for physiotherapy
adherence tracking chiefly for patient comfort during exercise
and ease of use. A significant proportion of the rotator cuff
pathology demographic is elderly [16,17] and many have low
technology literacy. The smart watch platform we have
developed only requires that a patient put on their watch before
physiotherapy exercise and that they ensure it is charged before
doing so. This is in contrast to other systems that either require
multiple sensors to be strapped to various points on the body
[70] or a computer vision approach that requires some setup in
the exercise environment to obtain and maintain an appropriate
field of view [65]. In our setup, raw inertial data are processed
using a modern deep learning approach, which we have shown
previously to significantly outperform classical algorithms
utilizing an engineered feature representation [15]. Although
the deep learning approach requires significantly more
computing resources for training, the inference time is
comparable with classical models and feasible for evaluation
either as a cloud service or directly on a patient’s mobile device
[15].

There are a number of limitations to the proposed study. In the
validation phase of this research, the act of measuring
physiotherapy adherence may impact patients’ likelihood of
adherence, even in a double-blinded noninterventional fashion,
as proposed. Therefore, the assessed adherence rate in the study
population may not be generalizable to populations that receive
no tracking at all. A further limitation is that the ML algorithms
validated in the clinic context will generalize well to the home
setting. This risk will be mitigated by assessing algorithm
generalization across multiple clinic sessions and to new patients
(subject stratification). We assume that if that algorithm
generalizes in both these cases, generalization to the home
setting is also likely. As we also assess the criterion validity for
adherence tracking, a positive relationship between adherence

and recovery, if detected, it would serve as further evidence for
the validity of algorithm construct.

Despite the efforts we have invested in developing a simple,
accurate, and robust method for tracking shoulder physiotherapy,
tracking errors will inevitably occur and result in imperfect
adherence measurement. These errors could be secondary to
software glitches, poor algorithm generalization, accidental or
intentional misuse or disuse, hardware failure, and others.
Therefore, the adherence estimates that we calculate for each
patient will be subject to these errors, which may be random or
biased to certain study subjects. To mitigate and assess these
effects, we will collect survey data from each patient on their
use of the smart watches and ask each patient to manually
complete a 2-week adherence diary so that we can compare the
measured adherence with patient self-report.

A limitation of the final interventional phase of this study is the
pilot sample size (N=20) and the absence of a true control group.
Although we can compare the interventional cohort with
historical controls in the validation cohort, a better comparison
would be with a control group with no tracking at all as per the
current standard of care. Ultimately, a larger randomized
controlled trial (RCT) would be required to adequately assess
the effect of an adherence-driven rehabilitation program on
recovery. The pilot study we conduct is primarily powered to
detect implementation challenges, refine the system design, and
estimate the effect size as required preliminaries to funding and
carrying out a larger multicenter RCT.

Conclusions
This protocol paper describes a peer-reviewed, grant-funded
study to validate a smart watch and ML approach to assess
patient adherence to exercise-based shoulder physiotherapy in
a population with rotator cuff pathology. This study will provide
new and important insights into shoulder physiotherapy
adherence, the relationship between adherence and recovery,
barriers to better adherence, and methods for addressing them.
The ultimate goal of this work is to improve physiotherapy
delivery and outcomes for patients with musculoskeletal injuries
and disorders.
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Abstract

Background: In recent years, remarkable progress has been made in deep learning technology and successful use cases have
been introduced in the medical domain. However, not many studies have considered high-performance computing to fully
appreciate the capability of deep learning technology.

Objective: This paper aims to design a solution to accelerate an automated Gram stain image interpretation by means of a deep
learning framework without additional hardware resources.

Methods: We will apply and evaluate 3 methodologies, namely fine-tuning, an integer arithmetic–only framework, and
hyperparameter tuning.

Results: The choice of pretrained models and the ideal setting for layer tuning and hyperparameter tuning will be determined.
These results will provide an empirical yet reproducible guideline for those who consider a rapid deep learning solution for Gram
stain image interpretation. The results are planned to be announced in the first quarter of 2021.

Conclusions: Making a balanced decision between modeling performance and computational performance is the key for a
successful deep learning solution. Otherwise, highly accurate but slow deep learning solutions can add value to routine care.

International Registered Report Identifier (IRRID): DERR1-10.2196/16843

(JMIR Res Protoc 2020;9(7):e16843)   doi:10.2196/16843

KEYWORDS
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Introduction

In recent years, remarkable progress has been made in deep
learning due to the emergence of big data processing technology.
Deep learning is a family of machine learning that consists of
multiple neurons in multiple layers. A neuron is a mathematical
function with weights and biases, known as parameters. It
receives real numbers from the neurons in the previous layer,
generates another real number, and transmits it to the neurons
in the next layer. The parameters for each of these neurons are

optimally determined by a backpropagation algorithm, such as
stochastic gradient descent, that looks for the minimum of a
function. This contributes to the success of deep learning of
image data compared with conventional techniques because it
is able to learn the intrinsic data features without handcrafted
feature engineering.

Gram stain is a laboratory procedure for the rapid classification
and identification of microbial pathogens. Unlike other
microbiology processes that can be fully automated [1], the
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interpretation of Gram stain images still relies on human users,
such as a physician or trained medical technical assistant.
Although Gram stain seems like a medical image analysis
problem, to the best of our knowledge, only 1 research paper
[2] has used the deep learning method to automate the Gram
stain analysis. One of the challenges is that microbial pathogens,
particularly gram-negative organisms, and the background
material, such as bloodstains, look highly similar on a slide.
Furthermore, in cases of a low density of bacteria in a clinical
sample, the manual search by microscopy is tedious and will
only examine a fraction of the microscope slide, and thus may
be error-prone.

Smith et al [2] achieved 94.9% classification accuracy out of
468 Gram-stained slides from positive blood cultures. The
respective sensitivities and specificities were 98.4% and 75.0%
for gram-positive cocci in chains and pairs, 93.2% and 97.2%
for gram-positive cocci in clusters, and 96.3% and 98.1% for
Gram-negative rods. The authors reused the pretrained model
called Inception-v3 [3] and retrained the last layer with their
image data (100,213 image crops of 146×146 pixels for training
and testing) instead of constructing an end-to-end model from
the scratch. This approach is called transfer learning [4] because
it reuses precomputed model parameters. The major advantage
of transfer learning is that it is able to reduce computational
costs for the model training.

Despite the high accuracy achieved by Smith et al, there are
still many open questions to be addressed. With regard to
modeling, transfer learning could be improved with fine-tuning
[5] instead of modifying only the last layer. Fine-tuning is a
type of transfer learning that allows one to adjust the ratio of
retraining layers. This is highly relevant to Gram stain
classification because Inception-v3 was constructed with
ImageNet [6], which contains 1.2 million nature images and
1000 image classes, such as dogs and cats, that are unrelated to
Gram stain images. Therefore, increasing the number of

unfrozen (retraining) layers (ie, decreasing the number of
freezing layers) with Gram stain images is anticipated to yield
better results. With respect to computational performance, it
takes about 9 minutes to classify a whole-slide image of
28,032×28,032 pixels with a computer consisting of Intel Core
i7 (Intel Corp) with 32 GB of RAM and a Nvidia GTX 1070
graphics processing unit (GPU). The turnaround time for
multiple samples encountered in the medical laboratory would
not provide timely decision-making, although this solution can
run the job 24/7.

This study aims to design a rapid deep learning solution for
Gram stain interpretation without acquiring hardware resources,
and it provides the optimal proportion for the fine-tuning. The
hypothesis and the study design to evaluate the hypothesis will
be explained in the following section.

Methods

This section addresses the hypothesis, study design, data
collection and description, study population, statistical
considerations for nonbiased model construction and evaluation,
and tools in detail.

Study Design
This study does not investigate a clinical hypothesis but
performs an empirical evaluation of a deep learning framework
for Gram stain image interpretation. The hypothesis to be tested
is that the optimization of a deep learning framework will
perform better than a scale-up strategy with a single GPU. In
order to test this hypothesis, two strategies will be examined,
as shown in Figure 1. The scale-up strategy stacks up more
computer capabilities (model A, highlighted in blue). On the
other hand, the optimization strategy tunes the granular
configuration of a deep learning framework (model B, depicted
in green).

Figure 1. Two strategies will be compared. The lineage of model A is the implementation of the scale-up strategy (highlighted in blue). On the other
hand, the lineage of model B is the implementation of the optimization strategy (depicted in green). Model A is the base model with FPA framework,
while model B replaces the floating-point arithmetic with IAO. Each model is built on top of a predecessor model. For instance, model A1 is empowered
with a single GPU and model B1 is empowered with the optimal minibatch size. FPA: floating-point arithmetic. GPU: graphics processing unit. IAO:
integer arithmetic only.

In order to avoid model bias, 4 pretrained models (Mobilenet
[7] with versions 1 and 2, and Inception [3] with versions 3 and
4) will be evaluated. Mobilenet and Inception were originally
trained with ImageNet [6], which contains 1.2 million nature
images and 1000 classes. Therefore, it is necessary to retrain

them on the new data set, as described in the “Data Collection”
section, because Gram stain interpretation is barely linked to
the original task. The method that retrains a pretrained model
without changing network architecture is called fine-tuning.
Fine-tuning is a specific transfer learning technique that modifies
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more layers than the last layer, also known as the fully connected
layer, and their corresponding weights and biases. The optimal
proportion of the fine-tuning will be empirically determined in
this study. Concretely, 10 implementations will be evaluated,
with the proportions of frozen layer to unfrozen layer (retraining
layer) at 9:1, 8:2, ongoing up to 0:10 (from the shallow strategy
to the deep strategy). The computational performance will be
measured by time to achieve the target accuracy metric [8] of
95%.

Once the base model is implemented with Tensorflow [9]
(Google Corp) as described above, model A will be accelerated
with 2 approaches. Model A1 is the scale-up implementation
built on top of model A with a single GPU. In contrast, model

B is a mutated model of model A because it replaces
floating-point arithmetic with an integer arithmetic–only deep
learning framework called Tensorflow Lite [10]. Model B1 aims
to detect the optimal batch size for Gram stain classification.
Model B2 and B3 activate batch normalization and weight
normalization. Normalization penalizes large input numbers
and weights. Finally, model B4 prunes the model network by
adjusting the dropout rate, which speeds up the execution time.
These hyperparameters—batch size, batch normalization, weight
normalization, and dropout rate—are chosen based on the
findings from previous studies [11-14]. The specification of the
hyperparameter space is defined in Table 1. The boundary is
chosen to be wide to account for many possible combinations
of the hyperparameters.

Table 1. Specification of the hyperparameter space for the model B family. Minibatch size and dropout rate are quantified to avoid an exhaustive
search.

Quantified valuesOriginal value rangeHyperparameterModel

{32, 64, 128, 256, 512}{1-infinity}Minibatch sizeB1

{on, off}{on, off}Batch normalizationB2

{on, off}{on, off}Weight normalizationB3

{0, 0.1, 0.2, 0.3, 0.4, 0.5}{0-1}Dropout rateB4

The objective of this study is to understand the relation between
computation time and each hyperparameter, not to create a
hyperparameter optimization [15] that searches for a global
minimum or the local minima of hyperparameters.

Data Collection
This study will use 8728 Gram stain images from between 2015
and 2018 for modeling and images generated in 2019 for testing.

Data are archived in a workstation at the Institute for Clinical
Chemistry at the Medical Faculty Mannheim of Heidelberg
University, Germany. Sample images and labels are shown in
Figure 2. The sizes of the cropped images vary from 800×600
pixels to 1920×1080 pixels. Note that the image is not a
whole-slide image, but a crop of the interests—the
microorganisms and the slide background.

Figure 2. A sample image of Gram stain data. The image label does not have a link to personal information.
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The label data corresponding to the image are stored in a central
database for reporting purposes and extracted for this study.
Each image is associated with 2 labels: (1) Gram stain class (ie,
either gram-positive or gram-negative) and (2) a class for the
genus. The genus label includes 5 of the most frequently
encountered germs: (1) Staphylococcus, (2) Escherichia, (3)
Streptococcus, (4) Enterococcus, and (5) others, for the rest of
the germs that are rarely presented. This setting prevents a
potential risk of identifying a patient with an extremely rare
microorganism. Of the 8728 images, 446 images (5.11%) are
associated with multiple classes. These images with multiple
class labels are excluded because object recognition, that is,
bacterial differentiation, is beyond the scope of this study.

Study Population
The population for this study is a group of sepsis patients, whose
blood samples contain at least one harmful bacterium, such as
Staphylococcus, Escherichia, or Streptococcus. This study does
not recruit control and treatment groups. However, a set of
gram-positive images would be regarded as one group, while
gram-negative images would be regarded as a comparison group
for this study. This is a retrospective data analysis reusing an
archived image data set, as described in the “Data Collection”
section.

Statistical Analysis
This section will address and describe the 3 underlying statistical
considerations towards a solid study design: (1) the class
balancing strategy for the input data set, (2) the proper split
ratio for training and evaluation, and (3) the metric for the model
evaluation.

Class Balancing
Imbalanced input data sets are a common limiting factor that
degrades model quality. Chawla et al [16] systematically proved
that data augmentation can improve the imbalanced class
problem and demonstrated the benefits. In the classification of
bone lesions from x-ray images, Gupta et al [17] mitigated the
small number of positive samples by using data augmentation.
In the given image data available for this study, gram-positive
results are twice as frequent as gram-negative results. In order
to balance the class proportion, this study will apply the data
augmentation technique, which enriches the data set by
cropping, rotating, zooming, and flipping the given images.

Split Ratio
The data set will be split into a training set, a hold-out
development set, and a test set. The hold-out development set
is different from the test set, as the development set will only
be used for tuning the model parameters in order to not bias
classification. The training set for deep learning algorithms is
increased to 99% of the entire data set when there are more than
a million data points. However, this study will follow best
practice in machine learning, in which the splitting ratio is 60%,
20%, and 20% [18], because the available data points for this
study are 8728 images.

Cross-validation is not used in this study for model validation.
Cross-validation estimates the performance of the model
statistically, but it is not the chosen method for evaluating a

deep learning model. For instance, a 10-fold cross-validation
creates a model with 9 folds and tests the model with the
hold-out data (1 fold) 10 times. When we evaluate the model
with 100 whole-slide (28,032×28,032 pixels) images, each round
will take at least 900 minutes with a workstation powered by
Intel Core i7 with 32 GB of RAM and a Nvidia GTX 1070 GPU,
which is the same hardware setting and the same image size
used in the study by Smith et al [2]. For the 10-fold
cross-validation, it would take more than 6 days to evaluate 1
model, which is beyond the capacity of the workstation.

Metric for Evaluation
Despite considerable efforts that have been devoted to deep
learning research, not many studies consider the computational
efficiency, but focus solely on model evaluation. In order to
provide more insightful information, this study will evaluate
models with the classical metrics, such as accuracy, confusion
matrix, and area under curve, as well as the training and testing
times of models, to achieve the target accuracy proposed by the
Stanford Data Analytics for What’s Next project team [8].

Apparatus
This study will use Tensorflow [9] (floating-point arithmetic
framework) and Tensorflow Lite [10] for deep learning
solutions. Both of these frameworks are open source tools
developed by the Google Brain team, and they are able to
accelerate deep learning calculation by using multicore central
processing units (CPUs) and GPUs. With regard to a
model-debugging tool, TensorBoard will be used to graphically
track all execution history.

All solutions will be developed and deployed in the data center
at the Heinrich-Lanz-Center for Digital Health. The hardware
configuration for this study is one Intel Xeon Silver 4110 CPU
(Intel Corp), one Tesla V100 PCIe 32 GB GPU (Nvidia Corp),
and 189 GB memory. The server is virtualized by Docker
technology (Docker Inc) [19] for reproducible research.

Results

This study will provide an empirical guideline on how to
accelerate a high-performance deep learning model without
losing predictive power. Concretely, 2 results will be
highlighted: (1) the performance improvement of an integer
arithmetic–only deep learning framework for Gram stain image
classification and (2) the optimal setting of fine-tuning and
hyperparameters for 4 pretrained models (Mobilenet version 1
and 2 and Inception version 3 and 4). All models and the code
for training and evaluation will be freely accessible in a public
repository for reproducible research.

As of October 2019, this study has been approved by the
institutional review board of Medical Faculty Mannheim of
Heidelberg University, and the image data for the retrospective
data analysis are available. The results are planned to be
announced in the first quarter of 2021.
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Discussion

Limitations
Distributed computing across multiple machines will not be
covered in this study. Although it is the usual method to process
big data, it is not always the most efficient choice to process
the data. According to Boden et al [20], distributed systems are
surprisingly inefficient in training machine learning models
compared with a single workstation. The size of the input data
for this study is 25 GB and it fits into the capacity of a
standalone workstation. In future work, we would like to study
Apache Spark [20], which enables distributed machine learning
model training when the data do not fit into the memory of a
single computer.

This study does not aim to propose novel neural network
architecture, which requires many days of GPU processing time
with state-of-the-art computational infrastructure that is not
available within the scope of this project. Also, designing an
outperforming architecture for image classification is a saturated
topic, as many researchers have devoted their endeavors to this
problem in the last decade. Nevertheless, for those who are
interested in this topic, Elsken et al published a state-of-the-art
review paper [21] that provides an overview of existing works
and categorizes them into 3 dimensions.

Risk of Project Failure
An insufficient amount of image data could lead to an
underpowered deep learning solution. The proper input data
size is still an open question in the computer vision community.
The answer is, “it depends.” It depends on the number of classes,
image size, image quality, and complexity of the problem. For
instance, classifying a black image versus a white image
demands fewer input data compared with classifying a
gram-positive image versus a gram-negative image.

In medical data analysis, power analysis is widely applied for
determining the minimum sample size required. Unfortunately,
power analysis is not applicable to unstructured data such as
images. A rule of thumb for a good input size is 1000 images
per class [21], which was the basis of an object recognition
competition that was part of the Pascal Visual Object Classes
challenge [22]. This study is anticipated to have low failure,
since about 5800 gram-positive labeled images and 2700
gram-negative images are available for modeling.

Data Protection Considerations
Although this study does not use any personal information for
data analysis, the name of the input data consists of a unique
identifier for the experiment. This experiment identifier harbors
a remote risk of linking back to personal information in the
database. In the interest of data protection, this identifier is
anonymized and securely stored at the Heinrich-Lanz-Center
for Digital Health , which is protected by the hospital network
firewalls. Unlike data pseudonymization, which transforms the
identifier, data anonymization is an irreversible technique that
removes the identifier permanently. The anonymized data will
be archived for reproducibility.

The study will comply with the latest version of the Declaration
of Helsinki [23] and Professional Code for Physicians in
Germany. Patient names and other personal data are subject to
the legal requirements concerning confidential medical
communication. They comply with European Directive 2016/679
of the European Parliament and of the Council of 27 April 2016
on the protection of individuals with regard to the processing
of personal data and on the free movement of such data, the EU
General Data Protection Regulation and the German Federal
Data Protection Act, and the State Data Protection Act
Baden-Württemberg.
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Abstract

Background: A low birth weight is an independent risk factor for adverse infant outcomes and a predictor of chronic disease
in adulthood. In these situations, differentiating between prematurity and small for gestational age (SGA) or simultaneous
conditions is essential to ensuring adequate care. Such diagnoses, however, depend on reliable pregnancy dating, which can be
challenging in developing countries. A new medical optoelectronic device was developed to estimate gestational age (GA) at
birth based on newborn skin reflection.

Objective: This study will aim to evaluate the device’s ability to detect prematurity or SGA, or both conditions simultaneously
as well as predict short-term pulmonary complications in a cohort of low-birth-weight newborns.

Methods: This study protocol was designed for a multicenter cohort including referral hospitals in Brazil and Mozambique.
Newborns weighing 500-2500 g will be eligible for inclusion with the best GA available, considering the limited resources of
low-income countries. Comparator-GA is based on reliable last menstrual period dating or ultrasound assessment before 24
weeks’ gestation. Estimated GA at birth (Test-GA) will be calculated by applying a novel optoelectronic device to the newborn’s
skin over the sole. The average difference between Test-GA and Comparator-GA will be analyzed, as will the percentage of
newborns who are correctly diagnosed as preterm or SGA. In addition, in a nested case–control study, the accuracy of skin
reflection in the prediction of prematurity-related respiratory problems will be evaluated. The estimated required sample size is
298 newborns.

Results: Teams of health professionals were trained, and standard operating procedures were developed following the good
practice guidelines for the clinical investigation of medical devices for human participants. The first recruitment started in March
2019 in Brazil. Data collection is planned to end in December 2020, and the results should be available in March 2021.

Conclusions: The results of this clinical study have the potential to validate a new device to easily assess postnatal GA, supporting
SGA identification when pregnancy dating is unreliable or unknown.

Trial Registration: ReBec: RBR-33rnjf; http://www.ensaiosclinicos.gov.br/rg/RBR-33rnjf/

International Registered Report Identifier (IRRID): DERR1-10.2196/16477
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Introduction

Background
Low birth weight is associated with short- and long-term
mortality and morbidity and is a predictor of chronic diseases
in adulthood [1,2]. Small for gestational age (SGA) refers to a
newborn with birth weight below the tenth percentile for
gestational age (GA) and sex according to the expected standard
growth curve [2]. Distinguishing between prematurity and SGA
or both conditions in low-birth-weight newborns is critical to
ensuring appropriate provision of care and has the potential to
save lives [3,4]. Treatment of prematurity usually involves
respiratory support and the administration of exogenous
surfactant, to increase alveolar surface tension. Besides, most
SGA newborns may have suffered from chronic intrauterine
hypoxia due to placental oxygen delivery failure, and thus
require specific support [5]. The diagnoses of prematurity and
SGA depend heavily on a reliable GA estimation [6]. Although
easy access to early obstetric ultrasonography has overcome
many of the uncertainties related to pregnancy dating based on
a woman’s recollection of her last menstrual period [6,7], this
practice is not widely available in low- and middle-income
countries [8]. Pregnancy dating based on the last menstrual
period is affected by memory recall, confusion caused by early
pregnancy bleeding interpreted as menstruation, irregular
menses, the effect of hormonal contraception and intrauterine
devices, maternal chronic disease, and poor nutrition [9,10].
Apart from this, unequal access to technological solutions in
health care challenges the agenda of sustainable development
goals [11] and contributes to increased neonatal morbidity and
mortality. The availability of an affordable and low-maintenance
device that can accurately evaluate GA at birth has the potential
to rationalize management decisions and avoid unnecessary

interventions and their related costs, essential aspects of health
care systems [12].

Prior Work
The optical properties of the skin’s interaction with light can
be evaluated by devices that emit and receive photons [13].
Variations in light scattering through the skin are believed to
be associated with changes in skin thickness, the concentration
of chromophores, and light wavelength [14]. A novel technology
was developed to estimate GA at birth (Test-GA) by analyzing
the photobiological properties of the newborn’s skin in
combination with clinical variables [15]. This noninvasive and
nonionizing technology features a probe containing light emitters
and receivers that is brought in contact with the skin over the
sole. A mathematical algorithm provides an estimated GA within
seconds, combining the skin reflection with clinical adjusters,
such as birth weight and incubator stay [15].

The timeline of the new medical device development involves
sequential steps [16], represented in Figure 1. The prototype of
the device previously evaluated 115 newborns at 24-41 weeks’
gestation with promising results [15]. After insights from this
first clinical experiment published in 2017, the technology
received improvements to mitigate external influences in the
test, such as humidity, ambient light, and to ease the user
handling. The current version is a small device, about the size
of a pen, with an automated ability to measure skin reflection.
To reduce examiner influence, the device now warns about
errors of measurement. Clinical variables are presented in a
digital screen immediately after the newborn skin assessment.
Since February 2019, a clinical trial is taking place in 5 Brazilian
hospitals to advance the GA prediction modeling, using a sample
of 787 newborns [17]. The planned date of last enrollment is
July 2020.
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Figure 1. The development timeline of the preemie-test device. GA: gestational age.

Present Protocol of Research
This protocol gathers data from Brazil and Mozambique referral
centers. This step represents the clinical validation of the
prediction model established in the preceding clinical trials. It
aims to validate an optimized version of the device in
low-resource birth settings, using a data set obtained in different
populations, before introducing it in the market. The analysis
relies on real-world antenatal GA estimations obtained during
pregnancy in which first-trimester ultrasound may not always
be available or reliable. The primary hypothesis of this study
is that photobiological properties of the skin measured by the
device, and adjusted by clinical variables, will allow the accurate
prediction of GA (Test-GA) in low-birth-weight newborns.

The primary objective of this study is to validate the preemie
test statistical model for GA estimation at birth and its accuracy
to detect prematurity in low-birth-weight newborns. The
secondary objective is to evaluate whether there is an association
between skin reflection and the occurrence of early respiratory
complications.

Methods

Study Design
This protocol describes a multicenter prospective cohort study
that aims to evaluate the ability of the preemie test device to
estimate GA of low-birth-weight newborns. A nested
case–control study will evaluate the relationship between the
optical properties of the skin and newborn respiratory
complications related to prematurity.

Study Settings, Ethics, and Dissemination
The study will be performed in the following hospitals: Hospital
das Clínicas, Universidade Federal de Minas Gerais, and
Hospital Sofia Feldman in Brazil; and in the Hospital Central
de Maputo and Eduardo Mondlane University in Mozambique,
all of which are referral centers for high-risk pregnancies and
neonatal care. The University Research Council in Brazil acts
as the coordinating center of this multicenter cooperation. Each
local ethics review board will independently approve the study
protocol. The ethical approval number is CAAE
91134218.4.0000.5149 in Brazil, and IRB00002657 in
Mozambique. Parents will be asked to sign an informed consent
form on behalf of the newborns as recommended by the
Regulatory Bodies for Good Clinical Research Practice. The
parents will retain the right to discontinue study participation
at all times. The protocol of this clinical study is registered in
the International Clinical Trials Registry Platform (RBR-33rnjf).

Data Sharing Statement
The authors intend to share the minimal anonymized data set
necessary to replicate the study findings. Unidentified data and
study-related documents will be accessible online to the
researchers and regulatory agencies. The corresponding author
will provide data access under reasonable request.

Patient and Public Involvement
A flyer with information on the relevance, aims, and procedures
of this investigation will be distributed to parents of the
newborns. Results will be disseminated through scientific
publications, congress participation, and on the project website

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e16477 | p.363https://www.researchprotocols.org/2020/7/e16477
(page number not for citation purposes)

Reis et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


(http://skinage.medicina.ufmg.br). All participants will be
volunteers and will not receive any compensation or advantages.

Eligibility Criteria and Participant Timeline
A sequential enrollment of newborns will follow the inclusion
of participants based on eligibility criteria until the sample size
is achieved. The inclusion criteria are liveborn infants weighing
500-2499 g with GA information obtained using a qualified last
menstrual period or obstetric ultrasound <24 weeks’ gestation
(Comparator-GA). Exclusion criteria are structural skin
alterations or conditions that modify the skin, such as

anhydramnios, hydrops, congenital skin diseases, and
chorioamnionitis.

Table 1 illustrates the schedule of enrollment, test application,
and endpoint measurement. The skin assessment will occur
during the first 24 hours of age. The newborns will be followed
up for 72 hours until discharge, held in hospital (for
treatment-related purposes), or death, whichever occurs first,
considered the study exit. The newborns will continue to receive
standard assistance after the study follow-up according to
settings, resources, and local staff definitions, whether during
hospital admission or at hospital discharge or re-admission.

Table 1. Participant timeline of the study.

72 hours old: discharged, held in hospital, or deathTest-GA, ≤24 hours oldBefore Test-GAStudy procedures

XEnrollment 1: Prospective cohort studya,b

XInformed consent

XTaking of obstetric history

XIntervention: Test-GA

XComparator: Best estimation of GA available

XEnrollment 2: Nested case–control studyc

XAssessments and analysisd

aInclusion criteria are liveborn, Comparator-GA (reliable last menstrual period [18] or ultrasound assessment at <24 weeks’ gestation [8]), birth weight
(500-2499 g), and ≤24 hours old.
bExclusion criteria are malformation with structural skin alterations and skin modifiers (eg, anhydramnios, hydrops, congenital skin diseases,
chorioamnionitis).
cTo determine eligibility criteria for paired allocation according to birth weight range to either the case group (TTN or RDS) or the control group (without
TTN, RDS, tachypnea due to other reasons, or bloodstream infection).
dNeonatal outcomes including respiratory complications due to prematurity, neonatal intensive care unit admission, or ventilatory support

GA: gestational age; RDS: respiratory distress syndrome; TTN:
transitory tachypnea of the newborn.

Within the study cohort, a secondary nested case–control study
will include newborns with the following inclusion criteria: (1)
for the case group, respiratory distress syndrome or transitory
tachypnea of the newborn; (2) for the control group, newborns
will be randomly selected with no respiratory diseases or
manifestations by other conditions, paired by birth weight range:
<1000 g, 1000-1499 g, or 1500-2499 g.

Intervention
The assessment with the device will occur as soon as possible
after birth according to the detailed protocol of the skin
assessment available online [19]. The device provides automatic
data acquisition with minimum operator influence and stores
values in an electronic database. No values will be displayed
on the device screen, thereby blinding the users to the results
obtained at the time of acquisition. Characteristics of the
components, wavelength of the light emitter, and external
acquisition for the metering process categorized the safety level
of this medical device as Class II (noninvasive and medium
risk) according to the regulatory agency in Brazil. The prototype
unit of measurement and process of GA estimation are patented
(Nos BR1020170235688 and CTIT-PN862, respectively) [20].

Training, Roles, and Monitoring
Teams of health professionals were trained and standard
operating procedures were developed following the good
practice guidelines for the clinical investigation of medical
devices for human participants according to the International
Organization for Standardization 14155:2011 [21] and the
regulatory health agency’s recommendations for the approval
of medical devices [22]. The training occurred in September
2018 in Brazilian hospitals and in July 2019 in the Hospital
Central de Maputo, Mozambique. Data collection and
monitoring have been happening since then. All participating
centers were visited by the study coordinator to qualify the
clinical investigators for training in Good Clinical Research
Practice, with attention paid to the requirements for validation
of medical devices and the completion of at least 30 simulated
examinations. Local research coordinators contributed to
development of the study protocol and will supervise the data
collection and record confidentiality.

Data Definition and Collection
Comparator-GA is calculated by obstetric data obtained at the
time of enrollment. The requirements for establishing the best
GA calculation (assessed by interviewing the mother) are based
on the following:

• reliable last menstrual period dating, including certainty
about last menstrual dating, regular menstrual cycles, no
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contraceptives within 3 months of conception, and no
abortion or delivery 2 months prior to conception [18]; OR

• ultrasound <24 weeks’ gestation, considered reference for
low-income countries as recommended by the World Health
Organization (WHO) [8], even if the clinical information
on last menstrual period is absent.

For data curation, pregnancy dating based on ultrasonography
reports will be adjusted to Intergrowth 21 standards. Fetal
crown–rump length [23] as well as femur length and head
circumference will be used to recalculate GA [24]. When both
ultrasound and reliable last menstrual period dating are available,
correction will depend on whether there are discrepancies in
excess of 5, 7, 10, or 14 days according to the identified GA at
first assessment as recommended in ACOG Committee Opinion
guideline number 700 (May 2017) [6].

Test-GA will be determined by statistical analysis according to
signals stored in the device’s processor and clinical data. For
this, the GA modeling prediction is based on the result of
another ongoing clinical trial (registration number
RBR-3f5bm5). This study is taking place at 5 Brazilian centers
with the analysis of the skin reflection and clinical data of 787
newborns, with 24-42 weeks of gestation, using strict rules of
the crown–rump length ultrasound measurement for pregnancy
dating [17]. We expect to establish the prediction model toward
the end of the RBR-3f5bm5 clinical trial in September 2020.

Birth weight is the first measurement performed by the local
staff during the first 24 hours of life. A digital scale for
standardizing weighing is already present in all settings.

A double system of clinical data collection was implemented.
Trained researchers will fill out paper-based formularies and
an electronic interface. Original ultrasound and clinical
information reports of the antenatal care will be scanned. A
double-check data conference will adjust typos comparing
original paper–based documents with the electronic clinical
records before the statistical analysis. The system has been
designed to avoid inconsistencies in typing data according to
preset constraints of expected information. Recordkeeping and
server backup will be performed according to informatics best
practices. To guarantee anonymity, patient identification will
only be accessible by the collaborating center coordinators. The
data entry form is available in Multimedia Appendix 1.

Study Outcomes

Primary Outcomes
The primary endpoints will be differences between the Test-GA
and Comparator-GA estimates and proportion of correct preterm
newborn detections by the Test-GA at <37 weeks’ gestation
with a 1-week margin of error.

Secondary Outcomes
The secondary endpoint will be the proportion of correctly
identified SGA newborns under the tenth percentile of GA
according to Intergrowth 21 standards [25]. For this endpoint,
the proportion of SGA newborns detected by the Test-GA will
be compared with that detected by the Comparator-GA.

Others secondary endpoints in the case–control nested study
will be the capacity of the Test-GA results to predict the
following neonatal complications:

• Respiratory distress syndrome based on clinical and
radiological findings and respiratory outcomes [26,27].

• Transitory tachypnea of the newborn based on clinical
findings and respiratory outcomes [26].

• Ventilatory support due to pulmonary immaturity.
• Neonatal intensive care unit admission for pulmonary

immaturity.

Sample Size
The sample size calculation is estimated based on the primary
endpoint. Previous studies reported that Test-GA has 90%-100%
accuracy at identifying premature newborns [28]. Using the
inferior value of the confidence interval, an overall sample size
of 298 newborns, including premature and term, is required for
a robust evaluation of the device’s accuracy as recommended
by Flahault et al [29].

Statistical Analysis
To assess differences between the Test-GA and Comparator-GA
estimates, average difference (with standard deviations),
intraclass correlation coefficient, paired t-testing, and
Bland–Altman scatter plots [30] will be used. To evaluate the
accuracy of Test-GA in identifying preterm and SGA neonates,
sensitivity, specificity (with 95% confidence intervals), and
receiver operating characteristic curves and other discriminant
analysis techniques will be calculated. The relationship between
the measurement of the newborn’s skin reflectance and
newborn’s respiratory complications due to immaturity will be
evaluated using receiver operating characteristic curves,
association tests, and risk ratios. The significance level for
hypothesis tests will be 5%, together with 95% confidence
intervals.

Results

The study began in November 2018 with the training of health
professionals in the different participating centers. Then,
standard operating procedures were developed following the
good practice guidelines for the clinical investigation of medical
devices for human participants. The first recruitment started in
March 2019 in Brazil. Data collection is planned to end in
December 2020, and the results should be available in March
2021.

Discussion

Strengths and Limitations
The novel device is expected to contribute to the risk evaluation
of the newborn, adding clinical value anywhere a child is born
without GA information, with focus on scenarios with a limited
access to high-cost technology. GA is a trigger information in
birth scenario for making decisions on the best delivery of care
[6-8]. Actions for the preterm birth morbidity and mortality
mitigation face the faith that GA estimate is a trivial task [31].
This study will provide evidence of the accuracy of an original
method for GA calculation at birth that will be useful in settings
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where GA is not routinely assessed by ultrasound during
pregnancy [8]. Last menstrual period dating will be estimated
by interview [18] and clinical document scanning to overcome
the issue of absent ultrasound dating and memory recall
inaccuracies. WHO recognizes 4-As medical devices as essential
to the reliable functioning of health systems. For this proposal,
the framework of development gathers Available, Accessible,
Appropriate, and Affordable health technologies [32]. Effective
and low-cost medical devices might be a contribution to
mitigating the gap between well-equipped care settings and the
needy ones for the reduction of preventable newborn deaths
[8,33]. The emergent technology we test in this clinical study
(ie, light scan to determine skin age) is included in the WHO
compendium of innovative health technologies for low-resource
settings due to the potential to improve health systems in these
settings [33].

Regarding the step for a new technology validation, previous
reports suggested alternative approaches for postnatal GA
prediction, as well as for forecasting respiratory morbidity
related to preterm birth prognosis. Using some elements of the
newborn screening of congenital diseases associated with birth
weight, a predicting mathematical model estimated the GA with
high accuracy [34]. The accuracy analyses were useful to
evaluate the performance of quantitative ultrasound texture

assessment in order to predict neonatal respiratory morbidity
[35].

This study will also evaluate an additional step beyond the
prematurity identification based on the GA, the capacity of the
technology to identify immediate respiratory complications due
to immaturity in the newborn. The lung maturity of a newborn
is related to a deficiency of surfactant, a phospholipid essential
for alveolar stability, which is affected by the chronology of
gestation and factors such as maternal disease [36]. This
hypothesis is based on the synchronous development of fetal
organs and tissues during gestation. We expect limitations in
respiratory outcome evaluations, from the chest X-ray pattern
and the improvement after surfactant therapy, as these resources
are not always available in low-income settings. However, we
believe that GA assessed by the new device could also help to
identify those newborns who need respiratory support in the
target population.

The results of this clinical study have the potential to validate
a new device to easily assess postnatal GA, supporting SGA
identification when pregnancy dating is unreliable or unknown.
The quality of information about the chronology of pregnancy
at birth is critical for the detection of premature and SGA
newborns, differentiating small and sick infants from those who
are small but healthy [6].
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Abstract

Background: Internet-based cognitive behavioral therapy (ICBT) for mental health issues has been successfully implemented
in routine health care settings, and research indicates that ICBT can also be applied to decrease problematic alcohol use in
workplace settings. However, studies investigating the feasibility of implementing ICBT in a workplace setting have been lacking.

Objective: The current study aims to investigate the feasibility of delivering ICBT for problematic alcohol use within an
employee assistance program (EAP).

Methods: The study has a quantitative naturalistic design, quantitively comparing ICBT and face-to-face treatment, and allowing
for qualitative interviews with employees and employers. Recruitment of participants follows a five-session in-person psychological
assessment at an EAP regarding an employee’s presumed problematic alcohol consumption. All assessed employees referred to
ICBT or face-to-face treatment will be offered participation in the study. Interviews will be held with employees and their employer
representatives following ICBT to elucidate both stakeholders’ experience and perception of ICBT and its context. Outcome
comparisons between ICBT and face-to-face treatment will be assessed quantitatively using a Reliable Change Index and analysis
of variance. Thematic analysis and Grounded Theory will be used to analyze the interview material.

Results: The study is set to begin in April 2020 and to end in September 2021. The aim is to recruit up to 150 participants to
the quantitative part of the study and 45 participants (15 employees and 30 employer representatives) to the qualitative part of
the study.

Conclusions: The current study will provide knowledge that is lacking and urgently needed on how to implement ICBT for
problematic alcohol use in a workplace setting.

International Registered Report Identifier (IRRID): PRR1-10.2196/18693
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Introduction

Problematic alcohol use causes harm both to the individual and
to significant others, as well as generates considerable societal
costs [1]. Alcohol consumption has declined in high-income
countries, in parallel with substantial increases in
lower-middle-income countries, although the overall prevalence
of problematic alcohol use is still worryingly high [2]. In
Sweden, 20% of men and 13% of women are considered
hazardous drinkers [3]. Costs to society due to alcohol have
been estimated to exceed one percent of the gross national
product in high- and middle-income countries [1]. About half
of all societal alcohol-related costs comprise loss of production
at the workplace due to factors such as absence and reduced
work capacity. Other common consequences of problematic
alcohol use among employees are accidents, injuries, and
increased healthcare costs [4-6]. The many negative
consequences of hazardous alcohol use among employees are
often presented as arguments for employers to implement
alcohol prevention measures, capitalizing on the potential of
the workplace to serve as a platform for primary, secondary,
and tertiary prevention [7], since only one-fifth of individuals
with alcohol use disorder seek treatment for their problems [8].
In Sweden, employment covers over two-thirds of the population
between the ages of 15 and 74 [9]. Given that adults spend a
large proportion of the day at the workplace, exposure to
preventive interventions can be maximized [6]. To this end,
employee assistance programs (EAP) have been developed to
provide early and easily accessible help for employees [7].

Internet interventions in the form of internet-delivered cognitive
behavior therapy (ICBT) have been studied for more than 20
years, and research shows that, for mood and anxiety disorders,
they are often as effective as face-to-face psychotherapy [10].
Although some of these interventions have been developed as
public health interventions, accessible to the general public,
many have been developed as clinical alternatives to regular
psychotherapy, and there are now several examples of clinics
offering therapist-guided ICBT as an integrated part of routine
health care [11]. Although there are fewer studies on ICBT for
problematic alcohol use compared to ICBT for mood and anxiety
disorders, the literature suggests that ICBT is also beneficial
for this population [12]. A recent individual patient data
meta-analysis demonstrated that internet interventions for
problematic alcohol use are effective in reducing alcohol
consumption, with guided interventions being more effective
than unguided ones [13]. Studies on internet interventions for
problematic alcohol use have mainly been conducted in general
population samples [14], although there are successful examples
of internet interventions conducted in clinical settings [15].
Further, a handful of studies have been conducted in workplace
settings; for example, a six-week internet intervention
specifically tailored to employees resulted in significant
reductions in weekly standard units regardless of whether the
employee received guidance from a psychologist or not [16],
while a fully self-guided internet intervention with 62 modules,
showed significant reductions over time in alcohol consumption.
However, there were no significant differences in comparison
to a self-help booklet [17]. Although these studies suggest that

ICBT can be successfully used in a workplace setting, there are,
to our knowledge, no studies on the feasibility of ICBT for
employees at a site that provides EAP. Offering ICBT at sites
using EAP has several advantages compared to face-to-face
CBT. Since ICBT is available online anytime, the employee
does not need to leave the workplace to receive treatment, thus
reducing travel time and expenses associated with face-to-face
treatment. If production loss due to treatment is cut, the
employer might be more prone to pay for treatment and help
the employee, particularly in smaller businesses and those not
affiliated with an EAP provider [18]. Studies on the feasibility
of ICBT at sites providing EAP, from both quantitative and
qualitative perspectives, are needed in order to promote a greater
understanding of how internet interventions might be provided
in this context, possibly increasing the likelihood of successful
dissemination of internet interventions in workplace settings in
Sweden and elsewhere. Also, introducing ICBT at an EAP has
several advantages compared to face-to-face treatment: lesser
absenteeism from work due to reduced travel, less attrition from
the more easily accessed treatment, and the employer might be
more prone to cover treatment costs since cutting travel time
means less production loss.

Objectives
This study aims to investigate the feasibility of providing ICBT
for employees with problematic alcohol use at Alna Sweden, a
provider of EAP in Sweden. In order to determine feasibility,
both quantitative and qualitative approaches will be used. The
quantitative aspect of the study concerns evaluating ICBT in
comparison with face-to-face treatment. The following research
questions will be addressed:

1. What changes in alcohol consumption and mental health
occur over time among employees who receive ICBT or
face-to-face treatment for problematic alcohol use?

2. In what way do alcohol and mental health outcomes differ
between employees exposed to ICBT as compared to
face-to-face treatment?

The following research questions will be investigated in
qualitative interviews among those receiving ICBT:

1. The employee perspective:
a. What does the employee perceive as positive or

negative about receiving ICBT for problematic alcohol
use?

b. Does the employee experience any specific influence
of the workplace setting on receiving ICBT; if so, how
is it expressed?

2. The employer perspective:
a. How does the employer perceive possible effects of

ICBT on employee functioning in the workplace during
and after treatment?

b. To what extent does the employer perceive ICBT as a
feasible intervention for problematic alcohol use in the
workplace setting?
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Methods

Overview
In the current research project, employees who undergo an
assessment at Alna Sweden and who are referred to
psychotherapy for problematic alcohol use will be offered

participation in the quantitative naturalistic study. Those who
are recommended ICBT will also be offered participation in a
qualitative study (see Figure 1 for an overview).

During the study, Alna will offer ICBT administered by
treatment providers (psychologists and psychotherapists)
working for Alna. The providers will receive training in ICBT
delivery before the start of the study.

Figure 1. Flowchart for recruitment procedure.

Treatment Setting
Alna Sweden is an organization that was founded in 1961 by
the central trade unions and employers’organizations. The Alna
EAP offers prevention, assessment, and treatment of alcohol
and drug use problems among employees at organizations and
companies all over Sweden. Alna conducts around 150 employee
assessments per year. Usually, these assessments are initiated
based on employer concern about an employee’s current alcohol
or drug use. The Alna assessment, which is carried out by

licensed psychologists, consists of a comprehensive mapping
of the employee’s current problems and resources as well as an
assessment of the employee’s treatment needs. In the majority
of cases, the assessment leads to recommendations for further
treatment, usually in the form of 10-15 sessions of face-to-face
CBT based on relapse prevention [19]. In the vast majority of
cases, the employer chooses to follow the recommendation for
referral to treatment and also finances the treatment. With
Sweden being a sparsely populated country, employees who
receive treatment often live at great geographical distances from
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the nearest Alna Sweden treatment provider, resulting in
significant workplace absenteeism in the form of travel time,
aside from any absenteeism due to the actual session time.

Recruitment Procedure
Recruitment will take place following the Alna assessment of
employee needs. The assessment begins with a session where
the employee participates together with an employer
representative (usually the manager or personnel from human
resources). The focus of this initial session is on the employee’s
alcohol consumption, which has, in some way, affected work
performance. The employee then undergoes a comprehensive
psychological assessment over 3-4 subsequent sessions, which,
in addition to alcohol consumption and other addictive
behaviors, also covers mental and physical health, social
relations, economic aspects, and motivation for change. Blood
samples are taken in parallel to the psychological assessment.

Naturalistic Study
Towards the end of the assessment, all employees referred for
psychological treatment (both face-to-face and ICBT) will be
invited to participate in the study by the Alna assessment
psychologist. If the employee consents, the appropriate treatment
(face-to-face or ICBT) will be proposed for the employer. If the
employer approves the cost, the employee will be referred to
the chosen treatment, and written informed consent will be
obtained at the last assessment. The participants will then be
contacted by the researchers and be asked to respond to an online
survey, accessed via an e-mail link.

Qualitative Study
In cases where the treatment provider considers ICBT a suitable
for the employee, it will be presented as a treatment alternative
requiring participation in post-treatment interviews. After that,
the procedure is the same as in the naturalistic study. Hence, if
the employer agrees to cover the cost for ICBT, and informed
consent is collected, the participants will be contacted by the
researchers and be asked to respond to the online survey,
accessed via an e-mail link. The participants in the qualitative
study will also receive information about the interview. These
participants will be included in the naturalistic (responding to
the survey) and the qualitative study (participating in the
interviews). Up to 30 participants will be recruited for the
qualitative study.

Eligibility

Inclusion Criteria
All employees who have undergone the Alna assessment and
have been referred to face-to-face treatment or ICBT are eligible
to participate in the naturalistic study. Those who have been
referred to ICBT are also eligible for inclusion in the qualitative
study. ICBT will only be available to employees agreeing to
participate in the qualitative study. All employers with
employees who have been referred to ICBT will be offered
participation in the part of the qualitative study that concerns
employers.

Exclusion Criteria
For the naturalistic study, exclusion criteria are drug use
(information collected during the assessment) and suicidality
(information collected during assessment and treatment).

Study Design

Naturalistic Study
All employees undergoing an Alna assessment and who are
referred to psychological treatment, either regular face-to-face
or ICBT, will be offered participation in the naturalistic study.
Informed written consent will be provided at the final assessment
session. Those who agree to participate will be provided a link
to an online survey for pre-treatment measurement. A follow-up
evaluation will take place immediately after completion of
treatment (face-to-face psychotherapy or ICBT) and after
another six and 12 months. Data collected at the start of the
Alna assessment will be included retroactively, to allow
evaluation of possible behavior changes during the assessment.
Every employee that is offered treatment at Alna will be asked
to participate in the study. Since Alna carries out approximately
150 assessments per year, the goal is to recruit all of the assessed
employees. The recruitment process will go on for a year and
a half if needed.

Qualitative Interview Study
In the qualitative study, employees referred to ICBT and their
employers will be asked to participate in interviews, the former
targeting the employee’s experiences of ICBT and the later
targeting employer perceptions. A total of 45 participants will
be recruited, with up to 30 employees and up to 15 employer
representatives. Semi-structured interviews will take place
within two months following treatment conclusion. Interview
guides will be based on the research objectives presented. A
panel of researchers with a background in addiction and/or
internet-delivered treatment will be asked to review the
interview guides to ensure that the relevant areas are covered.
The employees and employer representatives who agree to
participate in the study will receive the interview questions in
advance to be able to reflect on the topics included, thus,
increasing the possibility of describing their experiences of
treatment accurately. The interviews will mainly be conducted
via telephone or video meetings since participants are recruited
from all over Sweden, but may also be carried out face-to-face.
All of the interviews will be recorded and transcribed verbatim.

Platform and Login Procedure for the
Internet-Delivered Treatment
The web-based treatment platform that will be used to deliver
ICBT will require a secure, two-factor identification bank-issued
national e-identification login. This identification process
ensures that the right person receives the treatment and that
unauthorized persons cannot access the treatment or stored data.
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Outcome Measures

Online Survey Questionnaires

Timeline Followback

A seven-day Timeline Followback questionnaire (TLFB) [20,21]
will be used to measure preceding week alcohol consumption,
as measured in standard units. TLFB can be used during
different measures of time, eg, one or two weeks. The user has
to specify how much alcohol he/she has consumed each day
during the specified period.

Alcohol Use Disorders Identification Test

The Alcohol Use Disorders Identification Test (AUDIT) will
be used to measure problematic alcohol use [22]. AUDIT has
10 items. The minimum score is 0, and the maximum score is
40. Eight of the questions have an item response range from 0
to 4, ranging from “Never” to “Almost every day.” Two
questions have an item response in three steps (0, 2, and 4),
ranging from “Never” to “Almost every day.” The instrument
has a one-factor solution.

Patient Health Questionnaire-9

The Patient Health Questionnaire-9 is a nine-item instrument
that measures depression, including a final item measuring
suicidal thoughts. The instrument has excellent internal
consistency (Cronbach α=.89) and good test-retest correlation
(.84) [23]. The instrument has a single-factor solution. The
minimum score is 0, and the maximum is 27 points [23]. Item
responses range from 0 (“Not at all”) to 3 (“Nearly every day”).

Generalized Anxiety Disorder-7

The Generalized Anxiety Disorder-7 is a short instrument
designed to measure anxiety. Its internal consistency is excellent
(Cronbach α=.92), and it has good test-retest reliability
(intraclass correlation .83) [24]. The questionnaire contains
seven questions and has a single-factor solution. It is a
self-report measure, with a minimum score of 0 and a maximum
score of 21 points, with an item range of 0 (“Not at all”) to 3
(“Nearly every day”) [24].

The World Health Organization-Five Well-Being Index

The World Health Organization-Five Well-Being Index is an
internationally validated instrument focused on well-being,
consisting of five items. Good internal consistency was observed
in a Swedish general population sample (Cronbach α=.83). The
minimum score is 0, and the maximum score is 15 [25]. Item
responses range from 0 (“All of the time”) to 3 (“Never”).

Blood Samples
Blood samples for two alcohol markers, carbohydrate-deficient
transferrin (CDT) and Phosphatidylethanol (B-PEth), will be
taken at the start of the assessment and then once a month during
treatment. B-PEth and CDT are indicators of alcohol intake.
Both markers can detect low levels of alcohol intake. The
diagnostic sensitivity was 99% for B-PEth, and for CDT, the
sensitivity varied based on intake from 40% for low intake to
90% for very high intake. Specificity is very high for PEth
(99%) and is lower for CDT [26].

Internet-Delivered Treatment
The ICBT program to be used in this study has been evaluated
in previous studies in problematic alcohol use [27,28]. It is
based on CBT and relapse prevention and includes 13 modules,
each consisting of text and a worksheet with practical exercises.
The program also includes an alcohol diary. In the current study,
the program will be used together with guidance from a
psychologist/psychotherapist both through written platform
messages and via three video sessions. For details about
treatment content, see [27].

Ethical Considerations
As with all psychological treatment, there is a small risk that
participants in internet-delivered treatment deteriorate [29]. As
an additional safety measure, employees participating in ICBT
will respond to questions on suicidal ideation every week and
will be monitored weekly for alcohol consumption and mood
changes. Among those receiving ICBT, the therapist and
employee will meet via weekly video sessions three times during
treatment. If a participant deteriorates during ICBT, Alna will
offer support face-to-face and via telephone and, if necessary,
alternative treatment, and the employer will be informed,
consistent with Alna’s standard procedure. During the
interviews, the participants will have the opportunity to reflect
and reason about their process, which can create awareness of
their treatment and perhaps lead to further positive effects of
the treatment, which can, in turn, promote healthier behaviors
and promote overall well-being.

Another ethical issue is data security. All databases containing
personal data will be encrypted to minimize the risk of a breach.
In addition, all the servers where data is stored will be encrypted
and require a one-time password to be made available for
analysis. Furthermore, data will be handled according to the
European Union General Data Protection Regulation. All
recorded interviews and associated transcripts will be stored on
Stockholm University’s encrypted database. The audio files
will not contain identifying information (name, workplace, etc).
Also, no names or social security numbers will be used in the
online survey tool and database (Qualtrics) where
self-assessment forms are completed; research participants will
identify themselves with a code assigned to them by the
researchers.

The issues stated above were addressed in an ethical application
to the Swedish Ethical Review authority, which approved (Ref.
2019-04183).

Planned Analysis
Since the study has a mixed methods design, both quantitative
and qualitative methods will be applied.

Quantitative Analysis
The quantitative data will be analyzed by using the Reliable
Change Index, identifying clinically significant change on an
individual level [30]. The significance level to calculate the
Reliable Change Index was set at P<.05. Analysis of variance
or generalized estimating equations will be used to analyze
outcome data. Within- and between-group effect sizes also will
be calculated.
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Qualitative Analysis
The interviews will be carried out by the first and second
authors. Interview length will vary between 45-60 minutes and
will be transcribed ad verbatim. The participants will not be
allowed to double-check and confirm the answers given in the
interview. The main reason for this is that the participants will
receive the questions before the interview and will thus be able
to prepare answers. The interviews will be analyzed by using
thematic analysis [31] and Grounded Theory [32,33]. Both the
first and second authors will code the data. The transcripts from
the employees and the employer representatives will be analyzed
using inductive thematic analysis. The six steps proposed will
be used in the analytic endeavor covering helping and hindering
factors [31]. Grounded Theory will be applied to describe the
process of attending ICBT in a workplace setting [34]. The
coders will have an ongoing discussion about when saturation
of the model is met. The focus will be to build a model mirroring
the process that the different participants underwent during
treatment.

Attrition Management
Employees who do not complete ICBT will be included in both
the quantitative and qualitative analyses to ensure a robust
analysis of the outcomes of the treatments. Also, face-to-face
non-completers will be included in the analysis. Comparisons
between baseline characteristics of the attrition group and
treatment completers will be reported. If an employee
participating in the qualitative part of the project declines to
participate in the interview, an additional participant will be
recruited.

Results

The results from this study will yield an understanding of ICBT
in a workplace setting and of whether it could be helpful for
employees; an understanding of the employer representative
will also be gained.

Recruitment started in April 2020 and is expected to continue
until September 2021. Manuscripts for publication will be
drafted after that, one focusing on the quantitative outcomes
and three focusing on the qualitative analyses. Quantitative
results are expected to be submitted at the end of 2021, and the
qualitative data will be submitted for publication in spring 2022.

Discussion

The workplace offers unique opportunities to reach people with
problematic alcohol use. Internet-delivered treatment offered
within the context of an EAP has several advantages over
face-to-face treatment that could stand to benefit both employees

(ie, reduced travel time and travel expenses, increased
anonymity) and employers (ie, lower production loss). However,
proper scientific evaluations are critical before this form of
treatment can be meaningfully implemented into such
organizations on a broader scale.

Strengths and Limitations
There are several strengths to the current project. First, although
there are a handful of studies conducted on internet-delivered
treatment in the workplace [16,17], this is the first study on
internet-delivered treatment conducted within the context of an
EAP. The current study will, therefore, have important
implications for EAPs and similar organizations that are
interested in implementing internet-delivered treatment, possibly
as an alternative to face-to-face treatment. Further, this is also,
to our knowledge, the first study to investigate the
internet-delivered treatment of problematic alcohol use using
a “mixed methods” approach, ie, applying both quantitative and
qualitative methods. Thus, the quantitative evaluations of the
treatment will be complemented with qualitative interviews,
providing insight into the diversity of experiences and
viewpoints among employees and employers involved in the
internet-delivered treatment. Finally, outcomes of
internet-delivered and face-to-face treatment will be compared
in terms of drinking and overall mental health.

Some study limitations are apparent a priori. The quantitative
study is a naturalistic one, and the results will indicate possible
trends in results, but without the possibility of assessing
causality. Also, the qualitative study will consist of a
convenience sample from the quantitative cohort, possibly
resulting in a biased selection. However, some of the helping
and hindering factors associated with delivering ICBT in a
workplace context can serve as a starting point for future studies
and serve as a foundation for future implementation. Also, the
participants might exaggerate treatment gains and positive
aspects of the treatment since it is financed by their employer.
Special attention will be focused on this aspect during the
interviews. Attrition can be a problem in any study investigating
treatment effects and is especially common in internet
interventions. However, non-completers will be included in the
analysis to ensure that attrition is taken into account when
reporting outcomes. Another limitation to be taken into account
is the probable effect of the assessment procedure. As the Alna
assessment with its five separate sessions is quite
comprehensive, a positive change in the employee’s
consumption, mood, and other symptoms is expected to occur
even before the start of treatment. As mentioned, a
pre-assessment data collection point has been included to allow
evaluation of the impact that the assessment might have.
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Abstract

Background: Respiratory rate (RR) is the most sensitive physiological observation to predict clinical deterioration on hospital
wards, and poor clinical monitoring has been highlighted as a primary contributor to avoidable mortality. Patients in intensive
care have their RR monitored continuously, but this equipment is rarely available on general hospital wards.

Objective: The primary objective is to assess the accuracy of the RespiraSense device in comparison with other methods
currently used in clinical practice. The secondary objective is to assess the accuracy of the RespiraSense device in participants
in different positions and when reading aloud.

Methods: A single-center, prospective observational study will investigate the agreement of the RespiraSense device as compared
with other device measurements (capnography, electrocardiogram) and the current standard measurement of RR (manual counting
by a trained health care professional). The different methods will be employed concurrently on the same participant as part of a
single study visit.

Results: Recruitment to this study has not yet started as funding decisions are still pending. Therefore, results are not available
at this stage. It is anticipated that the data required could be collected within 2 months of first recruitment to the study and data
analysis completed within 6 months of the study start date.

Conclusions: The Evaluation of Agreement of Breathing Rates Measured by a Novel Device, Manual Counting, and Other
Techniques Used in Clinical Practice (VENTILATE) study will provide further validation of the use of the RespiraSense device
in subjects with abnormal respiratory rates.

International Registered Report Identifier (IRRID): PRR1-10.2196/15437
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Introduction

Background
Patients admitted to acute hospitals undergo regular monitoring
of their vital observations as a key component of their care. In
2007, the National Institute for Health and Clinical Excellence
(NICE) produced recommendations for the measurement and
recording of physiological observations [1] in response to
several multicenter studies that revealed a significant lack of
documentation of these observations.

Since the 1990s it has been recognized that the respiratory rate
(RR) is the most sensitive physiological observation to predict
cardiac arrest on hospital wards [2]. Despite this understanding,
monitoring of the RR is demonstrated to be the most common
vital sign to be inaccurately measured or recorded [3-5]. More
recently, poor clinical monitoring has been highlighted as a
primary contributor to avoidable mortality in English hospitals,
implicated in 31% of preventable deaths [6].

The most commonly taught and used technique for measuring
the RR is manually counting the number of breaths per minute
a patient takes. A manual RR should be measured for a period
of at least 1 minute, and the normal range for adults (aged 18
years and above) is 12 to 20 breaths per minute [7]. However,
a recent cross-sectional study identified significant inaccuracies
in the measurement of the RR among UK doctors and
highlighted it as an important aspect of clinical care that is
currently being poorly performed [8]. Manual counting among
other clinical staff in routine practice has also been observed to
be inaccurate, possibly due to the approach of counting breaths
for 15 seconds and then multiplying by 4 to get breaths per
minute, thus introducing error. This leads to somewhat of a
self-fulfilling prophecy where expected inaccuracies in the
measurement of the RR reduce the confidence of clinical staff
at all levels in the usefulness of a reportedly abnormal RR [9].

Patients in intensive care are able to have their RR monitored
accurately and continuously by capnography [10]. This type of
monitoring can be invasive as it usually requires endotracheal
intubation, and patients in other hospital areas do not usually
need such an invasive intervention nor is the nursing staff likely

to have access to such equipment. However, a systematic review
has identified that the existing evidence for routine continuous
noninvasive respiratory monitoring on general hospital wards
is still inconclusive, and studies are lacking in methodological
quality [11]. It recommends that future research should focus
on technology explicitly suitable for general hospital wards and
explore tailored alarm and treatment algorithms. The first step
in such research is to explore the level of agreement between
any new technology and current methods of establishing RR.

The significance of the accuracy of the RR recording cannot be
overestimated [8,9]; it plays an important role in many clinical
assessment systems, including the assessment of acute asthma
and systemic inflammatory response syndrome and in the
calculation of early warning scores [8]. This score alerts staff
to any clinical deterioration and depending on the severity of
the score, prompts a review from nursing or clinical staff.

The adoption of these scores has subsequently led to the
development of multiple track and trigger information
technology systems to allow early detection of patient
deterioration [1]. Current systems rely on the manual assessment
of the RR by a health care provider (HCP) and entry of data
onto a live database in order for it to be processed. At
Portsmouth Hospitals NHS Trust (PHT), the Vitalpac (System
C) mobile clinical software system is used to record observations
and calculates an early warning score (National Early Warning
Score [NEWS]) depending on the degree of deviation from the
normal range, with the total score proportionate to the overall
level of risk (Table 1).

The RespiraSense device (PMD Solutions Ltd) was developed
to improve the detection of changes in the RR in order to alert
staff to out-of-range values that may be clinically significant.
In a 48-patient investigation, data were collected to evaluate
the difference in RR measurements between the developed
RespiraSense device, electrocardiogram (ECG), and direct
nursing observations [12]. A clinically relevant agreement
between all RR measurements by the 3 different methods was
demonstrated. However, few abnormal values were recorded
in this investigation, and further research is required to ensure
that the device works well to accurately measure the RR at
values both higher and lower than the normal range.
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Table 1. Escalation protocol for the deteriorating patient [8].

ScoreVital sign

3210123

≥131 Unrecordable due to
patient condition

111-13091-11051-9041-50—≤40Pulse

Unrecordable due to patient
condition

≥3938.1-3936.1-3835.1-36—≤35Temperature (°C)

≥220 Unrecordable due to
patient condition

——111-219101-11091-100≤90BPa systolic (mm Hg)

≥25 or Unrecordable due to
patient condition

21-24—12-209-11—≤8Respiratory rate (bpm)

Voice pain unresponsivec——Alert———AVPUb

Unrecordable due to patient
condition

——≥96 or Unrecordable because
patient refused, equipment
unavailable, other reason

94-9592-93≤91SaO2
d

—Any supple-

mental O2
e

—Air———Inspired O2

aBP: blood pressure.
bAVPU: alert, verbal, pain, unresponsive.
cIf AVPU is V or C due to patient sedation, it will be charted as S and score 0 rather than 3.
dSaO2: oxygen saturation.
eNote that “any supplemental O2” applies to any supplemental oxygen the patient is receiving. It does not apply to patients who are on masks through
which only air is being supplied (air delivery possible through tracheostomy, bilevel positive airway pressure or continuous positive airway pressure,
for example).

Objectives
This research aims to assess the accuracy of the RespiraSense
device in comparison with other methods (capnography, ECG)
and standard care (manual RR monitoring) in healthy
participants across a range of predetermined RRs. The
information from this study will contribute to the evidence base
on RespiraSense to enable its use in clinical practice.

This investigation will supplement the following research that
has been conducted in demonstrating the efficacy and/or
accuracy of RespiraSense in a clinical setting:

• “Evaluation of a continuous monitoring device in capturing
respiratory rate compared to industry standard and gold
standard” (Bangor, study reference PMD-CS-007)

• “Can respiratory rate predict the risk of deterioration of
septic patients?” (Denmark, study reference PMD-CS-006ii)

• “A quality assurance study of respiratory rate measurements
on obese patients with a novel monitoring technology”
(Portsmouth, study reference PMD-CS-011)

The primary objective is to assess the agreement of the
RespiraSense device with alternative methods of RR counting
in healthy participants. Secondary objectives are to (1) explore
whether the position of the participant has any effect on the
agreement between the RespiraSense device readings and
alternative methods of RR counting, (2) explore whether the
agreement of the RespiraSense device and alternative RR
methods alters when a participant is reading aloud, and (3)
establish agreement between manual counting of the RR and
retrospective adjudication of video. The exploratory objective
is to record any dermatological effects of the device.

Methods

Patient Selection
Selection criteria for the study are shown in Textbox 1.
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Textbox 1. Selection criteria.

Inclusion

• Male or female

• Aged ≥18 to 60 years

• Able and willing to provide written informed consent

Exclusion

• Any significant medical condition that may be worsened by the effect of slow or fast breathing

• Significant hearing impairment

• Skin unsuitable for device following assessment of skin fragility

• Unable to access left side of abdominal wall to attach device

• Neuromuscular disease and irregular chest wall movements

• Allergy to medical-grade skin adhesive

• Pregnant women during second and third trimester

Recruitment
Participants will be recruited from the population of staff and
students currently working or on placement at PHT. Flyers
advertising the study will be posted in communal areas where
these groups are likely to congregate (eg, doctors’ mess, ward
break rooms). These flyers will contain contact details for the
research team and advise those who are interested in taking part
in the study to contact the research team.

Potential participants will be contacted by telephone and sent
a participant information sheet (PIS). Participants who then
wish to take part in the study will be invited to a screening visit.
During this visit, the study will be explained, all questions
answered, and participant will be screened against the inclusion
and exclusion criteria. Additionally, the participant will be asked
to breathe at a rate of 30 breaths per minute to assess their
comfort while performing a study procedure. Those who are
unable to maintain a rate of 30 breaths per minute for 2 minutes
will be excluded from the study. Following this screening visit,
the participant will be followed up with a telephone call to
confirm that they are still willing to take part in the study.

Study Design
The study is a single-center, prospective observational study to
investigate the agreement of the RespiraSense device compared
with (1) other device measurements (capnography, ECG) and
(2) the current standard measurement of RR (manual counting
by a trained HCP). The different methods will be employed
concurrently on the same participant as part of a single study
visit.

Once participants have provided consent, the following baseline
data will be collected:

• Demographics (age, sex)
• Height, weight (to calculate body mass index)

• Skin assessment at RespiraSense device attachment site
(color, texture, uniformity of appearance, integrity). It will
also be confirmed that the skin has no discoloration or rash,
epidermal loss, blistering, edema, tears, maceration or
folliculitis

• Oxygen saturation and pulse oximetry

Participants will be asked to wear a hospital gown and be
positioned on an examination couch in the simulation suite. The
RespiraSense device, a nasal cannula, and an ECG will be
attached and a video recorder positioned to ensure the viewers
of the video experience the same image as the HCP performing
manual RR monitoring.

A computer-based metronome will be used to produce a
repetitive tone at a set rate, which is played to each participant
via headphones. The metronome has been produced for the
study by the study sponsor team using Microsoft Visual Basic.
The metronome rates will be generated using a random number
generator program, and the order of the different rates will vary
with each participant to ensure the rates are random. The
participants will be asked to begin to inspire when each tone is
heard and will be given a 20-second warm-up period during
which time they will regulate their breathing pattern to match
the rate of the tone they hear. Each participant will be asked to
breathe at one value from each of the following categories for
2 minutes:

• ≤8 breaths per minute
• 9 to 11 breaths per minute
• 12 to 20 breaths per minute
• 21 to 24 breaths per minute
• 25 to 29 breaths per minute
• 30 to 35 breaths per minute

One rate will be randomly generated from within each of the 6
categories. Examples of potential sets are shown in Table 2.
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Table 2. Examples of possible sets of metronome rates to be used.

Sixth rateFifth rateFourth rateThird rateSecond rateFirst rateParticipant

32281723106Participant A

2631229145Participant B

27332113711Participant C

Each participant will be studied in the normal position (ie, sitting
at 45 degrees on a couch) for 6 different metronome rates. They
will then be studied in one of the three following additional
positions for an additional 4 metronome rates: supine (flat on
their back), left lateral decubitus (recovery) position, or sitting
at 90 degrees (chair position).

Each metronome rate will be maintained for 2 minutes with 2
to 5 minutes in between for transition (or longer if required by
the participant to return to normal breathing rates). A full process
flow of the requirements of each participant is shown in Figure
1.

Figure 1. Participant process flow diagram.
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The research team will consist of 3 members; the layout of the
study room is shown in Figure 2. Research member 1 will
indicate to the participant when a new metronome rate starts.
After the 20-second warm-up period, research member 1 will
indicate the beginning of the 2-minute monitoring period by
announcing the word Start. The HCP will start their manual
counting of the participant’s RR 30 seconds after the beginning
of each new metronome rate; they will be informed by research

member 1 when to start counting. They will be given 60 seconds
to calculate the manual RR and will be informed by research
member 1 when to stop counting. They will then record the RR
in the case report form. The participant will continue to breathe
at the specified rate for a further 30 seconds (for a total of 2
minutes) and will be informed by research member 1 when the
metronome rate has finished so that they return to normal
breathing.

Figure 2. Schematic of room layout.

Research member 3, blinded to the rates being played in each
metronome rate, will record RR values for the continuous ECG
and capnography monitoring and the X Series monitor (Zoll
Medical Corp) at 60 and 120 seconds. Research member 2 will
press the Start and Stop button on the RespiraSense device at
the beginning and end of each 2-minute metronome rate and
will record the start and stop time on the case report form.

Following the 10 metronome rates, the participant will then be
asked to read a verse from a book for 2 minutes. During this
time, their RR will be monitored in the same way as for the 10
metronome rates. Once the participant has finished reading
aloud, the study will finish.

Throughout the study procedure, a video recording will be made
using the portable Scotia Medical Observation and Training
System (Scotia UK Plc), the audiovisual system installed in the
simulation suite, which includes an in situ camera system
(hardware and software).

Ethical Considerations
The study will not be initiated before the protocol and all study
relevant material such as the informed consent forms and PIS
have received approval/favorable opinion from the Health
Research Authority and PHT Research and Development
department. Any changes to protocol or relevant study
documents will be approved by the sponsor. As RespiraSense
is a CE-marked product being used within its intended purpose,
regulatory approval is not necessary for this investigation.

Study Device
The RespiraSense device is based on piezoelectric technology.
This technology is in the form of films that are an ultraflat
laminated layer of piezo material. This material, when bent or
strained, produces a small varying voltage difference. This
monitor measures the motion of the chest and abdomen during
respiratory effort to measure the RR directly from this motion.
The stages of development of these devices are described as
fully compliant devices to European Medical Device Standards.
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RespiraSense is intended to act as a short-term monitoring
device to assess RR over time by continuously recording,
storing, and periodically transmitting RR data. It has no
diagnostic function in this study.

Traceability of each device’s construction will be recorded in
the company’s Design History File. Each lobe used on a patient
will be recorded in an accountability log with the patient study
number. Sensors will not be retained once used and will be
disposed of by the patient or the HCP.

During this investigation, the sensor will be attached to the
patient’s skin in the chest area using medical grade adhesive
that has been tested to and complies with ISO10993 (Biological
evaluation of medical devices). The RespiraSense device has
the dimensions 100 mm × 55 mm × 15 mm, the sensor weighs
50 grams, and the following risks are listed:

• Class IIb medical device which conforms with
IEC60601-1:A1:2012 and so no risk of electrical shock as
no electrical current is passed through the body

• The device has low weight and as such is not considered
to produce any skin ulcers

• The device will be adhered using medical grade tape which
will minimize reaction to adhesive

• Wireless transmission of information conforms to standard
Bluetooth communication protocols which are currently
used in clinical settings

• Discomfort to the patient is considered minimum as the
device in placed in a position where side-lying will not
cause added pressure to the patient

The RespiraSense is a noninvasive, body-worn, cableless,
battery-powered, respiration rate monitoring device. The system
consists of 3 parts as shown in Figure 3: the lobe, sensor, and
software application. This figure also shows the final assembled
device attached to the patient.

Figure 3. RespiraSense device and data flow.
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The system uses a specifically designed adhesive attachment
accessory (sensor), which fixes the device to the patient’s chest
and contains piezo films that convert breathing motion into an
electrical output. The lobe provides and communicates
measurement values and technical information such as battery
state wirelessly via Bluetooth to the software application hosted
on a commercial off-the-shelf tablet computer. It can also
provide basic information on activity status of the patient. The
application and removal of the elements of the RespiraSense
device, along with the maintenance of the device during
operation, will be managed by a trained research nurse. Nasal
end-tidal CO2 monitoring will be performed using Microstream
Smart CapnoLine Plus EtCO2 sampling line (Zoll Medical Corp)
with a disposable adult/intermediate nasal cannula. Data will
be collected and automatically logged onto an SD card in the
X Series monitor.

Data Transfer and Processing
Once the participant has completed the study, all data collected
by the RespiraSense device will be uploaded to a secure
cloud-based storage system from which it will be extracted and
analyzed by the team at PMD Solutions Ltd. This data will be
anonymized and linked to a specific subject ID number allocated
during the study. No participant identifiable data will be
transmitted to the team at PMD Solutions Ltd. The
RespiraSense-calculated RRs for each participant will then be
matched to the data collected by the other methods for analysis.

The study database and video recording files will be stored on
secure Trust electronic file servers. The associated file name
storing this data will be labeled with the title of the clinical
investigation and linked to the subject ID number. This file will
be saved for a minimum duration of 5 years and will be made
available to national authorities upon request in writing. All
digital and paper archives will conform to the requirements of
the Data Protection Act (United Kingdom, 2018) which

incorporates the standards laid out by the General Data
Protection Regulation (European Union, 2016).

Statistical Analysis
The primary end point is the RR as measured by multiple
methods. The primary objective of the analysis is to examine
the agreement between the RespiraSense device and the other
measurement methods for this end point. The mean difference
between each pair of methods will be calculated with 95%
confidence intervals. Variances will be tested for nonequality
with an F test. The distributions of the differences will be
examined with Bland-Altman plots. Limits of agreement (LoAs)
and proportions of measurements outside the limits will be
compared. If the differences between methods markedly increase
with their mean, the analysis will be repeated with a log
transformation of the measurements. A secondary analysis of
agreement by participant position (45 degree sitting vs other
positions) for each pair of methods will be performed using an
analysis of variance.

Patient Population Size
We expect to have statistically significant data following the
collection of 300 data sets (10 distinct measurements taken from
30 unique participants). This is based on statistical analysis of
previous studies.

The precision of the mean and precision of the LoAs depend
on the standard deviation of the differences. We use the value
of 1.79 breaths per minute as the standard deviation reported
in the Lee study [12] for comparison of RespiraSense and ECG
and the same value for the comparison of RespiraSense with
end-tidal capnography, this being regarded as more accurate
than ECG. For comparison with an HCP, we use the value of
2.5 breaths per minute, also from the Lee study.

Table 3 shows the number required for different precisions of
the mean difference using 95% confidence intervals. Table 4
shows the number required for different precisions of the LoA.
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Table 3. Precision of mean at 95% confidence interval.

NStandard error of the meanPrecision of the meanBreaths per minute

130.5111.79

500.260.51.79

770.20.41.79

1370.150.31.79

197a0.130.251.79

3080.10.21.79

12310.050.11.79

250.5112.5

970.260.52.5

1510.20.42.5

267a0.150.32.5

3850.130.252.5

6010.10.22.5

24010.050.12.5

aPrecisions to be expected if 30 participants provide 10 data points each, allowing for a 10% loss of data.

Table 4. Precision of limits of agreement at 95% confidence interval.

NStandard error of LoAPrecision of LoAaBreaths per minute

370.5111.79

1480.260.51.79

231b0.20.41.79

4110.150.31.79

5910.130.251.79

9240.10.21.79

36930.050.11.79

730.5112.5

201b0.310.62.5

2890.260.52.5

4510.20.42.5

8010.150.32.5

11530.130.252.5

18010.10.22.5

72030.050.12.5

aLoA: limits of agreement.
bPrecisions to be expected if 30 participants provide 10 data points each, allowing for a 10% loss of data.

Feasibility Assessment
The feasibility of performing this study with data collected from
participants in a single session is based on upon previous
successful observational studies that have been performed by
the research team at PHT. These include the Using the
Inflammacheck Device to Measure the Level of Exhaled Breath
Condensate Hydrogen Peroxide in Patients With Asthma and

Chronic Obstructive Pulmonary Disease (EXHALE) pilot study
[13] and a previous study validating the RespiraSense device
in patients with a large body mass index [14].

Results

Recruitment to this study has not yet started as funding decisions
are still pending. Therefore, results are not available at this
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stage. It is anticipated that the data required could be collected
within 2 months of first recruitment to the study and data
analysis completed within 6 months of the study start date.

Discussion

Rationale for Study Design
The Evaluation of Agreement of Breathing Rates Measured by
a Novel Device, Manual Counting, and Other Techniques Used
in Clinical Practice (VENTILATE) study will test the accuracy
of the RespiraSense device at the extremes of RR. The selection
of randomized RRs from within defined categories allows these
abnormal RRs to be compared with normal RRs without
introducing variability in the participant or the HCP.
Additionally, video recording of the study procedures allows
for independent sampling and monitoring of the ability of the
HCP to manually count the RR by another HCP.

We chose to use healthy volunteers without underlying
cardiopulmonary disease. It was not deemed safe or appropriate
to use patients exhibiting extremes of RR in an observational
study of this type. It was decided that the safest way to observe
the RRs of interest for the study would be for healthy volunteers
to consciously breathe at a given rate.

There are multiple points of contact during the screening visit
to minimize the chance that participants fail to complete the
study procedures. In addition to the standard practice of

providing a PIS and allowing the participant time to consider
what will be required of them during the study, the participants
will also experience one of the higher RRs that they will be
asked to perform during the study day. We chose to do this with
the aim of reducing the number of participants who are unable
to complete all of the study procedures.

Although the risk of harm to study participants is low, further
measures will be taken to mitigate these risks. The potential
risk of feeling unwell after breathing at high or low RRs will
be mitigated by allowing participants to rest for longer than
scheduled or to stop the procedure entirely should they feel
unable to continue. A clinician will be present throughout the
study procedures and will be able to stop the study at their
discretion if they feel it is not safe or would be inappropriate to
continue.

Additionally, the randomization of the RRs selected will be
prescreened to prevent high variability between tachypnoea and
bradypnea in a short space of time. A set of rates will be
randomly generated by a custom random number generator
which is programmed to select a rate from within each of the
categories listed in the Study Design section. Each set generated
will be reviewed by a clinician involved in the study and
assessed for extreme variability and overall safety. Sets that
pass this screening will be saved and assigned randomly to
participants at the time of the study data collection. Examples
of an acceptable and unacceptable set are shown in Table 5.

Table 5. Acceptable and unacceptable respiratory rate sets.

Sixth rateFifth rateFourth rateThird rateSecond rateFirst rate

32281723106Acceptable

9a26142231a5Unacceptable

aRates with extreme variability.

Another potential risk for participants using the RespiraSense
device is the risk of reaction to the adhesive. This risk has two
parts. The first is allergic reaction to the adhesive. This risk has
been given a risk level of 2 by the PMD risk management team.
A risk level of 2 indicates the risk has been reduced as low as
possible. Although the severity of this potential risk is high, this
occurrence has not been observed by PMD in any use of the
device and has not been found in literature searches. This risk
is mitigated by excluding volunteers who are allergic to
medical-grade adhesive.

The second component is a mild reaction to the adhesive. This
has been given a risk level of 2 by the PMD risk management
team. A risk level of 2 indicates the risk has been reduced as
low as possible. This risk is of low severity (mild
reaction/discomfort) and moderate occurrence level. This risk
is mitigated by excluding volunteers based on a skin fragility
assessment. It is also possible that mild irritation that will not
require medical intervention may be experienced for patients
on oral steroids.

The procedures will be carried out in the simulation suite in the
Learning and Development department which is located within
the Resuscitation Department of PHT, and an experienced
member of the resuscitation team will always be present. If a

participant should become unwell as a result of the procedures,
they will be withdrawn from the study and assessed by clinical
team, and subsequently care will be escalated as appropriate.

The outputs of the RespiraSense sensor will not be used to assist
any clinical decision, so there are no risks associated with use
of the data collected with the device in this study.

Limitations
The primary limitation to this study is the awareness from all
participants that they are being monitored. This may alter the
behavior of the participant and subsequently influence the data
collected from them, known as the Hawthorne effect. The most
likely influence that is expected to be seen is a change in the
method of manual RR counting performed by the HCP. There
is a large degree of variability in clinical practice when counting
the RR. The awareness of being observed has the potential to
encourage those who would use a method involving a shorter
count and multiplication to employ a full count for 60 seconds.
This will reduce the accuracy of the comparison between the
RespiraSense device and current clinical practice.

Conclusions
The VENTILATE study will provide further validation of the
use of the RespiraSense device in subjects with abnormal
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respiratory rates. It will assess the device’s ability to measure
abnormal RRs and compare with multiple other techniques used
in various aspects of clinical practice. The results provided will

help to guide the usefulness of the device in clinical practice in
the future.
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Abstract

Background: Chronic wounds, such as pressure injuries and diabetic foot ulcers, are a significant predictor of mortality. Veterans
who reside in rural areas often have difficulty accessing care for their wounds. TeleWound Practice (TWP), a coordinated effort
to incorporate telehealth into the provision of specialty care for patients with skin wounds, has the potential to increase access to
wound care by allowing veterans to receive this care at nearby outpatient clinics or in their homes. The Veterans Health
Administration (VA) is championing the rollout of the TWP, starting with regional implementation.

Objective: This paper aims to describe the protocol for a mixed-methods program evaluation to assess the implementation and
outcomes of TWP in VA.

Methods: We are conducting a mixed-methods evaluation of 4 VA medical centers and their community-based outpatient clinics
that are participating in the initial implementation of the TWP. Data will be collected from veterans, VA health care team members,
and other key stakeholders (eg, clinical leadership). We will use qualitative methods (ie, semistructured interviews), site visits,
and quantitative methods (ie, surveys, national VA administrative databases) to assess the process and reach of TWP implementation
and its impact on veterans’ clinical outcomes and travel burdens and costs.

Results: This program evaluation was funded in October 2019 as a Partnered Evaluation Initiative by the US Department of
Veterans Affairs, Diffusion of Excellence Office, and Office of Research and Development, Health Services Research and
Development Service, Quality Enhancement Research Initiative Program (PEC 19-310).

Conclusions: Evaluation of the TWP will identify barriers and solutions to TeleWound implementation in a small number of
sites that can be used to inform successful rollout of the TWP nationally. Our evaluation work will inform future efforts to scale
up the TWP across VA and optimize reach of the program to veterans across the nation.
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Introduction

Telehealth and Wound Care
Chronic skin wounds are a substantial health problem among
veterans. Research has shown that within veteran cohorts,
wounds are a more significant predictor of mortality than
coronary artery disease, peripheral arterial disease, or stroke
[1]. Veterans who reside in rural areas receive less specialty
care services than their urban-dwelling counterparts [2,3] due
to transportation-related and time-related barriers [4], indicating
that there may be a gap between those who need wound care
and those who receive it. As such, efforts are needed to improve
access to specialty wound care services, particularly for veterans
who reside in rural areas.

One strategy for improving access to care is to incorporate
telehealth technologies into health care service delivery.
Telehealth programs offered within the Veterans Health
Administration (VA) have shown great promise in improving
care delivery and outcomes among veterans. For example,
receiving telehealth services has been associated with decreased
health care use and inpatient length of stay; improvements in
quality of life, satisfaction, and clinical outcomes; and reduced
health care costs [5-8].

Specific to wound care, recent evidence supports the utility of
incorporating telehealth into the delivery of wound care services,
noting positive impacts such as reduced wound healing time,
fewer adverse events, reduced travel costs, and enhanced ability
of nursing staff to conduct comprehensive care [9-11]. The
integration of telehealth and wound care may be particularly
impactful within VA, where improving access to care,
particularly access to specialty care services, for veterans living
in rural and highly rural areas can be challenging. These
challenges are due in large part to the fact that these veterans
must often travel great distances to reach their nearest VA
facility. Incorporating telehealth technology into wound care
services provides a means to deliver care closer to (or even in)
veterans’ homes. Within this context, VA’s TeleWound Practice
(TWP) emerged.

The Origins of VA’s TeleWound Practice
TWP encompasses a coordinated effort to incorporate telehealth
technology into the delivery of specialty wound care services.
This process can be asynchronous, such as taking a picture of
a patient’s wound and sending it to a wound care specialist for
review, referred to as store-and-forward telehealth (SFT), or
synchronous, such as real-time video visits in which the patient
is either in their home or a VA community-based outpatient
clinic (CBOC) and has a video visit with a wound care specialist
at a main VA hospital facility using clinical video telehealth
(CVT) or VA Video Connect (VVC). Compared with traditional
in-person clinic visits, TWP visits may result in decreased travel
burden and cost, more flexible scheduling, and a greater
likelihood of seeing the provider best matched to veterans’
needs. A potential advantage to the health care system is the
more efficient use of scarce resources (eg, highly trained
specialists). Additionally, TWP encompasses standardized care
team member training and clinical documentation across the

system, as well as an emphasis on interprofessional stakeholder
collaboration.

Within VA, the TWP program originated at a VA medical center
that serves a large number of veterans who live in rural or highly
rural areas. The program was highly successful at this facility,
decreasing patient travel burden related to wound care and
eliciting high levels of patient satisfaction. Because of this early
and encouraging success, the TWP was selected by VA for
widescale rollout, beginning with regional-level implementation.

The regional implementation of TWP will leverage a
multicomponent, facilitation-based implementation strategy.
Components of the implementation strategy include (1)
identifying a clinical champion at each facility to support local
rollout of the TWP program; (2) facilitating recurring virtual
meetings (akin to a learning collaborative) to engage key
stakeholders, share lessons learned, and discuss strategies for
overcoming barriers; and (3) deploying necessary training to
staff. Through the program evaluation described here, VA
national operations program offices have partnered with VA
researchers to evaluate the TWP program implementation
process and outcomes. Findings from this evaluation will be
used to inform further rollout of the program nationally.

Objective
This protocol represents the real-world application of
evidence-based implementation science principles in a large
learning health care system and the collaboration between
operations and researchers to conduct program evaluations in
an effort to improve widescale implementation of
evidence-based interventions and in turn, improve patient care.

Evaluation Aims
The proposed aims of our evaluation are to (1) evaluate the
implementation process of the TWP program regional rollout,
(2) assess the impact of the TWP on clinical outcomes related
to wound care, and (3) assess the impact of the TWP on health
care system outcomes related to wound care.

Methods

Conceptual Framework
To formulate our evaluation plan, we drew from a conceptual
model frequently used in eHealth–related research and program
evaluation, the Practical, Robust Implementation and
Sustainability Model (PRISM) [12,13].

PRISM has 4 major domains: the intervention, the intervention
recipients (eg, patients, clinical team members), the
implementation and sustainability infrastructure, and the broader
environment [12,13]. By using PRISM to guide our evaluation
efforts, we will be able to account for the different stakeholders
of the TWP, their perspectives on the intervention being
implemented, and other characteristics that could influence
implementation efforts.

PRISM outcome measures follow the Reach, Effectiveness,
Adoption, Implementation, Maintenance (RE-AIM) framework
[12,13]. RE-AIM evaluates implementation processes and
outcomes along several dimensions, including reach,
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effectiveness, adoption, implementation, and maintenance of
practices and results over time [12,14-17]. Our evaluation team
will use PRISM as a guide by which to frame our evaluation
efforts.

Operation Partners
The TWP program evaluation will be facilitated by our
partnerships with several national-level VA operations program
offices. These partners include VA’s Diffusion of Excellence
(DOE) office, which is leading the implementation efforts, VA’s
National Podiatry Office, VA’s National Spinal Cord Injuries
and Disorders Program Office, the VA Office of Nursing
Services, and the Office of Connected Care – Telehealth
Services. Each office has a vested interest in the success of the
TWP program and a unique role in supporting its
implementation.

Design and Data Sources
Our team will use a mixed-methods assessment to achieve our
evaluation aims. The evaluation plan includes a combination
of site visits, semistructured interviews, surveys, and analysis
of VA administrative data to evaluate the TWP implementation
process and impact on outcomes from the perspective of multiple
stakeholders.

Setting
The TWP program is being implemented in 4 VA medical
centers that are part of 1 VA regional network (and select
CBOCs, engaged at each center’s discretion).

Participants
Stakeholders include facility leadership, health care team
members (ie, clinic managers, telehealth staff, and
providers/wound care specialists), and veterans who receive
TWP care from the participating VA medical centers and their
CBOCs, as appropriate.

Implementation Readiness
To prepare for the evaluation, our operations partners collected
implementation readiness and preliminary process data. The
preliminary process data were collected by DOE leadership at
a TWP kick-off meeting hosted by the DOE and collaborating
operational partners in the summer of 2019. These preliminary
data were shared with the evaluation team. Kick-off meeting

attendees (TWP site representatives) completed a readiness tool
gauging their ability to implement TWP care.

Our evaluation team followed up with the collection of
additional implementation readiness data via telephone with
TWP clinical champions at each implementation site. Data
collected from each site’s clinical champions included when
the site began providing TeleWound care, the status of
equipment (eg, 3-dimensional [3D] cameras), the training of
staff, and the extent of the program, including which clinics and
CBOCs were involved and what types of telehealth they were
providing (eg, SFT, CVT, VVC). Because the implementation
timelines differed across the 4 sites, we felt it was particularly
important to document the date that each of these
implementation milestones was reached to ensure that we will
be able to accurately track implementation progress and program
outcomes moving forward. In addition, we plan to conduct
periodic check-ins via telephone calls with the implementation
sites to monitor implementation progress.

Planned Data Collection

Administrative Data
Data on patient-level and system-level outcomes and patient
characteristics will be obtained from national VA administrative
databases housed in the VA Corporate Data Warehouse (CDW).
CDW data are refreshed nightly, allowing for real-time
monitoring of patient-level health and utilization information.
We will obtain the following patient characteristics from the
CDW: demographics (age, gender, marital status, race, income),
diagnosis, number of outpatient encounters, number of inpatient
admissions, VA enrollment priority group, rurality of residence,
and provider location and specialty. We will obtain the following
utilization data on a monthly basis: number of veterans who
had a TeleWound encounter, number of TeleWound encounters
by clinic and location, type of telehealth visit, and visit
diagnoses. To measure the impact of the TWP on patient travel
cost and burden, we will assess travel costs to receive wound
care. Travel costs will be estimated using the distance from
veterans’ homes to the VA health care facilities where they
received wound care and the Internal Revenue Service standard
business reimbursement rates for travel by private automobile.
Distances will be estimated based on veterans’ and facilities’
ZIP codes [18,19]. Table 1 identifies the outcomes related to
each aim of the evaluation and their corresponding data sources.
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Table 1. Evaluation outcomes and data sources.

Data sourceOutcome

Aim 1: stakeholder perspectives and reach of the program

Patient surveys/interviews, provider surveys/interviews, site visitsImplementation barriers and facilitators

Patient surveys/interviews, site visitsPatient satisfaction

Provider surveys/interviews, site visitsProvider satisfaction

CDWbTWPa utilization: number and type of telehealth

CDWNumber of providers engaged

Aim 2: clinical outcomes related to wound care

Hospitalizations following the initial TeleWound encounter

CDWWithin 30 days

CDWWithin 90 days

CDWWithin 12 months

Amputations following the initial TeleWound encounter

CDWWithin 30 days

CDWWithin 90 days

CDWWithin 12 months

Aim 3: health care systems outcomes

CDWMean number of miles traveled to receive wound care

CDW for ZIP codes, federal reimbursement ratesMean travel cost

aTWP: TeleWound Practice.
bCDW: Corporate Data Warehouse.

Veteran Survey
Surveys assessing veteran experiences with and perceptions of
TeleWound care will be deployed in VA fiscal year 2020-2021,
no earlier than 3 months after the facilities included in our
evaluation have implemented the TWP. We will identify
veterans who received TeleWound care using clinic stop codes
and the TeleWound workload capture code (4-Character
National Code defined as WCUC) recorded in the CDW.

Survey mailing processes will follow a modified version of the
principles of tailored design [20]. We will first mail veterans
an introductory letter providing a brief overview of the study
and invitation to participate, along with a copy of the survey, a
small appreciation gift (eg, refrigerator magnet), and a
postage-paid return envelope. We will send reminders and a
second survey to veterans who have not responded within 6
weeks of the first mailing. A thank-you letter will also be sent
upon completion of the survey.

The veteran survey will follow the dimensions of the PRISM
model and interests of our operational partners. This survey will
collect data on the type of TeleWound services received, veteran
perceptions of TeleWound care, quality of life, wound
self-management, and demographics.

Veteran Semistructured Interviews
At the end of the veteran survey, participants will be asked to
indicate whether they are willing to complete a semistructured
telephone interview to provide more details about their

experiences receiving TeleWound care. Those who agree will
be invited to participate in the interview. If possible and as
appropriate, we will select respondents that represent the 4
implementation sites and that have received different types of
TeleWound care (ie, SFT, CVT, VVC).

We will conduct interviews with up to 25 veterans. All
interviews will be one-on-one, semistructured, about 30 to 45
minutes in duration, and audio-recorded for verbatim
transcription and subsequent analysis. The semistructured
interview guide will further explore the topics covered in the
survey, including experiences with TeleWound care, perceptions
of TeleWound care, whether they received training or engaged
in other preparation activities prior to their TeleWound visits,
the impact of TeleWound care on their wound self-management,
and suggestions for improvement.

VA Care Team Member Survey
We will also conduct an online survey with VA care team
members involved in the provision of TWP care. We will work
with our operations partners and site leadership to identify
appropriate providers and staff to reach out to, which could
include individuals who work in a range of areas (eg, spinal
cord injury, nursing, podiatry, infectious disease, endocrinology,
primary care).

The survey and sampling frame list will be managed through
the VA-approved Research Electronic Data Capture (REDCap)
system. Eligible VA care team members will be sent an email
introducing the study and inviting them to participate and the
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link to the survey. To achieve an optimal response rate, an email
reminder with the link to the survey will be sent 2 weeks later.
A final email reminder will be sent 2 weeks after that. Email
recruitment efforts will be augmented with instant messages
(IMs) sent via interoffice IM.

Like the veteran surveys, care team member surveys will collect
data on topics that map onto the PRISM model, as well as those
identified as important by our operational partners. The topics
addressed within the survey will include perceptions of and
experiences with telehealth, perceptions of TeleWound training,
barriers and facilitators to delivering TeleWound care,
availability of equipment and other resources needed to deliver
TeleWound care, suggestions for improvements, and
demographics.

Key Stakeholder Semistructured Interviews
Key stakeholder interview procedures will follow those of the
patient interviews detailed above. We will ask participants of
the VA care team member survey to indicate whether they are
willing to be contacted for a semistructured telephone interview
at the end of the survey. Agreeable individuals will be invited
to participate in an interview. We will also use snowball
sampling to identify additional care team members and facility
leadership to invite to participate, as appropriate.

We will conduct interviews with up to 20 key stakeholders. All
interviews will be one-on-one, semistructured, and
audio-recorded for verbatim transcription and subsequent
analysis. Interviews will be approximately 30 minutes long.
Semistructured interview guides will be used to ensure that
comparable topics are covered across interviews.

Key stakeholder interviews will provide data to complement
survey data, including information about implementation
processes (including training and equipment), barriers and
facilitators to TWP implementation, program reach and impact,
and perceptions of the TWP and its implementation.

Site Visits
Site visits are a type of field-based data collection strategy in
which one can observe, interact, and understand people and
programs in their natural setting [21]. Our evaluation team will
conduct site visits at 2 implementation sites (and their associated
CBOCs, as appropriate). Site visits will provide us with an
opportunity to observe the TWP from both the main facility and
the rural CBOC sites to get a richer understanding of the process
and workflow involved in using TWP. The site visit activities
will be used to inform our team’s interpretation of the data
collected from other sources (eg, interviews, surveys,
administrative data).

During the site visits, our team will conduct additional key
stakeholder interviews with individuals (eg, nurse managers,
telehealth clinical technicians, licensed practical nurses, wound
care specialists) at the selected main facility and their CBOCs
using the interview guide described above. Field notes will also
be taken to record observations of the TWP at the main facility
and its CBOCs in real time. Flow maps of the TeleWound
process will be developed based on our observations and input
from interviews.

Data Analysis

Quantitative Analyses (Survey and Administrative Data)
Survey and administrative data will be analyzed using
descriptive and bivariate statistics, including means, medians,
frequencies, standard deviations, chi-square tests, and Wilcoxon
rank sum tests. Our evaluation team will compare the change
in use of telehealth for wound care in participating sites before
and after TWP implementation.

Specifically, we will compare the frequency and percentage of
veterans who had wound care visits who used telehealth before
and after TWP implementation using a chi-square test. Type of
TeleWound care will be identified and responses will be
compared across these modalities (ie, SFT, CVT, VVC). We
will also look at the demographic characteristics of patients who
received TeleWound care versus in-person care in a clinic to
see if rural veterans were more likely to receive TeleWound
services. The frequency and percentage of unique veterans with
hospitalizations for wound-related complications within 30
days, 90 days, and 12 months following an initial wound
encounter will be described and compared between veterans
who received TeleWound care and veterans who received wound
care in person. Frequency and percentage of unique veterans
with amputations for wound-related complications within 30
days, 90 days, and 12 months following an initial wound
encounter will also be analyzed. In addition, we will describe
and compare the mean number of miles traveled to receive
wound care and the mean travel costs over a 12-month period
between veterans who received TeleWound care and veterans
who received wound care in person. Finally, to examine uptake
of TeleWound in each facility, we will identify the number of
unique providers involved in TeleWound as well as the range
of wounds treated (eg, pressure injuries, burns, chronic wounds).
Analyses will include unadjusted and multiple regression
models, which will assess the impact of the TWP on key
outcomes (eg, hospitalizations, amputations, travel burden,
costs).

Qualitative Analyses
Members of our evaluation team will use content analysis,
including the constant comparative method, to identify and
tabulate key themes emergent from the data [22]. Our coding
approach will be both deductive and inductive and informed by
our site visits. Coders will develop an initial code list a priori
based on the components of the PRISM model, which
encompasses a range of factors (as described above) that may
influence the implementation of the TWP. Within the
components of the model, coders will inductively develop
additional codes and analyze the text for themes and patterns.
Field notes recorded at the site visits will also be used to help
identify these initial codes. Upon completion of deductive
coding, a series of meetings will be held with members of the
larger evaluation team to identify further themes as needed.

Data Triangulation
Our evaluation plan will use an explanatory sequential design,
wherein quantitative data will be collected and analyzed first,
followed by qualitative data. Once analyses are complete,
members of our evaluation team will integrate qualitative and
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quantitative data using side-by-side comparisons of the
qualitative data and joint displays, which include qualitative
themes and selected dimensions from the quantitative data [23].

Results

This program evaluation was funded in October 2019 as a
Partnered Evaluation Initiative by the US Department of
Veterans Affairs, Diffusion of Excellence Office, and Office of
Research and Development, Health Services Research and
Development Service, Quality Enhancement Research Initiative
Program (PEC 19-310).

Discussion

Partnered Program Evaluation in a Learning Health
Care System
Literature favoring the integration of telehealth into care
provision continues to accumulate, suggesting that offering care
virtually is effective and can improve important outcomes, such
as access to health care [5,6,24-26]. Within this body of
literature, evidence suggesting that delivering wound care using
telehealth is feasible, improves health care outcomes, and
reduces costs [27-29] is burgeoning. Using available evidence
to inform health care is aligned with the goals of a large learning
health care system such as VA and is illustrated by the TWP
program, including the investment VA has made in establishing
relationships between leadership, front-line clinical staff, and
program evaluators to support its implementation.

The evaluation we describe here illustrates this strong
partnership between our evaluation team and operations
leadership. To date, DOE leadership has been a tremendous
asset to our evaluation efforts and has also assumed
responsibility for conducting the implementation of the TWP.
One important aspect of implementation activities thus far,
which was organized and run by the DOE, is holding regular
calls with key participants from the sites and operational partners
to monitor progress, identify problems, problem solve, and share
solutions. Moreover, DOE leadership obtained and facilitated
training on the 3D cameras, which some sites will be using to
provide SFT TeleWound care. In addition, the DOE organized
the TWP kick-off meeting, wherein key informants and
operations partner representatives reviewed plans and shared
early experiences.

Our evaluation team has also been able to leverage these
operations-driven implementation activities as the foundation

of our TWP evaluation. The information and experiences
detailed through these important early implementation
milestones have helped to inform the content of our data
collection instruments and plans for timing of data collection
efforts. Similarly, our early evaluation findings have and will
continue to be fed back to DOE and other operations leadership,
allowing them to enhance the effectiveness of their
implementation plans in real time. These synergistic
implementation and evaluation activities underscore the
importance of partnerships between operations leadership, key
stakeholders, and program evaluators to the success of program
implementation and evaluation alike.

Limitations
Our evaluation team is not facilitating the implementation of
the TWP program; however, we are and will continue to provide
feedback to the DOE about implementation progress and barriers
as our evaluation activities move forward. Because of the
pragmatic nature of implementation studies, there is less control
of processes and structures during an implementation project
than other more controlled types of projects, but this also
increases ecological validity. Our strategies for primary data
collection are subject to biases, including recall bias and social
desirability.

Conclusions
Regular communication between implementation sites, DOE
leadership facilitating the implementation, and the evaluation
team is key to tracking implementation progress, lessons learned,
and barriers and facilitators to the success of the TWP. An
important consideration for our evaluation work is that TWP
implementation is occurring in a dynamic environment and as
such, new equipment, changing staff and leadership, and varying
facility and staff priorities and demands may arise during the
implementation period. Changes such as these may make
implementation challenging but highlight the ever-present
importance of keeping the goals of TWP and the needs of
veterans at the forefront of efforts to implement and evaluate
activities.

The efforts to date on this project have demonstrated how critical
early investments in infrastructure are to the success of TWP
program implementation. The TWP program has unique needs
and requirements to be addressed before the program can be
implemented, and in turn, the implementation process and
subsequent outcomes can be evaluated. The evaluation plans
we detail will inform efforts moving forward and will be integral
to the facilitation of TWP throughout VA.
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Abstract

Background: Existing evaluations of the effects of mobile apps to encourage physical activity have been criticized owing to
their common lack of external validity, their short duration, and their inability to explain the drivers of the observed effects. This
protocol describes the setup of Health Telescope, a longitudinal panel study in which the long-term effects of mobile electronic
health (eHealth) apps are investigated. By setting up Health Telescope, we aim to (1) understand more about the long-term use
of eHealth apps in an externally valid setting, (2) understand the relationships between short-term and long-term outcomes of the
usage of eHealth apps, and (3) test different ways in which eHealth app allocation can be personalized.

Objective: The objectives of this paper are to (1) demonstrate and motivate the validity of the many choices that we made in
setting up an intensive longitudinal study, (2) provide a resource for researchers interested in using data generated by our study,
and (3) act as a guideline for researchers interested in setting up their own longitudinal data collection using wearable devices.
For the third objective, we explicitly discuss the General Data Protection Regulation and ethical requirements that need to be
addressed.

Methods: In this 4-month study, a group of approximately 450 participants will have their daily step count measured and will
be asked daily about their mood using experience sampling. Once per month, participants will receive an intervention containing
a recommendation to download an app that focuses on increasing physical activity. The mechanism for assigning recommendations
to participants will be personalized over time, using contextual data obtained from previous interventions.

Results: The data collection software has been developed, and all the legal and ethical checks are in place. Recruitment will
start in Q4 of 2020. The initial results will be published in 2021.

Conclusions: The aim of Health Telescope is to investigate how different individuals respond to different ways of being
encouraged to increase their physical activity. In this paper, we detail the setup, methods, and analysis plan that will enable us to
reach this aim.

International Registered Report Identifier (IRRID): PRR1-10.2196/16471

(JMIR Res Protoc 2020;9(7):e16471)   doi:10.2196/16471
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Introduction

Background
The World Health Organization has identified physical inactivity
as the fourth leading risk factor of death worldwide [1]. Physical
inactivity is defined as the absence of sufficient bodily movement
produced by skeletal muscles requiring energy expenditure. It
has been estimated that every year, over 5 million people die
as a result of insufficient physical activity. Physical inactivity
carries part of the burden of, among others, coronary heart
disease, type 2 diabetes, breast cancer, and colon cancer, as one
of the multiple causes of these diseases. Additionally, increased
physical inactivity affects mental health, with research showing
a positive correlation between physical inactivity and depression
[2]. Research estimates that an increase of 10% in activity can
save 1.3 million lives yearly [3].

In this paper, we describe the protocol of Health Telescope, a
unique longitudinal study researching the effects of the
personalized offering of various existing electronic health
(eHealth) apps designed to motivate users to increase physical
activity. In recent years, longitudinal studies have been argued
to be unavoidable for research investigating behavior change,
as solidifying behavior change may take months or years [4].
We took up this challenge of measuring the effects of behavior
change apps over a long period of time. Furthermore, we
specifically focus on the personalized offering of these apps to
investigate whether personalization can improve the
effectiveness of common eHealth apps. This protocol paper
describes the setup, methods, materials, and analysis plan of
Health Telescope to enable other researchers to understand and
judge the validity of the data collected within the project. In our
description, we focus strongly on the ethical and legal aspects
of setting up our panel study. We hope this paper provides a
useful resource for others aiming to set up longitudinal eHealth
studies.

The Rise and Effects of eHealth
Mobile apps aimed at making users improve their health
autonomously have been growing in number in recent years,
including apps that persuade users to be more active, apps that
track food intake, and apps that offer help with mental health
issues. The total value of this mobile health or eHealth app
market was estimated in 2018 at US $28.32 billion and is
projected to reach US $102.35 billion by 2023 [5]. These apps
have the potential to increase the level of control that individuals
have over their health while improving general health in several
ways. Among other factors, users may identify health issues
earlier, autonomous use can be a lower barrier than receiving
help from a professional, and new routes for preventative
measures can be taken.

The number of mobile apps labeled as eHealth apps is growing
tremendously, with over 1000 new apps entering top app stores
every day [6]. This increase is accompanied by a growing
skepticism, as research has not yet conclusively shown a positive
effect on health and long-term wellbeing [7-9]. The absence of
a convincing effect of eHealth apps is largely attributed to
nonusage [10], which might itself be caused by distinct

characteristics of eHealth services [10], social aspects of use
[10], and eHealth literacy [11].

The rapid proliferation and short lifetime of apps make
identifying apps that accomplish the intended behavior change
effectively for a group of users a very difficult task. Properly
identifying behavior change is not trivial, as can be demonstrated
by a simple example as follows. Suppose an individual adopts
the mindset of changing ways and being healthier, and in this
process, downloads an eHealth app. After using the app for
several weeks, the app is abandoned. However, over the course
of months, the user does change ways. This change can, at least
in part, be attributed to the earlier usage of the eHealth app.
This scenario demonstrates that it is firstly difficult to determine
whether an app contributes to a change in lifestyle and that it
is secondly difficult to measure the outcome if the user has
stopped engaging with the app.

Additionally, as has been demonstrated before in the literature
[12], the effectiveness of eHealth apps to motivate healthy
behaviors might, in part, be driven by a correct match between
the app itself and its user (ie, a personalized app might have a
larger effect). One can wonder whether currently, the apps that
users download from the various app stores provide a correct
match. All of the major app stores offering eHealth apps
currently use a 5-star rating system to grade their apps, which
is one of the factors driving the download behaviors of users.
However, these ratings arguably have their issues [13,14]. While
alternatives have been proposed [15], we currently do not
properly understand how we can personalize the choice of
eHealth apps [16]. Recently, there has been substantial interest
in sequential allocation methods that combine machine learning
to predict the effects of treatments for individuals based on
historical data, with effective methods to balance exploring
different treatments and exploiting the seemingly best treatment
[17]. Effectively, these novel methods select personalized
treatments as data are collected over time. This is a potentially
promising approach as it allows us to reach beyond simple user
ratings by using data to improve the match between a user and
an app.

Health Telescope
To answer these pressing questions regarding the effects (both
long-term and short-term effects) and methods for
personalization of eHealth apps, we set up Health Telescope, a
large-scale interventional panel study. In the current protocol
paper, we highlight the choices we made in setting up this
prospective study. Health Telescope is used to actively and
iteratively test different approaches of personalization and, at
the same time, track the longitudinal effectiveness of these
personalized offerings. Health Telescope allows us to answer
major open questions regarding the effectiveness of eHealth
apps. First, by closely monitoring app usage, engagement,
activity, and mood, we aim to obtain a better understanding of
the short-term and long-term effects of eHealth apps. Second,
by actively experimenting with different eHealth app
encouragement schemes, we test the effects of personalizing
eHealth offerings.

The importance of large-scale studies that follow individuals
for a longer period has been argued in recent years [18]. To our
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best knowledge, Health Telescope is the first large-scale
long-term study that follows and intensively gathers activity
and behavioral data from participants. With this protocol, we
aim to motivate researchers to set up similar studies, as we
believe research in eHealth stands to benefit from thorough
long-term studies.

The Health Telescope study aims to achieve the following three
objectives, labeled study objectives 1-3 (SOs 1-3):

• SO1: The study aims to measure the effect of eHealth for
longer periods. To accomplish this, we choose a panel
uptime of at least 4 months.

• SO2: The study aims to correlate short-term and long-term
measures. To accomplish this, we combine behavioral
measures with periodic surveys and analyze their relations
over time.

• SO3: The study aims to test the effects of personalization
in allocating health apps. To accomplish this, we set up
iterative interventions and an allocation scheme that uses
collected data to predict which health app is expected to
lead to the highest activity increase, given a person’s
background information, activity, and behavior.

In this protocol description paper, we aim to accomplish the
following three objectives, labeled protocol objectives 1-3 (POs
1-3):

• PO1: The paper aims to demonstrate and motivate the
validity behind the setup of Health Telescope.

• PO2: The paper aims to confirm its function as a
steppingstone for future researchers interested in the data
generated by Health Telescope.

• PO3: The paper aims to serve as a guideline for those setting
up longitudinal studies using wearable devices.

The rest of the paper is structured as follows: the Methods
section and its various subsections elaborate on the research
questions and describe the various aspects in setting up the
panel; the Results section briefly expands on the timeline of the
project; and the Discussion section goes into the advantages
and disadvantages of the chosen setup and presents the
conclusions.

Methods

Study Design and Aims
Health Telescope is a prospective interventional panel study
(N=450) measuring activity and iteratively testing the effect of
recommending distinct eHealth apps to participants, with the
goal of personalization (ie, finding a relation between an
individual and an app that can provide motivation to be
sufficiently active). The study is designed to run a minimum of
4 months. We would like to continue to monitor participants
past these 4 months to further measure the long-term effects of
eHealth app usage. We plan to do so assuming the dropout rate
of participants is low enough to keep a sufficiently large group
for further analysis.

The study has been approved by METCBrabant, the Ethics
Review Board of Tilburg University, the Netherlands, and the
General Data Protection Regulation (GDPR) compliance officer

of Tilburg University. Furthermore, a Data Protection Impact
Assessment check was performed by the Technical University
of Eindhoven and Tilburg University. We detail the approval
process in the sections “Ethical Approval” and “GDPR
Compliance” to aid researchers who, like us, have to go through
this process (PO3).

During the study, participant data are measured, and participants
receive a daily request to complete a three-question survey
concerning their mood (this is detailed in the section “Health
Telescope App”). The set of interventions is defined as five
messages that will be sent to participants’ smartphones, four of
which contain a recommendation to download a specific health
app (we expand upon this in the section “Interventional Apps”),
and the fifth does not recommend any app. The messages
recommending apps provide a brief textual summary of the
app’s functionalities. Every month, each participant will be
allocated to one of the interventions.

The allocation of interventions is, in part, personalized. We
detail our personalization logic in the section “Allocation of
Interventions” below.

The participants will be recruited in Q4 of 2020 (details are
provided in the section “Recruitment”) and are expected to
participate for a minimum of 4 months. The participant group
of the panel will be made up of a diverse set of Dutch adults
who are interested in using mobile health apps, recruited mainly
through general practitioners (more information is provided in
the “Recruitment” section). We select this wide range of users
to allow the results to speak for a general audience who may
download a mobile health app (which helps answer SO1 and
SO3). It is relevant to mention that, to appeal to the participant
group, the apps chosen to be recommended in the panel (detailed
in the section “Interventional Apps”) do not require a user to
be in superior physical shape for use.

Data are collected through a combination of the following: a
wearable device handed out to participants at the start of the
study, a mobile app that tracks phone use and GPS, and survey
responses measuring mood and happiness using the experience
sampling method (ESM) [19].

The section “Data Collection” provides a concrete overview of
the data that are collected in the study. This diverse set of data
collection methods allows us to monitor eHealth app usage and
its effects on various outcome measures (SO1). Furthermore,
the duration of the panel allows us to examine the relationship
between the long-term and short-term measures of the effects
of eHealth (SO2). Finally, we will provide interventions, with
an intervention constituting a recommendation to start using a
selected eHealth app. These interventions will, in part, be
personalized (ie, we will recommend an app that we expect to
be the most effective for a given user based on the data collected
thus far). This personalization allows us to evaluate the effect
of personalization (SO3).

Recruitment

Inclusion Criteria
Participants are recruited via several paths. To be eligible for
participation, a respondent needs to meet the following criteria:
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live in the Netherlands; speak Dutch; be 18 years or older;
possess an Android phone running Android 6.0 or newer that
they are willing to use in the study; be sufficiently smartphone
and internet literate to use the app; and intend to participate for
the full duration of the study.

Note that participants are considered smartphone and internet
literate when they can navigate an Android smartphone and get
through the setup process, including the introduction survey,
app installation, and wearable setup. To ensure participants can
perform these steps, the emphasis is put on highlighting the
steps in the setup process during the information sessions that
participants go through before entering the panel.

We deliberately do not focus on a specific health group, such
as those defined by specific choices of BMI, chronic disease,
or age. This is to ensure that knowledge gained from this project
can be applied to the general group of app users (the group that
downloads apps like the ones tested in this project). The panel
will be formed through the following channels:

• Health insurance employees (approximately 150
participants): A large health insurer in the Netherlands that
helped fund the Health Telescope project has indicated they
would like to give their employees the chance to enroll in
the panel. Advertisements will be sent out through internal
communication channels, inviting employees to attend an
introductory meeting where the purpose and details of the
panel will be explained.

• General practitioner visitors (approximately 300
participants): Part of the panel will consist of individuals
recruited directly through general practitioners. Three
general practitioner offices in Geldrop, a village in
Noord-Brabant with 28,500 inhabitants, have agreed to
assist in recruitment. Advertising will be done in the
practices, as well as through email.

Recruitment Process and Materials
To ensure participants understand the objectives of the study
and the actions they are expected to perform, we set up
information sessions that potential participants need to attend
before entering the panel. In these sessions, the study goals and
the steps of the setup that participants need to go through
(detailed in Figure 1) are explained to a group of approximately
25 respondents.

Before entering the participant group, all respondents are given
the necessary introductory documents. Included in this is an
informed consent document that is mandatory for participation.
These documents are available elsewhere [20]. If the respondents
have additional questions before deciding to participate, they
are able to pose them through the project website or by directly
contacting the team through email. To ensure users understand
what happens to their data, there is a thorough privacy policy
available elsewhere [21].

Figure 1 shows the steps potential participants go through in
the recruitment process. The individual steps are further
described in the section “Data Collection.”

Figure 1. Steps in the enrollment of participants. Starting with recruitment (from different sources), participants receive study information and an
informed consent (IC) form and take the introduction survey before downloading and installing the app. After installing the wearable, participants are
set up and enrolled in the study.
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Setup for Investigating Objectives
In setting up the study, we look at how to achieve the goals of
the study as presented below.

SO1: Effects of eHealth Apps
To test the effects of eHealth apps, we will create a group of
participants who receive a recommendation to use one of the
interventional apps and compare this to a group of users who
are not given this recommendation. Specifically, we will test if
there is a relevant difference in the average increase or decrease
in activity for the daily steps taken in the month after a
recommendation compared with the control group that does not
receive this recommendation.

Additionally, measuring phone usage allows us to identify active
users of health apps, allowing for comparison with a group that
does not use health apps.

SO2: Correlation of Short- and Long-Term Measures
By selecting a 4-month study uptime at minimum, we can
research if short-term measures (ie, activity or health app usage

1 week after the intervention) correlate with long-term measures
(ie, activity a month after the intervention). To examine
long-term measures further, we will attempt to monitor
participants after the initial 4 months.

SO3: Personalization of App Allocation
To test the effect of the personalized allocation as described
above, we will create, based on the collected data, a model that
aims to predict which eHealth app is the most successful for
which participant. The results of this model will be used to
allocate apps (to intervene), and this will allow us to compare
the effectiveness of randomly selected apps with those selected
based on the prediction model.

Allocation of Interventions
During the study, participants will receive recommendations to
download and use certain eHealth apps. Figure 2 shows the
recruitment and dropout of participants over time. We aim to
recruit 150 participants each month and expect a dropout of
20% of participants each month. We explain how these groups
are used for the allocation of interventions below.

Figure 2. Panel size over time, including recruitment of participants, as well as the number of assigned participants in the treatment and control groups.
We use a control ratio of 0.2 and a monthly decay rate of 0.2.

One-Month Blocks
The study is divided into blocks of 1 month. Upon entering the
panel, every participant has their activity recorded and is asked
about their mood for a month, without receiving an intervention.
The data serve as baseline data for participant activity. Note
that the recruitment is done over the course of 3 months. From
the second block onwards, participants will receive
interventions. Participants will receive one intervention per
block. Participants who get recommended the same app for
multiple months in a row, will receive a message explaining
that they should keep using the app they were assigned last
month.

Rollout
The recruitment for Health Telescope is planned to take 3
months, enrolling 150 participants per month. Participants
recruited in later months will receive interventions based on the
data already generated by the existing participants.

Treatment and Control Group Allocation
In this section, we describe which participant at what point in
time will receive which treatment (ie, which eHealth app will
be recommended according to which logic).

First, in each month (Figure 2), a number of participants will
be allocated to the control group; for these participants, no app
will be recommended that month.

Allocation to the control group is random. For each participant,
there is a 20% chance to be assigned to the control group in a
specific month. Control groups are individually created for
every round of intervention. Note that we choose to create
control groups individually per month as opposed to a fixed
control group that never receives any app recommendations
throughout the study, since we believe never assigning any app
may negatively impact participant engagement with the panel
and may lead to a higher dropout rate.

Second, in the different months of the duration of the study,
different allocation schemes will be used to recommend one of
the four eHealth apps included in the study. If one of the four
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apps is recommended, users end up in the treatment group that
specific month. We will use the following logic to allocate apps
to participants: (1) In months 1 and 2, simple random allocation
will be used. Thus, each app has a respective 20% chance of
being selected for a participant; (2) In month 3, we will use the
data collected in months 1 and 2 to create a model that aims to
predict the effect of each app, for a given user, on the number
of steps taken that month. We will use Bayesian additive
regression tree (BART) to generate these predictions. BART is
essentially a sum-of-trees model that can be used to effectively
model nonlinear main and multiple-way interaction effects.
Thus, it is well suited to model the interactions between the

participant characteristics and the effects of the different apps.
In month 3, for each new participant that is in the treatment
group, the app that has the highest predicted effect will be
selected. Thus, in this group of 120 participants, we will test
the effects of personalizing the selected app based on the data
collected previously.

Data Collection
Data collection consists of several components including data
collection during the setup phase (Figure 1) and data collection
during the duration of the panel (Table 1). In this section, we
describe each step and its components in turn.

Table 1. Summary of data collected in Health Telescope.

ExampleFrequencyData type

2 PM-3 PM: 739 stepsEvery hour, the number of steps taken during
that hour is measured.

Step count

2 PM: 73 bpmHeart rate is measured at 1-hour intervals.Heart rate

February 23: 11:16 PM-7:12 AMThe start and end times of sleep are measured
daily, yielding the total sleep time.

Sleep data

February 23, 2 PM:

I generally feel energetic: Yes

I currently feel happy: Completely agree

Smiley: Happy

Up to once per day, we ask participants brief
questions using push messages.

Experience sampling

2 PM: 38.8977 N, 77.0365 WEvery 4 hours, the GPS location is savedGPS location

Chrome: 2:03 PM-2:04 PM

Facebook: 2:04 PM-2:17 PM

Messages: 2:23 PM-2:25 PM

Mail: 2:25 PM-2:37 PM

We measure screen time and usage of apps on
participants’ mobile phones.

Note: We only measure the duration of use and
do not in any way measure what happens within
an app.

Phone usage

Introduction Survey
The intake survey (Multimedia Appendix 1 [22]) consists of
the following three parts: (1) a section providing demographic
information on participants; (2) a section giving details on how
active participants perceive to be; and (3) a section measuring
the following constructs:

• Big Five Personality traits: A 50-item five-point Likert Big
Five Personality traits questionnaire [23] measures
conscientiousness, openness to experience, extraversion,
agreeableness, and neuroticism. These traits have been
found to correlate with physical activity and obesity [24].

• Need for Cognition scale: An 18-item seven-point Likert
Need for Cognition questionnaire [25] measures the extent
to which an individual is inclined towards effortful cognitive
activities [26]. Need for Cognition has been found to
moderate the responses individuals have toward different
ways of being messaged [27].

• Susceptibility to Persuasion scale: A 26-item seven-point
Likert Susceptibility to Persuasion questionnaire [12]
separates an individual’s persuadability in five constructs
(reciprocity, scarcity, authority, commitment, and liking).
This gives direct information on how to apply the
interventions in the study.

Wearable
Wearables have increasingly been used in research to detect
daily steps taken, heart rate, sleep behavior, and even skin
conductance, but show large inaccuracy in most data types
[28,29]. The exception to this has been steps taken [28], which
shows accuracy similar to that for devices designed solely for
counting steps. Among the currently available wearables,
Xiaomi MiBand 2 provides accurate measurements [28] at a
relatively low price point. Furthermore, the MiBand is IP-67
waterproof and has a charge time of around 3 hours for 1-month
charge. Participants are not asked to wear the MiBand for any
specific number of hours or specific activity, instead participants
are asked to wear the band similarly to how they would if they
were not in the panel. This is done to (1) minimize participant
burden and (2) maintain participant autonomy. Additionally,
the MiBand allows for the transmission of unprocessed data to
our servers, without sending the data to the developers first.
This is a feature not present on every wearable on the market
but is necessary for smooth data collection. The MiBand
measures the following:

• Steps: The steps taken are measured every minute by the
gyroscope in the MiBand.

• Heart rate: By default, the MiBand only measures and
records heart rate when users manually do so. We changed
that to also sample heart rate every hour.
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• Sleep data: The gyroscope in the MiBand combined with
an information layer (using rules such as “first daily
unlock”) allows us to assess sleep.

Health Telescope App
The Health Telescope app is a mobile app (screenshots of which
can be seen in Figure 3) developed for the project that
encompasses several goals. The app was designed to allow us
to do the following:

• Communicate with participants: The app allows us to send
users push messages with updates about the panel, is used

to deliver interventions, and functions as a primary method
of communication.

• Collect phone data: The app allows us to send the data as
described in the section “Data Collection” from the users’
phones to our database.

• Record surveys: Surveys will be sent out and answered
through the app.

• Manage user consent: Users can manage their accounts,
including changing which data can be collected, looking
into the data, and granting or revoking consent to
researchers to process the data.

Figure 3. Screenshots of the Health Telescope app.

The app pairs with the wearable, recording steps, heart rate, and
sleep data and displaying the first two to the user. The home
screen further contains a list of the communications sent to the
user. This consists of questionnaires and intervention messages.
Every data type seen in Table 1 is collected and sent to the
Health Telescope database every hour. The following data are
collected by the app:

• GPS: Every hour, the GPS location of the participant’s
phone is determined in the Health Telescope app. This
location is first encrypted and then transmitted from the
phone to the database. GPS tracking provides information
regarding user behavior that might not be obtainable from
activity data. Examples include commuting distance and
capturing the difference between activity on a treadmill
from that out in the world.

• Phone usage statistics: Every hour, a list of services that
have been active on the participant’s phone will be sent to
the database. This list contains the total time, total screen

time, and total background time of app use. The data are
used both for understanding the user’s behavior through
the types of apps used and for measuring the use of a
recommended eHealth app.

• Experience sampling: Participants will be given
questionnaires daily, through the Health Telescope app.
We use the ESM to periodically ask participants about their
mood and happiness. The ESM has been shown to be a
cost-effective way of measuring mental health [30]. The
questions are designed as short and simple, as this can
reduce participant burden [31]. By regularly and briefly
checking up on how participants feel, we can obtain
information on how activity relates to happiness, as well
as investigate the effects of interventions on participants’
short- and long-term happiness. Two questionnaires are
administered. The first is the two-item mood questionnaire.
Mood will be assessed using a two-item mood questionnaire
that splits mood into valence and activity. Each item is rated
on a five-point Likert scale. Mood is deliberately chosen

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e16471 | p.406http://www.researchprotocols.org/2020/7/e16471/
(page number not for citation purposes)

Willemse et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


as a measure over well-being or long-term happiness, as
researchers from the Tilburg Experience Sampling Center
recommended it, with the main merit being its quick
fluctuation; in contrast, well-being and happiness often tend
to mostly change over longer periods [32], providing less
information on day-to-day changes in mood. The second
is the three-point smiley face questionnaire. Using smiley
faces as response options is a simple technique that is
argued to be an elegant way of measuring hedonic levels

of happiness [33]. This coincides with the goal of measuring
“in-the-moment” emotions. The response options for this
questionnaire are a happy, neutral, and sad smiley face.

Figure 4 shows the activities that take place during data
collection. The data types and system in this figure are described
in the sections “Data Collection” and “Data Management,”
respectively. Passive data gathering happens hourly, surveys
are set up by researchers to load onto participants’ phones
periodically, and interventions take place monthly.

Figure 4. Visualization of the interactions in the panel infrastructure for passive data gathering, setting up surveys, loading of daily surveys, and
interventions. ESM: experience sampling method.
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Interventional Apps
The apps that we use for interventions are shown in Table 2.
These apps were selected from a Dutch app store, the GGD App
Store [34]. The Gemeenschappelijke Gezondheidsdienst (GGD),
the Dutch community health service, created this app store,
where they test mobile apps for user-friendliness, reliability,
substantiation, and privacy before being allowed on the app
store. A global score, as well as a detailed verdict per category,
can be seen on the website. Hence, all the apps we selected have
been extensively checked. The GGD furthermore details whether
the apps make use of distinct behavior change theories [35].

It is important to note that nonusage of a recommended app is
important information as well. As we aim to evaluate existing
eHealth apps, seeing whether they are even downloaded and
used is important in its own right. As such, participants are fully

allowed to not follow a recommendation if they do not believe
the recommendation suits them, and participants are allowed
to uninstall or stop using a recommended app at any time.

In selecting suitable apps to include in the study, we aimed to
select a set of apps that are individually diverse enough to allow
different user groups to find an app that might be suitable for
them. This means apps should be accessible for new users who
may be inexperienced with exercise and should offer content
suitable for experienced users as well. Furthermore, we aimed
to select apps that implement different behavior change
approaches, such that we can use these approaches as one of
the building blocks of our personalization approach. Ensuring
that the apps used in the study are accessible and use different
behavior change methods is necessary to answer the project’s
objectives (PO1-3).

Table 2. Details of the apps used.

Behavioral change techniquesWays of encouragementApp name

Feedback on behavior

Social comparison

This app allows users to choose a level of encouragement during workouts.
Results can be shared with friends.

Runtastic

Goal setting

Social incentive

This app allows for goal setting. The app sends reminders to work out. Users
are rewarded with badges.

Runkeeper

Goal setting

Social comparison

This app incentivizes users to move for half an hour per day. Results can be
shared on Facebook.

Human

Commitment

Social comparison

The app focuses on having daily workouts and allows users to compare their
performance to peers.

Seven

Statistical Analysis
To be able to meet the study objectives, it is important to include
sufficient participants in the study. Here, we detail in which
ways the study objectives can be tested and we calculate the
number of participants needed for each of these tests. Although
we will conduct analyses additional to those described here to
fully understand the collected data, this section aims to (1)
motivate the primary analysis carried out for each study
objective and (2) motivate that, given reasonable assumptions
regarding the effect sizes of the selected eHealth apps, our
sample size is sufficient to attain our objectives.

SO1: Effect of eHealth Usage
For each recommended app, a between samples t test comparing
the average difference in activity between the group of
participants who downloaded the recommended app (denoted
as T) and the control group (denoted as C) will be carried out
(Figure 2) in a given month. Using an estimated standard
deviation of 2295 steps (as found in earlier work [36]) for
activity, we will test for a difference in steps by about 1500
steps per day, which we deem a relevant and meaningful effect
size. Using a power of 0.8 and a significance level of .05, we
found that we need approximately 41 participants per app to
conduct each of the different independent tests. Hence, our
recruitment plan in which over 250 people are recruited should
suffice to obtain a control group and four treatment groups (one
for each app) that are large enough to meaningfully test the null
hypothesis that, on average, eHealth usage increases monthly
activity levels.

SO2: Long- and Short-Term Effects of eHealth Usage
To test whether short-term measures of physical activity
meaningfully relate to long-term measures of users’ mood, we
will examine the correlation between these different measures
at different points in time. Our setup (Figure 2) allows us to
correlate activity in the first week of usage of a recommended
app to mood in week 4. We test for a correlation of 0.4 or higher,
which we deem a relevant and meaningful positive correlation.
Using a power of 0.8 and a significance level of .05, we found
that we need approximately 235 participants to reject the null
hypothesis. Our recruitment plan provides within-subject data
for more than 300 subjects, and hence, we collect a sufficiently
large sample to reach our objective.

SO3: Personalizing the Selection of eHealth Apps
The effect of using participant data to allocate interventions
will be tested by analyzing the difference in activity in different
intervention groups. In Figure 2, we denote different groups of
participants who are recruited in different “waves.” The first
two waves will allow us to collect data that we can use to create
a model to predict the effectiveness of different interventions
for different participants (see the section “Treatment and Control
Group Allocation”). We will create a model using the data
collected from 300 participants included in the first two waves
of the study. Figure 2 shows the 120 interventions given in
month 1 and 216 interventions in month 2, which combine to
a projected data set of 336 rows to train the model. This model
will be used to recommend eHealth apps in the third month,
based on the best predicted change in activity for a participant;
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thus, effectively, our recommendations will be personalized.
To test if personalization is effective, we will again conduct a
between samples t test, and this time, we will compare the
average activity of the “personalized intervention” group (group
3, treatment in Figure 2) to the control group. Similar to the
analysis provided above for SO1, we found that our 120
participants in the treatment group in month 3 will be sufficient
to conduct this test.

Ethical Approval
This project has been approved by the Ethical Review Board
of Tilburg University, the Netherlands. METCBrabant carried
out a medical-ethical review and deemed the study to not need
additional medical-ethical regulations. In this section, we will
(1) detail our recruitment and information materials; (2) outline
the process of ethical approval; and (3) discuss our
considerations to submit for ethical approval as opposed to
medical-ethical approval. We expand on the issues relating to
the ethical and legal approval process, as several researchers
we spoke to in this process emphasized how unique and
interesting the Health Telescope is owing to the scope of the
study as well as the design considerations regarding the recently
changed European privacy laws. We hope that by sharing our
experiences, others can more easily proceed through the required
checks for similar projects.

Minimizing Participant Burden
To ensure ethical integrity, we have communicated our goals
with the ethics review board of Tilburg University from the
start of the project. We were guided in minimizing participant
burden by making as many aspects of the study as possible
voluntary in nature. To participate, it is not mandatory to wear
the wearable, participate in surveys, download the interventional
apps, or engage with these apps. This approach upholds
academic ethical standards, and the optional engagement design
also closely mimics real-world scenarios where users are not
bound by rules or rewards to keep engaging with interventional
apps and instead rely on their willpower and motivation. This
allows close inspection of the effect that personalization has on
engagement, activity, and well-being.

Ethical Versus Medical Approval
Academic research in the Netherlands needs to be reviewed and
approved by an ethical review board. Additionally, the country
maintains a stricter approval process when research is considered
medical [37]. To belong in this category, the study needs to (1)
involve medical research and (2) subject participants to specific
actions and behavioral rules, where medical research is defined
as “research with the goal of answering a question in the area
of disease and health (etiology, pathogenesis,
phenomena/symptoms, diagnosis, prevention, and result of
treatment of a disease) by systematically gathering and studying
data. The research aims to contribute to medical knowledge that
also holds for populations outside of the direct research
population.”

Health Telescope falls within a grey area of these criteria. It
concerns health behaviors but does not force any rules on the
participants. The Health Telescope study design has been
assessed by METCBrabant [38] and approved as

nonmedical-ethical research. This can be attributed to the
voluntary nature of every aspect of the panel. Panel members
have the choice to act on any recommendation, and data
collection (as detailed in the section “Data Collection”) is
optional for every data type.

GDPR Compliance
On April 14, 2018, the GDPR [39] was adopted. Under this
legislation, every entity dealing with data within the European
Union has to comply with a set of data rights aimed to give the
group of users, formalized as data subjects, more rights over
the data they produce. The Health Telescope project was
designed to comply with this new regulation. Under the GDPR,
data collection and storage need to be done in a way that puts
data subjects in control of their data, and privacy is ensured by
design. The GDPR officer of Tilburg University checked the
study’s alignment with the GDPR principles and approved the
study. Since this law is novel, we devote special attention to
the actions taken when setting up Health Telescope to comply
with GDPR regulations. We discuss each identified right and
subsequently detail how our study setup complies. The eight
rights that data subjects have, as well as the way we implement
these rights, are as follows:

1. Right to be informed: Data subjects have the right to be
informed about the processing of their data, as well as any
changes to the data made due to any of the other rights. We
comply with this right by design, by informing participants
of what data are collected and why this is useful, sharing
the results from the study, and keeping an open line of
communication in case any information is not clear using
the Health Telescope app.

2. Right to access: Data subjects have the right to, at any time,
ask whether their data are being processed for any reason
and, if so, request access to their data. This right is included
in Health Telescope. The way data are processed is
communicated from the start of the study through the
information received by participants. Additionally,
participants can request access to their data at any time by
sending an email to the Health Telescope team. These
requests are processed within 4 weeks.

3. Right to data portability: Data subjects have the right to, at
any time, transfer their data from one digital processing
system to another. We incorporate this right similarly to
the right to access. Participants can get a full copy of their
data and can receive extracts from our server in CSV files
by sending an email request.

4. Right to restrict processing: Data subjects have the right to
restrict the processing of their data to the procedures they
consent to. This right is included in our design in two ways.
First, participants can choose whether they want data to be
recorded for any data type separately, and they can change
their consent on this at any time. Second, if additional
research is done through Health Telescope, participants can
choose to opt-in or out of this research.

5. Right to object: Data subjects have the right to object to
any processing of their personal data. The combination of
implementing right 2 and right 4 leads to compliance with
this right. The use of communication channels combined
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with participants’ ability to have their data erased ensures
compliance.

6. Right to rectification: Data subjects have the right to have
any incorrect data of theirs that is stored be rectified by the
data controller. Through the implementation of the right to
access and clear communication, we aim to give participants
the tools that also ensure this right is respected. If
participants want any incorrect data to be rectified, it will
be rectified.

7. Right to erasure: Data subjects have the right to, when data
is processed with their consent as a legal basis, withdraw
this consent and have all personal data deleted entirely. We
include this right in our design. Participants have the ability
to delete their data irreversibly.

8. Right to not be subject to automated processing: Data
subjects have the right to not be subject to decisions made
purely from automated processing. This includes profiling,
which produces legal effects greatly affecting them. This
specific right has three exceptions to it [40]. For the
interventions in Health Telescope, we need to automatically
process data into a set of rules. One of the exceptions to
this right is informed consent. If participants are aware that
their data can be used for the interventions and consent to
it, we can use automated processing.

Transmission of data between devices uses HTTPS encryption,
and all data are kept in encrypted storage. Servers can only be
accessed after user authorization, and all server access is logged.
In case of a data leak, we will follow the protocol for data leaks
as defined by Tilburg University [6,39,41].

Dissemination

Publishing
The research findings following the Health Telescope study
will be presented at international conferences, as well as reported
in international peer-reviewed academic journals. Other
longitudinal panel studies have increased the scientific output
from their research by allowing additional researchers to analyze
the panel data. We aim to follow this procedure. The Health
Telescope team is actively open to cooperation with
organizations interested in the data generated in the study.
Applying for data access or cooperation will be possible through
the Health Telescope website.

Data Management
The Health Telescope app and database were created by
RoboticBit. The database can be accessed by researchers through
an authoring client, a web interface with tools for researchers
to set up surveys, distribute interventions, and manage
participants. The database will be realized and managed on the
network of Technical University Eindhoven. Participants can
request access to their data by sending an email to the Health
Telescope team. The primary researchers of the Health
Telescope team will have full access to the database. Any
additional researchers who would like to access the data can
request extracts of the part of the data that they need.

Data Sharing
During the panel study and for a maximum of 10 years after the
data collection has concluded, we aim to give researchers access
to the collected data. There is a procedure to access the data
based on explicit consent from participants, as the data are very
sensitive.

Results

Funding for the project began in November 2017. Ethical
approval was obtained in February 2019. Privacy and data
handling were investigated and approved in a data protection
impact assessment performed by Technical University
Eindhoven in April 2019. The data collection software has been
developed, and an internal pilot was held in June 2019. Another
pilot was planned for Q2 of 2020 but has been postponed owing
to COVID-19 quarantine measures. We currently expect to start
recruitment in Q4 of 2020. Initial results will be published in
2021, and the full study will take 4 months.

Discussion

Revisiting the Objectives
The Health Telescope study aims to investigate how different
individuals respond to different ways of being encouraged to
increase their physical activity using eHealth apps. The study
was specifically designed to allow for long-term data collection
as the long-term effects of the use of eHealth apps are largely
unknown. This long-term data collection allows us to satisfy
our first goal (SO1) of estimating the long-term effects of
eHealth interventions and allows us to passively collect enough
data to accomplish the second goal (SO2) of comparing short-
and long-term outcomes. Finally, our interventions allow us to
test whether a personalized selection of eHealth apps improves
their effectiveness (SO3). Note that we have specifically selected
apps using different behavioral change techniques. This allows
us to not only simply test the effect of the app but also compare
how different techniques influence a person.

We hope that our thorough description of the process of setting
up this panel study is able to accomplish the objectives of this
paper. To accomplish the first objective (PO1), we detailed the
panel setup, explaining both the process and reasoning for our
decisions. We described the process of being in the panel,
showed the collected data, and included the steps for data access
to accomplish the second objective (PO2) and help future
researchers who want to use Health Telescope data. Finally, we
detailed the design, approval procedures, and plans for analysis
to achieve the third objective (PO3) and guide researchers
interested in setting up similar research.

Limitations
One aspect of the study that carries risk is the potential loss of
data that may come with the power that Health Telescope
participants have over their data. While the information supplied
to participants can help them understand why the collection of
data is important, their preferences toward privacy might hinder
data collection. To limit this risk, we have performed a pilot
assessment focused on user experience and have made some
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alterations to the app based on the results of this pilot.
Additionally, as recruitment is gradual, we can observe
participant behavior and investigate any risks during recruitment.
Another factor that is difficult to estimate is the dropout rate in
the panel. While measures to minimize the consequences of
dropout have been put in place, such as a plan to keep
participants engaged, periodic recruitment to keep an active
panel, a panel size allowing for some dropout, and an iterative
study design, it is important to closely monitor dropout.

A potential confounding factor in our setup is the fact that the
Health Telescope app itself provides minimal feedback regarding
the activity of the participant. While this might influence the
behavior of participants, not showing such feedback was deemed
not feasible in pretests as participants wondered whether their
MiBand was properly paired. However, given that our final
comparisons are experimental and the feedback the Health
Telescope app provides is the same in the treatment and control
arms, we believe that this minimal feedback does not interfere
with our objectives.

Panel studies are known to have several types of biases,
including attrition bias of dropout, nonresponse bias, selection
bias, and participation bias. These biases could distort the results
if they lead to a homogeneous participant group. To limit this,
recruitment is performed through multiple channels, and gradual
recruitment. Close monitoring for participant group consistency
can help shape the desired diverse group of participants.

Conclusions
This protocol described the setup of the Health Telescope study.
Health Telescope will enable us to answer several pressing
questions regarding the long-term effectiveness of eHealth apps
designed to motivate users to lead an active lifestyle.
Furthermore, the longitudinal nature of the study, combined
with the unique ability to provide interventions over time, will
allow us to study the effects of personalizing eHealth
recommendations. We hope that by sharing this protocol, we
can make it easier for others to (1) analyze the data resulting
from the Health Telescope study, which we aim to disclose, and
(2) set up their own longitudinal evaluations of the effectiveness
of eHealth apps.
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Abstract

Background: Cancer patients often suffer from the physical and psychological burden of their disease and its treatment. This
is frequently insufficiently identified and addressed in clinical practice. In the context of improving patient-centered care in
oncological patients, patient-reported outcomes (PROs) represent an important addition to current routine care. So far, available
PRO questionnaires for cancer patients are unsuitable for routine procedures due to their length and complexity.

Objective: This study aimed to develop and psychometrically test a short questionnaire to measure health-related quality of life
(HrQoL) in cancer patients for use in routine care.

Methods: This observational study consists of two parts: (1) a qualitative study to develop a short questionnaire measuring
HrQoL and (2) a quantitative study to psychometrically test this questionnaire in five oncological departments of a comprehensive
cancer center. In part 1 of the study, semistructured interviews with 28 cancer patients, as well as five focus groups with 22
clinicians and nurses, were conducted to identify clinically relevant dimensions of HrQoL. The identified dimensions were
complemented with related dimensions from empirical studies and reviewed via expert discussion. Based on this, a short instrument
was developed. In part 2 of the study, the developed questionnaire was tested in cancer in- and outpatients at five participating
oncological clinics using additional standardized questionnaires assessing HrQoL and other important PROs. The questionnaire
was presented to more than 770 patients twice during treatment.

Results: The project started in May 2017 with recruitment for study phase I beginning in December 2017. Recruitment for study
phases I and II ended in April 2018 and February 2019, respectively. After study phase II and psychometrical analyses, the newly
developed questionnaire measuring the HrQoL of all cancer entities in routine care was finalized.

Conclusions: With five to six dimensions and one item per dimension, the developed questionnaire is short enough to not disrupt
routine procedures during treatment and is profound enough to inform clinicians about the patient’s HrQoL impairments and
status.

Trial Registration: Open Science Framework Registries 10.17605/OSF.IO/Y7XCE; https://osf.io/y7xce/

International Registered Report Identifier (IRRID): RR1-10.2196/17854
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Introduction

In addition to morbidity rates, the impact of health-related
quality of life (HrQoL) has grown in cancer treatment [1].
Medical research shows a continual improvement in early
detection and treatment of cancer [1]. Subsequently, there are
more long-term survivors, though patients often suffer from the
consequences of cancer and its treatment [2]. Assuming that
cancer has become a chronic disease for many patients, the
HrQoL of cancer patients needs further attention in routine
procedures [3].

Cancer patients’ role (eg, in a family or group of friends), their
relationship to their spouse, and their social life can be affected
by psychological impairments [4,5]. Also, the perceived
existential threat to the integrity of patients can have a
psychological impact [4]. As a consequence, psychosocial
distress, as well as psychological comorbidities (ie, anxiety and
depressive disorders) can occur or be amplified during or after
treatment [6].

Symptoms of cancer are more or less distinct, depending on the
cancer entity [7]. Prostate carcinoma, for example, depicts a
symptom-free course for months or years in most cases [8]. On
the other hand, pituitary tumors can affect the life of the person
immensely [9]. Cancer patients often experience severe side
effects due to their treatment such as pain, fatigue, weak immune
system, indigestion, sexual dysfunction, nausea, or hair loss
[10]. Correspondingly, the negative impact on the patient’s
HrQoL can be significant [5], which emphasizes the importance
of focusing on HrQoL in clinical practice and research.

In the 1990s, HrQoL was established as an essential part of
cancer treatment, and since then it has existed alongside
disease-related outcomes [3]. Furthermore, HrQoL can be used
to evaluate treatment in cancer patients [11]. At present, HrQoL
is used as a parameter for benefit-cost analysis [12], assessing
which limitations in quality of life can be endured in exchange
for prolonged life. HrQoL proves to be an aspect of
patient-reported outcomes (PROs) since information given by
the patients themselves [12] is the best source from which state
of health can be adequately assessed [11]. This highlights the
importance of integrating PROs, and thus HrQoL, into
patient-centered care since they have been proven to be more
reliable than the clinician’s assessment; they can also aid with
earlier symptom identification [13]. Therefore, PROs should
be implemented into clinical practice to improve screening of
distress, optimize treatment, and measure quality of care [14-20].

The question that is raised is whether HrQoL impairment in a
patient is taken into account in cancer treatment. Time is a scarce
resource for medical staff and has to be spent carefully [21].
Although patient-centered care, including HrQoL, is eminent
and part of the German National Cancer Plan [22], there is
currently no sufficient resource-oriented procedure to measure,
analyze, interpret, or act upon HrQoL data [23]. Even though

there already exists questionnaires to measure HrQoL in
oncological patients, the complexity and time-consuming nature
of these assessments prevent use in clinical routine. An example
of a PRO questionnaire is the European Organization for
Research and Treatment of Cancer Quality of Life
Questionnaire-C30 (EORTC QoL-C30) [24]. It is a highly
recommended tool for the measurement of HrQoL in cancer
patients [25]. Since it comprises eight scales, several additional
single items, and disease-specific modules, it is not practical
for use during routine procedures [26]. Oncological patients are
generally older and should be questioned several times over the
course of treatment; therefore, a long questionnaire like the
EORTC QoL-C30 depletes more capacity than available for
both patients and practitioners [27]. These difficulties also occur
with other instruments (eg, Functional Assessment of Cancer
Therapy [Fact-G] [28], World Health Organization Quality of
Life [WHOQOL] [29]) and result in insufficient integration of
PRO measurements in clinical routine procedures [27].

This issue can be improved by implementing measurements
that are shorter, more adaptive, and prompt action. For example,
the Distress Thermometer (DT) is short, which makes it a more
applicable instrument [30]. Developed by the National
Comprehensive Cancer Network (NCCN), this screening tool
determines the type and extent of psychosocial distress in
oncological patients. Though it does not measure all aspects of
HrQoL, it is often used in clinical practice to screen for need
of support and shortages in a patient’s HrQoL. It consists of an
11-step analogue scale from 0 to 10 to measure distress, and a
list of problems. However, the NCCN-DT is only used in
screening procedures [30] and misses relevant dimensions of
HrQoL such as physical complaints and autonomy [31].
Including its list of problems, the NCCN-DT amounts to 36
items, which is a problematic length for a questionnaire used
in routine care [27]. Due to its high feasibility [30], however,
the NCCN-DT is able to function as a first step in the
development of a reliable and adequate instrument in assessing
HrQoL in oncological patients.

Hence, there are no suitable short instruments to measure HrQoL
in oncological patients for use in clinical routine care. The
present study is the first part of a larger project that ultimately
targets the implementation of PROs in cancer care clinical
practice at the University Medical Center Hamburg-Eppendorf.
The aim of this study is to develop a psychometrically validated
short instrument with six visual analogue scales with one item
each, for repeated measurement of HrQoL of oncological in-
and outpatients generalized for all cancer entities. Use of the
new instrument in clinical practice is expected to improve
patient-centered care, as well as data management for continuous
health care research.
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Methods

Design
In order to develop a validated and reliable instrument, an
observational study with a mixed methods design was conducted
(Figure 1). The study consists of two phases, making use of
qualitative and quantitative data and analyses. Recruitment of

study participants took place at the University Medical Center
Hamburg-Eppendorf, where the developed instrument will also
be implemented. The implementation process is outlined
elsewhere [32]. Inclusion criteria for patients are a cancer
diagnosis, sufficient language skills in German, and no cognitive
or verbal impairments in providing information and giving
informed consent.

Figure 1. Study design.

Study Phase I
The aim of study phase I is to develop five to six relevant
dimensions of HrQoL for cancer patients. For this purpose,
interviews with oncological patients (n=28) were conducted.
To facilitate further discussion and exchange, five focus groups
with oncologists, oncological nurses, and psychologists on
relevant dimensions of HrQoL were undertaken. Patients as
well as clinicians were asked to evaluate the HrQoL dimensions
in general and in regard to cancer treatment. Since senior
clinicians could not be present at the focus groups, interviews
(n=4) were conducted instead.

The outcome of attained qualitative data was presented to a
group of eight experts for discussion. Psychooncologists,
oncologists, patient representatives (leaders of self-help groups),
quality of life scientists, staff nurses, a quality management
representative, and a health insurance representative were
included. On the grounds of these outcomes and of the current
state of research, the dimensions for the instrument were
identified. Items were phrased and discussed among project
group members. Wording, meaning, and overall feasibility of
the items were verified by means of a survey of health care
researchers (n=5). This phase began in December 2017 and
ended in April 2018. For additional feasibility testing, a pilot
study was carried out. Three patients were asked to evaluate the
newly developed instrument by using the reading-out-loud
technique. Since no requests for modification of the instrument

were voiced, the instrument was readied for psychometrical
testing.

Study Phase II
To psychometrically test the developed questionnaire,
oncological in- and outpatients with different cancer diagnoses
and stages of disease were asked to participate. The
questionnaire was presented to the subjects in paper-pencil
format. Furthermore, medical data were retrieved from the
Soarian Clinicals patient documentation system of the University
Medical Center Hamburg-Eppendorf. A pilot run was conducted
in May 2018. Three patients were asked to provide their opinion
using the reading-out-loud technique in order to assess the
comprehensibility and feasibility of the questionnaire. The
statistical survey started in June 2018 and ended in February
2019.

Cooperation Partners
Recruitment of patients in study phases I and II was carried out
in cooperation with the Medical Clinic and Polyclinic, the
Department of Stem Cell Transplantation, the Department of
Gynecology, the Department of Radiotherapy and Radiation
Oncology, and the Institute and Polyclinic for Medical
Psychology.
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Recruitment and Procedures

Study Phase I
Potential patients to be questioned were pointed out by staff.
The appointed patients were asked to participate and interviewed
by research staff. We planned to conduct 28 interviews with
oncological patients; four additional interviews with senior
clinicians were conducted. Medical staff and external experts
were approached and asked to participate. After written consent,
they were invited to either an interview, a focus group, or a
summarizing discussion. We planned to conduct five focus
groups and one expert discussion.

Study Phase II
Potential inpatients to be questioned were pointed out by staff
in the outpatient departments; oncological patients were
addressed directly by research staff. Inpatients were questioned
twice, once at the beginning of their treatment and then again
3-7 days later. The interval of time for questioning outpatients
differed due to practice procedures. They were asked to
participate once during their treatment and again 1 week later.

Patient and Clinician Involvement
Patients and clinicians were not involved in the study design.
Patients first became involved during study phase I when they
were interviewed regarding their HrQoL appraisal. Clinicians
were involved in the recruitment process and execution of the
study. In study phase I, chief physicians were asked to support
recruitment of clinicians by asking their staff to participate. For
study phases I and II, clinicians were asked to point out potential
patients to be questioned. Patients were selected on the basis of
assessments made by the clinicians. For example, severe pain
or low responsiveness in some cases prevented patients from
participating. In order to assess the comprehensibility and
feasibility of the questionnaire, three patients were asked to
give their opinion using the reading-out-loud technique (pilot
study).

Measurements and Outcomes

Study Phase I
A semistructured interview guide was developed based on
Helfferich [33], asking one main question concerning relevant
dimensions of HrQoL to be assessed in routine care. An example
of such a question is “If you imagine that your current doctor
asks you about your quality of life, physical and mental stress,
what would be important for you? / What should not be
forgotten?”. For focus groups, a focus group guide was
developed based on Barbour [34], including the same main
question used in the interview guide.

Study Phase II
To test the validity and reliability of the developed
questionnaire, a series of established standardized measurements
were included in the quantitative survey. In addition to the
developed questionnaire, sociodemographic and standardized
questionnaires assessing HrQoL (Fact-G [28]), Distress
Thermometers [30], Short Form 8 Health Survey (SF-8) [35]),
dignity (German version of the Patient Dignity Inventory
[PDI-G] [36]), as well as depressive and anxiety symptoms

(Patient Health Questionnaire-4 [PHQ-4] [37]), were included
for psychometric purposes. These standardized questionnaires
were included to validate the newly developed questionnaire.
The priority objective of study phase II is a reduction to five to
six HrQoL dimensions with one item each. The final result of
this study phase is a psychometrically validated short instrument
to assess HrQoL in cancer patients for use in routine clinical
practice.

Data Analysis

Qualitative Analysis
Interviews, focus groups, and expert discussion were carried
out by scientists, recorded, and afterwards transcribed by study
staff. The qualitative data was structured via the software
program MAXQDA 10 and analyzed using qualitative content
analysis based on Mayring [38]. Within the procedure of
analyzing the data, deductive-inductive category application
was used: deductive main categories (generated through
literature research) and inductive subcategories (derived from
the qualitative text analysis of the interviews and focus groups).
Quality criteria to be examined for the qualitative content
analysis are interrater reliability and communicative validation.

Quantitative Analysis
For study phase II data, an exploratory structural equation model
(principal component analysis) was planned to be computed via
SPSS (IBM). Reliability as well as validity (internal consistency,
construct validity, content validity, criterion validity,
correlations, and responsiveness) of the instrument were
assessed through item and scale analysis. Missing data were
compensated for by an expectation–maximization algorithm
[28]; in cases of missing data of more than 30% per case,
exclusion of data was carried out. Transformations of data were
only applied if required by the data structure (ie, nonnormality
of residuals). Exclusion of data due to systematic bias or false
statement was not necessary. Further exploration of the data to
look for unexpected differences or relationships were undertaken
using subgroup analysis.

Sample Size and Power
Confirmative models allowed for the determination of an
appropriate sample size; based on Monte Carlo study results,
for a power of 80%, a sample size of at least 460 patients is
needed [39]. Calculating a dropout rate of 40%, a minimum
number of 770 addressed patients ensures enough data will be
obtained.

Ethics and Dissemination
The intention of this project is to improve psychosocial care for
cancer patients in routine clinical practice. Patients and health
care professionals were asked to participate by joining focus
groups and interviews and by completing questionnaires. The
written survey methodology does not involve direct intervention
in medical procedures. We expect no risks or disadvantages for
patients, although one potential but unlikely stressor may arise
as participants confront the shortcomings of their quality of life.
This could have a negative influence on adjustment to and
handling of the illness. However, the participating clinics of
this project already offer psychooncological support, which is
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also available for the patients in this study. A written informed
consent is mandatory for participation in the study. Patients
interested in the study were informed about the voluntary nature
of participation and the possibility to refuse or discontinue
participation at any time without any negative consequences.
Additionally, patients were informed about the study’s aims
and personal risks. For further questions concerning the study,
the contact details of study assistants were provided. The study
received approval by the ethics committee of the Medical
Association of Hamburg (reference number: PV5636).

The project started in May 2017 and is planned for 36 months.
In December 2017, the first interviews were carried out.
Qualitative data of the first study phase were evaluated by April
2018. Quantitative data collection was conducted from June
2018 to February 2019 with subsequent analysis of the obtained
data.

Regarding the dissemination plan, two further publications
regarding the development of the short instrument for cancer
patients will be published (eg, one paper on study phase I and
one paper on study phase II).

Results

This project is funded by Innovationsfond des Gemeinsamen
Bundesausschusses (grant number: 01VSF16024). Recruitment
was completed in February 2019.

So far, 32 interviews, 5 focus groups, and 1 expert discussion
have been conducted. On the grounds of the qualitative analyses
of the obtained material, six dimensions with 10 items were
identified. After study phase II (n=630) and psychometrical
analyses, the newly developed questionnaire (HELP-5
[Hamburger Inventar zur Erfassung von Lebensqualität bei
onkologischen Patienten]; English translation: Hamburg
Inventory for Measuring Quality of Life in Oncological
Patients), comprising five dimensions with one item each to
measure HrQoL in all cancer patients in routine care, was
finalized. The first results of both study phases are expected to
be submitted for publication by the end of 2020.

Discussion

HrQoL is of vast importance for cancer patients. In the context
of improving oncological patient-centered care, continuous PRO
monitoring represents an important addition to current routine
care to identify and address patients’ needs [40,41]. As patients
are highly affected by their disease and its treatment, tools for
measuring HrQoL need to be a permanent feature of routine
care. At present, instruments measuring HrQoL do not match
the requirements of routine care (ie, brevity, adaptiveness,
simplicity). The questionnaire developed in this study should
be able to meet the above-mentioned requirements. With five
to six dimensions and one item per dimension, the developed
questionnaire is short enough to not disrupt routine procedures
during treatment but is profound enough to inform clinicians
about the patient’s impairments and course concerning HrQoL.
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Abstract

Background: The advent of direct-acting antivirals (DAAs) and point-of-care (POC) testing platforms for hepatitis C allow for
the decentralization of care to primary care settings. In many countries, access to DAAs is generally limited to tertiary hospitals,
with limited published research documenting decentralized models of care in low-and middle-income settings.

Objective: This study aims to assess the feasibility, acceptability, effectiveness, and cost-effectiveness of decentralized
community-based POC testing and DAA therapy for hepatitis C among people who inject drugs and the general population in
Yangon, Myanmar.

Methods: Rapid diagnostic tests for anti-hepatitis C antibodies were carried out on-site and, if reactive, were followed by POC
GeneXpert hepatitis C RNA polymerase chain reaction tests. External laboratory blood tests to exclude other major health issues
were undertaken. Results were given to participants at their next appointment, with the participants commencing DAA therapy
that day if a specialist review was not required. Standard clinical data were collected, and the participants completed behavioral
questionnaires. The primary outcome measures are the proportion of participants receiving GeneXpert hepatitis C RNA test, the
proportion of participants commencing DAA therapy, the proportion of participants completing DAA therapy, and the proportion
of participants achieving sustained virological response 12 weeks after completing DAA therapy.

Results: Recruitment was completed on September 30, 2019. Monitoring visits and treatment outcome visits are scheduled to
continue until June 2020.
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Conclusions: This feasibility study in Myanmar contributes to the evidence gap for community-based hepatitis C care in low-
and middle-income settings. Evidence from this study will inform the scale-up of hepatitis C treatment programs in Myanmar
and globally.

(JMIR Res Protoc 2020;9(7):e16863)   doi:10.2196/16863

KEYWORDS

hepatitis C; primary health care; community health services; delivery of health care; point-of-care testing; retention in care; Asia,
Southeastern

Introduction

Globally, an estimated 71 million people are living with hepatitis
C virus infection [1]. Left untreated, hepatitis C can lead to
complications, including cirrhosis, liver failure, and
hepatocellular carcinoma [2]. The advent of direct-acting
antivirals (DAAs) revolutionized hepatitis C treatment [3-6].
DAAs have few side effects, involve an all-oral regimen, and
most people require treatment for only 8-12 weeks [7]. Given
that hepatitis C treatment is now simple and safe, there is a push
to simplify clinical care pathways to enable rapid scale-up and
access to treatments. Although the advent of DAAs made
decentralized models of care led by general practitioners (GPs)
in primary care settings possible [8,9], the dominant model
remains as specialist physicians prescribing at tertiary hospitals.
Alongside the introduction of these new treatments, there are
various World Health Organization (WHO) prequalified
point-of-care (POC) testing and diagnostic technologies
available for hepatitis C [10,11]. The availability of POC testing
technologies means same-day on-site diagnosis is now possible,
reducing the number of times a participant needs to attend the
clinic to receive a diagnosis and initiate treatment [7].

Decentralized testing and treatment approaches are supported
by the WHO Guidelines for the Care and Treatment of Persons
Diagnosed with Chronic Hepatitis C Virus Infection (July 2018)
[7], specifically at primary health facilities or harm reduction
sites, to promote access to care. These models of care can be
implemented using a differentiated care approach that allows
for specialist referral as required [7]. Implementation of this
model requires simplified diagnostic pathways, training of GPs,
specified referral pathways for complicated cases, and access
to DAAs in community settings. In this paper, we have defined
GPs as medical doctors with no further specialized training after
completing their university qualifications. They are sometimes
referred to as generalist doctors or primary care physicians in
other settings, although it should be noted that in many settings,
primary care physicians/GPs often have specialized training.
Globally, research trials and programs led by non-government
organizations have included decentralized community-based,
GP-led models of care [12,13] and, more recently, trials of
same-day treatment initiation models [12,14]. However, there
is little well-documented evidence of these models of care and
their feasibility and effectiveness, particularly in
resource-limited settings [12].

In the Republic of the Union of Myanmar (hereafter, Myanmar),
an estimated 1.4 million people have hepatitis C infection, and
the estimated overall population prevalence is 2.7% [15]. Similar
to many resource-limited settings, it is likely that most people

acquired hepatitis C in official and nonofficial health care
settings, including via unsafe surgery, contaminated blood
transfusions, repeated use of syringes for vaccinations/injections,
or unsafe dental treatment [7]. At the same time, there is a
substantial level of infection among people who inject drugs
(PWID), with an estimated 56% prevalence across Myanmar,
reaching 84% in some regions [16]. The likely mode of
acquisition in this population is through shared injecting
equipment.

Currently, in Myanmar, DAAs are mostly available through the
National Hepatitis Control Program in tertiary hospitals, the
private sector, some international and local nongovernmental
organizations, and research projects (generally focusing on
people with HIV and hepatitis C co-infection). There is currently
limited capacity in centralized laboratories in Myanmar to
provide hepatitis C RNA polymerase chain reaction (PCR)
testing, other than those utilizing the Cepheid GeneXpert
platform.

Given the large numbers of people infected, if treatment is to
be accessible to everyone with hepatitis C infection, it is
important that treatment is available in both community settings
and tertiary hospital settings. Few countries allow GPs to
prescribe DAA therapy [17], and Myanmar is one of them [18].
The National Guidelines for the Simplified Treatment of
Hepatitis C Virus Infection allow GPs to prescribe DAA therapy
and for the use of the Cepheid GeneXpert hepatitis C RNA PCR
test to assess if someone has current hepatitis C infection [18].
However, to date, there is insufficient data to assess the success
of this decentralized approach, including the use of the
community-based diagnostic and treatment pathway in Myanmar
and other low-and middle-income settings globally [12,14,19].

The Hepatitis C: Community-based Testing and Treatment
Study (CT2 study), undertaken by the Burnet Institute, is part
of the Foundation for Innovative New Diagnostics (FIND)–led
Hepatitis C Elimination through Access to Diagnostics
(HEAD-Start) program funded by Unitaid. It was designed to
assess the feasibility of a decentralized hepatitis C model of
care in a resource-constrained setting, utilizing POC testing
technologies with a GP initiating DAA therapy in the majority
of participants, with a pathway of care to tertiary hospitals for
people with decompensated cirrhosis. This paper describes the
protocol of the CT2 study.

Methods

Study Design
The CT2 study is a feasibility trial of decentralized
community-based hepatitis C testing utilizing POC testing
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technologies and GP-led DAA treatment initiation and measures
on the outcomes of completion of the hepatitis C diagnostic
pathway, treatment initiation, and treatment outcomes. The
study aimed to treat 450 participants for hepatitis C infection
with the pangenotypic regimen sofosbuvir 400 mg and
daclatasvir 60 mg.

The study protocol (version 7, June 27, 2019) follows the
Standard Protocol Items: Recommendations for Interventional
Trials statement. The trial was registered at ClinicalTrials.gov
NCT03939013 on May 6, 2019.

Trial Status
Recruitment commenced on January 30, 2019 and was
completed on September 30, 2019.

Objectives
This study will determine if implementing this model of care
is feasible in Myanmar. It assesses the key requirements for
implementation in a resource-constrained setting, the
acceptability of the model of care to participants and providers,
and the cost of implementing the model in this setting.

Primary Outcome Measures
The primary outcome measures include:

1. The proportion of anti-hepatitis C antibody (Ab)-positive
participants who receive a GeneXpert hepatitis C RNA
PCR test

2. The proportion of hepatitis C RNA PCR-positive
participants who are initiated on DAAs

3. The proportion of participants initiated on treatment who
complete therapy (defined as picking up the last 28-day
bottle of medication and not reporting >7 days missed
doses)

4. The proportion of participants who completed treatment
who achieve a sustained virologic response (SVR12).

Secondary Outcome Measures
The secondary outcome measures include:

1. The proportion of participants requiring specialist review
2. Feasibility of the testing and treatment pathways from the

provider perspective
3. Acceptability of the testing and treatment pathways

participant
4. Costing of POC testing and treatment pathways at

community sites
5. Time from the collection of hepatitis C RNA test samples

to treatment initiation.

Feasibility Assessment
To assess the feasibility of this model of care, we will focus on
3 of the domains identified by the study by Bowen et al
[20]—How We Design Feasibility Studies: demand,
implementation, and practicality. Demand will be assessed using
testing and treatment uptake (primary outcome measures number
1 and number 2). Implementation and practicality will be
assessed using the Gericke et al [21] Intervention Complexity
framework: (1) characteristics of basic intervention, (2)
characteristics of delivery, (3) requirements on government

capacity, and (4) usage characteristics. For these dimensions,
we will focus on the requirements for the GeneXpert device
and GP-initiated DAAs.

Study Setting and Recruitment

Study Setting
This study is being conducted in Yangon, Myanmar. Yangon
is the largest city in Myanmar, with a population of over 7
million people [22]. Yangon has five hospital sites (three for
HIV/hepatitis C co-infected patients, two for hepatitis C
mono-infected patients) that can provide hepatitis C treatment
at no cost as part of the government-led National Hepatitis
Control QuickStart program; a subset of hospitals also provide
a subsidized treatment program to patients. However, only a
small proportion of patients requiring treatment can currently
access treatment through the government-led program. As a
consequence, there is a high unmet need for no-cost/low-cost
hepatitis C testing and treatment programs among the general
population in Yangon as well as for PWID, who are often unable
to access hospital-based programs.

Study Sites
The study is being conducted at 2 community clinics in Yangon:
the Burnet Institute Thingangyun Key Population Service Clinic
(hereafter referred to as the Burnet clinic) and the Myanmar
Liver Foundation (MLF) Than Sitt Charity Clinic (hereafter
referred to as the MLF clinic). Clinics are staffed by a trained
GP (study medical officer), a nurse, and a laboratory technician
for the duration of the study, plus a peer worker at the Burnet
clinic and reception staff at MLF clinic. These study sites are
separate from the hospital program sites described earlier.

The Burnet clinic provides health care services primarily to
PWID, including needle and syringe distribution. The Burnet
clinic is located in the Thingangyun township near the major
methadone treatment center in central Yangon.

The MLF clinic serves the general population of patients with
liver disease, with a focus on hepatitis B and hepatitis C care.
MLF is well known across Myanmar for providing hepatitis B
vaccination and treatment and hepatitis C testing and treatment;
it runs several clinics across the country. MLF clinics provide
outreach hepatitis C screening to various townships on an ad
hoc basis, with those who test positive referred to MLF clinics
for further testing and, if available, treatment through research
studies, philanthropic projects, and other cost-sharing
arrangements. The MLF clinic in Yangon also advertises its
services via Facebook and accepts referrals from physicians for
patients with elevated liver enzymes and other indicators of
hepatitis B or hepatitis C.

Recruitment
Recruitment into the study was based on prescreening eligibility
assessment (criteria described further in Study Assessments,
Pretreatment Assessments section). At the Burnet clinic, the
study was advertised to potential participants using flyers
displayed at the methadone treatment centers in Yangon and
through Burnet peer outreach workers distributing flyers and
speaking with PWID about the study. Burnet peer outreach
workers also assessed potential participants for eligibility for
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enrollment in the study and made initial screening appointments
with the nurse and medical officer at the clinic.

MLF clinic medical officers registered potential participants
(including those previously screened anti-hepatitis C Ab
positive) before commencement of the study and then invited
them to attend the clinic in order of registration date. Patients
attending the clinic on specified recruitment days (3 to 5 days
per week) were also offered participation in the study.

At the initial study visit, the study nurse explained the purpose
and procedure of the study to interested participants.
Pre-enrollment eligibility was then assessed by the study nurse,
and the consent procedure was conducted by the study nurse
and medical officer.

Study recruitment commenced at the MLF clinic on January
30, 2019, and at the Burnet clinic on February 4, 2019; the last
participant was recruited on September 30, 2019. Each clinic
aimed to start 225 participants on DAA therapy; a total of 585
3-month treatment courses were available for the study,
including some 6-month courses allocated to treat cirrhotic
participants.

Eligibility
Before enrollment, participants had to be:

1. Aged 18 years or older
2. Willing and able to provide written informed consent
3. Not previously tested for hepatitis C virus (HCV) RNA
4. Hepatitis C treatment naïve (no prior pegylated

interferon-based therapy or DAA therapy)
5. Without HIV or hepatitis B infection and active

tuberculosis/being treated for tuberculosis, with known
estimated glomerular filtration rate (eGFR) <30

mL/min/1.73m2 and not pregnant (all self-reported)
6. Taking no medications with serious drug-drug interactions

with sofosbuvir/daclatasvir that the participant would be
unable/unwilling to cease.

Eligible participants were consented by delegated study staff
(nurse and medical officer), provided written informed consent,
and then study procedures commenced.

Study Interventions

Point-of-Care Anti-Hepatitis C Antibody Test
Trained laboratory technicians performed phlebotomy and
conducted a POC immunochromatographic rapid test for
anti-hepatitis C antibodies, using whole blood venous samples.
This study used the WHO-prequalified SD BIOLINE hepatitis
C test (Standard Diagnostics Inc, South Korea). It has 99.3%
(95% CI 97.9%-99.8%) sensitivity and 100% (95% CI
99.7%-100%) specificity [23], with the result read within 5 to
20 min of the test start time.

The results were then communicated to the medical officer using
internal laboratory test forms filled out by the laboratory
technician; the medical officer returned the test results to the
participants and provided relevant posttest counseling. If
reactive, the participants were offered a near-POC hepatitis C
RNA test using the remaining blood sample to determine if they
had active hepatitis C infection.

Point-of-Care Hepatitis C RNA Test
Participants who were anti-hepatitis C Ab positive underwent
a near-POC hepatitis C RNA test at the study site (Cepheid
GeneXpert Hepatitis C RNA test). The WHO-prequalified
GeneXpert hepatitis C RNA test is a reverse transcriptase PCR
test performed on blood plasma samples using fluorescence to
detect RNA; it is designed to quantify the viral load of hepatitis
C RNA [10]. Its sensitivity was 100% (95% CI 94.6%-99.9%)
and specificity was 100% (95% CI 75.9%-99.4%); the device
error rate was 1.67% [10].

The blood sample was first spun in a centrifuge at 1500 rpm
for 10 to 15 min (as per the manufacturer’s instructions) to
separate plasma from the whole blood sample, within 2 hours
of sample collection. The plasma was then pipetted into the
GeneXpert cartridge, and the cartridge was placed in an
available module in the GeneXpert machine, the module cover
was closed, and the assay commenced; the run time was 105
minutes. Tests were not batched, so they can be performed
individually without delay.

GeneXpert results can be hepatitis C RNA detected (within the
quantitative range, above the quantitative range [>1.00E08
IU/mL] or below the quantitative range [<10 IU/mL]) or
hepatitis C RNA not detected. If the result is RNA detected, but
below the quantitative range, the participant will be retested in
12 weeks. If the result is RNA detected and within or above the
quantitative range, then the participant is considered to currently
have hepatitis C infection.

Participants with an RNA-detected result then have an HIV
antibody (Ab) rapid test and hepatitis B surface antigen (HBsAg)
rapid test; if both these tests are negative, blood samples are
sent to an external laboratory for standard pretreatment
laboratory investigations (refer to the Pretreatment Assessments
section). If the HBsAg test is positive, hepatitis B surface
antibody (HBsAb) and hepatitis B core antibody (HBcAb) tests
were performed at the laboratory. If the HIV Ab rapid test was
s positive, the participant was referred for confirmatory testing
and withdrawn from the study if HIV positive.

Generally, all blood required for diagnostic testing and
pretreatment assessments was collected in one blood draw.

Direct-Acting Antiviral Therapy
Participants who tested RNA detected (or positive) in the study
could then receive a combination DAA therapy of sofosbuvir
(400 mg) and daclatasvir (60 mg). Those with an aspartate
aminotransferase to platelet ratio index (APRI) <2.0
(noncirrhotic) were offered a 12-week course. Those with an
APRI ≥ 2.0 (cirrhotic) were offered a 24-week course, consistent
with the national Simplified Treatment Guidelines for Hepatitis
C Infection. A previous APRI validation study found that an
APRI <2.0 reliably excluded cirrhosis in 85% of patients, with
a negative predictive value of 91% [24]. (In line with the
updated National Guidelines [second edition, July 18, 2019],
the APRI cutoff was changed to 1.5 from August 6, 2019.)

All participants were reviewed and initiated on therapy by the
study medical officer (a trained GP) at the study site. A specialist
review was only required for those with signs of liver
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decompensation; the study medical officer referred to a
consulting hepatologist as necessary and to other specialists at
the local tertiary hospital at his or her discretion for other major
comorbidities. A total of 4 weeks of medication is dispensed at
the study site by the medical officer or nurse (site dependent)
at baseline, week 4, and week 8 of treatment and at weeks 12,
16, and 20 for those on a 24-week course. Participants
self-administer the combination therapy daily; adherence is
monitored using self-report and pill counting if the participants
return medication bottles.

The exclusion criteria for commencing DAA therapy in the
study included (1) no active hepatitis C infection, (2) HIV
co-infection, (3) hepatitis B virus co-infection, (4) active
tuberculosis/on tuberculosis treatment, (5) eGFR <30

mL/min/1.73m2, (6) pregnancy, and (7) taking medications with

serious drug-drug interactions with sofosbuvir/daclatasvir, which
that participant is unable/unwilling to cease.

Participants with decompensated cirrhosis are eligible to access
therapy through the study under the supervision of a consultant
hepatologist if recommended after a consultant review.
Consultant hepatologists are available on the weekends at the
MLF clinic to see participants from the Burnet and MLF clinics;
participants must attend the MLF clinic or Yangon Specialty
Hospital to complete a specialist review. Advice from the
consultant hepatologist is available via phone call and, if
required, at other times.

Study Assessments
Following consent and study enrollment, participants completed
assessments, as outlined in the schedule of assessments (Figure
1). The visit schedule is described in Figure 2.

Figure 1. Study assessments overview.
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Figure 2. Study Visit Schedule.

Visit 1: Screening and Diagnosis
This visit included a POC anti-hepatitis C Ab rapid test and
POC hepatitis C RNA test, followed by an HIV Ab rapid test
and a HBsAg rapid test. Blood samples were sent for
pretreatment assessment investigations (further details given in
Pretreatment Assessment). The hepatitis C RNA test result was
returned to the participant during visit 1 or at the next
appointment (visit 2).

Visit 2: Diagnosis (Return of Hepatitis C RNA Test
Result)
If participants do not wait to receive the POC hepatitis C RNA
test result during visit 1, they returned to the clinic to receive
it at the next appointment.

Participants who tested hepatitis C RNA not detected were
classified as having cleared their virus spontaneously
(participants are not eligible if previously treated). They were
informed of their results and do not require treatment.

Visit 2/3: Baseline (Pretreatment Assessment and
Direct-Acting Antiviral Initiation)

Pretreatment Assessment

Pretreatment assessment included the following laboratory
investigations:

• HIV Ab test (Alere Determine HIV-1/2 Ab rapid diagnostic
test; performed at the study site)

• Hepatitis B surface antigen test (Alere Determine HBsAg
rapid test performed at the study site)

• HBsAb test and HBcAb serology; hepatitis B DNA test
performed if required

• Liver function tests: alanine aminotransferase (ALT),
aspartate transaminase (AST), bilirubin, albumin, alkaline
phosphatase

• Full blood examination: platelets and hemoglobin

• Renal tests: creatinine and eGFR.

These investigations were performed by a laboratory technician
and at an external laboratory after RNA test results were
available and returned to the participant at the next appointment
(visit 2/3).

Cirrhosis/Decompensation Assessment

The APRI score was calculated to assess if liver cirrhosis was
present. The medical officer calculated the APRI using the

formula APRI=([AST/ULN]/ ([Platelet count × 109/L])) × 100
[24], where ULN is the upper limit of normal. The AST ULN
was set at 40 U/L for consistency across the study because
laboratory reporting can vary.

The medical officer performed physical examinations for clinical
signs of cirrhosis, including (1) liver enlargement with a firm
liver edge, (2) spider nevi, (3) jaundice, (4) palmar erythema,
(5) leukonychia, (6) gynecomastia, and (7) proximal muscle
wasting/generalized sarcopenia. The medical officer also
performed physical examinations and took a history of the
clinical symptoms and signs of decompensation, including
ascites, hepatic encephalopathy, and hematemesis and melena.

HIV and Hepatitis B Virus Co-Infection

Participants with HIV infection and chronic or acute hepatitis
B infection were not eligible to commence treatment as part of
the study. Participants with HIV or hepatitis B co-infection were
referred to government-led QuickStart program hospital sites
for further assessment of eligibility for this program or to the
MLF clinic for other research studies or cost-sharing programs.
Participants were referred to a local HIV treatment center if
newly diagnosed.

Referral to a Hepatologist

Participants with (1) ALT or AST >200 U/L, (2) bilirubin above
ULN (1.14 mg/dL), (3) albumin <35 g/L without other obvious
cause, (4) jaundice, (5) ascites, (6) hepatic encephalopathy, or
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(7) hematemesis and melena were referred to a hepatologist for
review.

Participants with ALT or AST levels between 100 and 200 U/L
were advised to reduce alcohol intake, and the medical officer
could consider locally available liver-supportive supplements
as per the hepatologist’s advice. Liver function tests (LFTs)
were retested after 2 weeks, with updated LFT results to inform
if a referral to a hepatologist was required, and the updated
APRI score was used to inform the treatment duration.

If the participants were identified with hepatic decompensation,
they were referred to a specialist for care.

Direct-Acting Antiviral Therapy Initiation
DAAs were initiated by the study medical officer during visit
2/3 after reviewing and returning pretreatment assessment results
to the participant. If the participant required a specialist review,
DAAs were initiated (when appropriate) by the medical officer
after the participant returned from the specialist review
appointment.

On-Treatment Monitoring Visits
Participants commenced DAA therapy and received short
on-treatment monitoring visits every 4 weeks (weeks 4, 8, and
12 for a 12-week course, plus weeks 16, 20, and 24 for a
24-week course). These visits include medication dispensing
and questions about alcohol use, injecting drug use, medication
adherence, and side effects. On-treatment visits are not required
by the National Guidelines; they are included to collect
study-related data.

Sustained Virologic Response 12 Assessment
After 12 weeks of treatment completion, the participants return
to the clinic for the assessment of SVR12 using the Cepheid
GeneXpert hepatitis C RNA test. If hepatitis C RNA is detected
but <10 IU/mL, then the participant is retested in 12 weeks. If
RNA is detected and within or above the quantitative range, the
participant undergoes further testing using dried blood spot
samples collected at screening and SVR12 to determine the next
potential treatment course.

Data Sources

Clinical Case Report Forms
Clinical data are collected in case report forms (CRFs) using
the electronic database Open Medical Records System
(OpenMRS); medical officers at the study site complete
electronic CRFs (eCRFs) in OpenMRS first, but paper CRFs
were used at the beginning of the study before eCRFs were
finalized and are available if there are extended power outages
or the database does not function properly. OpenMRS is an
open-source medical records system; the database and the
system are tailored to meet disease- and clinic-specific
requirements. The OpenMRS database is run from a secure local
server at each study site; backups of participant data are
encrypted. Regular de-identified data exports are emailed to the
data management team as a CSV (comma-separated values)
file.

Visit 1/2 (Screening and Diagnosis): Case Report Forms
1 and 2
At visit 1/2 (Screening and Diagnosis), demographic data, drug
use data, medical history, hepatitis C test results, and when
participants received their diagnosis results were recorded.

Demographic data include age, sex, education level, employment
status, income level, and residence locality. Drug use data
include a history of injecting drug use, frequency of injecting,
substances injected, receptive sharing of injecting equipment,
history of and current methadone maintenance therapy, and
alcohol consumption via the Alcohol Use Disorders
Identification Test – Consumption (AUDIT-C) questionnaire.

Visit 2/3 (Baseline): Case Report Form 3 and Visit 3 /4
(Specialist Review) Case Report Form 7
At visit 2/3 (Baseline), pretreatment assessment laboratory
results, clinical review, and treatment plan were recorded in
eCRFs. A specialist review is captured in an eCRF by the
medical officer when the participant returns to the study site,
including laboratory investigation results, examination notes,
and the recommended treatment plan.

On-Treatment Monitoring—Case Report Form 4
At monitoring visits (on treatment, end of treatment), the
following data are collected: alcohol use in the past month using
the adapted AUDIT-C questionnaire, injecting drug use in the
past month (including frequency of injecting, substance/s most
commonly injected), receptive sharing of injecting drug use
equipment, current methadone maintenance therapy, side effects
experienced, medication adherence (any missed doses, how
many missed doses, and whether the doses were missed on
consecutive days), and any new medications.

Sustained Virologic Response 12 Weeks Post-Treatment
Completion Assessment: Case Report Form 5
At SVR12 visit (12 weeks after treatment completion), the
following data are collected: alcohol use via the AUDIT-C
questionnaire, injecting drug use in the past month (including
frequency and substance), receptive sharing of injecting drug
use equipment, current methadone maintenance therapy,
hepatitis C RNA test result (SVR12 assessment), and details on
when the participant received the result (on the same day or the
next appointment).

Study Discontinuation: Case Report Form 6
When a participant exits the study, the date of exit and the reason
for discontinuation (ineligible, loss to follow-up, participant
decision, etc) are recorded. Participants are contacted at least
three times over 4 weeks by phone and via their secondary
contact at least once. A peer worker from the Burnet clinic also
tries to contact the participant via outreach work. If there is no
response or the participant is incarcerated, they are classified
as lost to follow-up; if the participant has withdrawn from the
study, this decision and the reason are recorded.

Participant-Completed Questionnaires
Participant-completed questionnaire data are collected in
Research Electronic Data Capture (REDCap) [25]. REDCap is
a web-based database system that hosts customized
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project-specific questionnaires. All participants completed a
behavioral questionnaire at the first study visit (Screening visit).
It collects data on demographics, lifetime health care utilization
(locations and providers), alcohol use, injecting drug use,
incarceration history, sexual behaviors, experiences of
stigma/discrimination, and reason for seeking a hepatitis C test.

All participants also complete an acceptability survey at the
Screening/Diagnosis visit, after receiving the results of
anti-hepatitis C Ab and/or hepatitis C RNA tests. It collects
information on referral to the clinic, how they found out about
the clinic, how they got to the clinic (including transport mode,
time spent, and cost), level of comfort in talking with a health
provider about risk behaviors, confidence in the knowledge of
hepatitis C, hepatitis C knowledge, acceptability of the Ab rapid
diagnostic test (including the collection of blood samples, trust
in test accuracy, and wait to receive results), and acceptability
of POC GeneXpert hepatitis C RNA test (including the
collection of blood samples, trust in test accuracy, and wait to
receive results) using a 5-point Likert scale for acceptability
and confidence, and testing preferences by asking which test
option participants would choose.

Participants complete a combined behavioral and acceptability
survey at the SVR12 visit. The survey collects data on the past
months’health care utilization, alcohol use (modified AUDIT-C
questions for the past month), injecting drug use, acceptability
of the testing and treatment process, details of how often
participants attended the clinic, any costs to the participant,
confidence in the knowledge of ongoing liver-related care
required, and how to prevent reinfection.

Participant Interviews
Semistructured interviews will be conducted with 10 to 15
participants from each study site. The interview guide includes
questions related to the experiences and views participants have
toward services at the clinic, POC hepatitis C testing (both Ab
and RNA testing), and treatment course. These data complement
the acceptability survey data.

Provider Interviews, Surveys, and Clinical Workflow
Observations
Semistructured interviews will be conducted with providers
from each study site. Provider interviews will ask about the
processes involved in conducting the tests, the processes
involved in providing treatment, the referral process, and the
processes for following up participants. These data will
contribute to assessing the feasibility of the model of care from
the provider perspective, contributing to domains of practicality
and implementation. The provider survey will be completed by
providers at each study site and will cover the acceptability and
usability of Ab and RNA test devices and procedures. Clinical
workflow observations recording workflow and time taken by
staff members to complete specific aspects of workflow were
completed midway through the study. These workflow
observations will contribute to intervention complexity
assessments.

Document Review
A document review of the GeneXpert device requirements,
DAA requirements, training requirements, project meeting
minutes, and monitoring visit reports will be used to inform
intervention complexity assessments and practicality and
implementation feasibility domains. GeneXpert device error
reports and maintenance reports will also be included in the
feasibility and intervention complexity assessment.

Data Management
All quantitative CRF and survey data are managed in Stata SE
15 (Stata Statistical Software: Release 15, StataCorp LLC).
OpenMRS and REDCap CSV file exports are imported into
Stata and labeled and cleaned before conducting data quality
checks and analysis. Regular data quality checks (every 2-4
weeks) and subsequent timely query resolution (<14 days) are
performed to ensure quality assurance by the Burnet Institute
project staff. The list of study IDs from the enrollment log is
compared with OpenMRS and REDCap exports to ensure that
no records are missing. Key data, including visit dates, test
dates, test results, DAA therapy regimen and commencement
date, and study discontinuation information, are checked for
completion and logical responses.

Interviews will be audio recorded, transcribed, and translated
into English. Transcript data will be managed using NVivo
(QSR International).

Statistical Analysis

Primary Outcomes
Outcomes 1-4 measuring the proportion of uptake across the
cascade of care will be used to assess the feasibility of the model
of care in terms of demand and practicality.

Outcome 1: The Proportion of Anti-Hepatitis C
Antibody-Positive Participants who Received a GeneXpert
Hepatitis C RNA Polymerase Chain Reaction Test

Descriptive statistics of the number and proportion of
anti-hepatitis C antibody-positive participants who receive a
GeneXpert hepatitis C RNA PCR test are provided. Any
difference between sites will be determined using chi-square
tests.

Outcome 2: The Proportion of Hepatitis C RNA Polymerase
Chain Reaction-Positive Participants who Are Initiated on
Direct-Acting Antiviral Therapy

Descriptive statistics of the number and proportion of hepatitis
C RNA PCR-positive participants who are initiated on DAAs
are provided. Any difference between sites will be determined
using chi-square tests.

Outcome 3: The Proportion of Participants Initiated on
Treatment who Complete Therapy

Descriptive statistics of the number and proportion of
participants initiated on treatment who complete the therapy
(defined as picking up the last 28-day bottle of medication and
reporting ≤7 days missed doses) are provided. Any difference
between sites will be determined using chi-square tests.
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Outcome 4: The Proportion of Participants who Completed
Treatment who Achieve Sustained Virologic Response 12

SVR12 is defined a priori as an undetectable hepatitis C RNA
viral load using hepatitis C RNA PCR testing on the GeneXpert
platform at least 12 weeks after therapy completion.
Intention-to-treat SVR is defined by undetectable HCV RNA
among all participants initiating treatment. Modified
intention-to-treat SVR is calculated for participants who initiated
treatment and have SVR data available (ie, the SVR test was
performed, and the results are available).

Care cascade outcomes (primary outcomes 1-4) describe the
proportion who have completed diagnosis, pretreatment
assessments, and initiation of DAA therapy; completed DAA
therapy; and achieved SVR12. These care cascade outcomes
will be descriptively compared with historical outcomes to give
context to these results in the study results paper.

Secondary Outcomes

Outcome 5: The Proportion of Participants Requiring
Specialist Review

Descriptive statistics of the number and proportion of
RNA-positive participants who require specialist review before
commencing DAA therapy will be presented in aggregate format
and by site. The reasons for specialist review and the outcome
of the review will be presented.

Outcome 6: The Feasibility of the Testing and Treatment
Pathway From the Provider Perspective

Interview data will be thematically and inductively analyzed
using the intervention complexity framework to assess the
feasibility and implementation requirements of the model of
care from the provider perspective. This will be complemented
by a document review of project documentation.

The framework includes (1) the characteristics of the
interventions (device: GeneXpert device, cartridges; DAA
prescription: DAA import, storage, and prescribing), (2)
characteristics of delivery (facility and human resource
requirements), (3) government capacity requirements
(regulations and registrations), and (4) usage characteristics:
ease of use, error rates and causes, and pre-existing demand.

Outcome 7: The Acceptability of the Testing and Treatment
Pathways Among Participants

Descriptive statistics will be reported for measures of the
acceptability of the testing and treatment pathways among
participants and preferences for testing and treatment pathways.
Categorical data will be reported using numbers and proportions
in aggregate and by site. Questions using 5-point Likert scales
will be collapsed into dichotomous variables, where appropriate
for ease of reporting. Participant interview data will be analyzed
using the theoretical framework for acceptability by Sekhon et
al [26] and using inductive thematic analysis to identify any
themes not captured by the framework analysis.

Outcome 8: Costing of the Point-of-Care Testing and
Treatment Pathways at the Community Site

An ingredients-based costing method will be used to record the
cost of consumables, staff time, and fractional costs of
infrastructure and overheads for each person treated.

Outcome 9: Time From Hepatitis C RNA Test/Diagnosis to
Treatment Initiation

The mean or median number of days and SD or IQR (depending
on normality of results) of time from hepatitis C RNA test run
date to treatment initiation will be presented in an aggregate
format and by site.

Trial Management

Reporting of Adverse Events
Adverse events are recorded in the participant adverse event
report form, which collates adverse events per participant across
the study. Serious adverse events are recorded in the serious
adverse event report form and reported immediately to the study
team, the study sponsor (FIND), the ethical review boards, and
relevant local authorities/distributor companies if necessary.

Trial Monitoring Procedures
The Burnet Institute project coordinator makes monthly site
monitoring visits and uses a site monitoring checklist covering
completion of enrollment log, informed consent forms (correct
version, signed and dated by participants and study staff), and
observation of consent procedure (monthly only). The
coordinator verifies that stock is stored correctly and sufficient
stock is available to continue the study. Sponsor-led site
monitoring visits are performed ad hoc by the FIND hepatitis
C projects trial manager to verify informed consent forms and
source data. The Myanmar Department of Medical Research
Ethics Review Committee performs ad hoc monitoring visits,
with two visits completed in the first 6 months. This study is
not a safety/efficacy trial—it uses approved interventions, so it
does not have a data safety monitoring board.

Results

Research Ethics Approval
Ethics approval was obtained from the Myanmar Department
of Medical Research Ethics Review Committee (no. 2019-144)
in December 2018 and the Alfred Hospital Human Research
Ethics Committee (no. 244/17) in July 2017. All participants
sign written informed consent forms.

Project Status
As of September 30, 2019, 634 participants were enrolled in
the study. All SVR12 data will be available by September 30,
2020, with results expected to be published by December 2020.

Discussion

Globally, international and national guidelines support the
implementation of decentralized community-based, GP-led
models of care for hepatitis C [7,17]. However, few publications
document such models of care in detail or their outcomes
regarding the completion of the diagnostic pathway and
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treatment uptake and outcomes [12-14,19]. This study allows
us to assess the implementation requirements of this clinical
pathway, its feasibility, acceptability to both patients and
providers, and its cost, along with the effectiveness of providing
decentralized testing and treatment to patients in terms of the
uptake of treatment and achievement of cure among those
diagnosed. These results will inform the scale-up of services in
Myanmar and other resource-constrained settings. In Myanmar,
this will be particularly useful in informing the scale-up of
services established to reach PWID who are not accessing the
hospital-based program.

The study design has several limitations. It includes only two
study sites in one large city, where amenities are more available
than in more remote locations. Convenience recruitment,
including a high proportion of study participants with known
anti-hepatitis C Ab-positive test results, indicates that the study

sample is not representative of case finding for hepatitis C
infection. In addition, we were unable to treat people with
HIV/hepatitis C co-infection; we aim to address this in further
research studies in this setting.

Previous studies have demonstrated that treating people with
hepatitis C infection with DAAs in community settings is
feasible and that people achieve similar SVR12 rates to those
treated in tertiary settings [12]; however, there is still little
evidence for the feasibility and effectiveness of this model of
care in low- and middle-income settings [13,14,19].
Decentralizing diagnostic testing and treatment initiation and
offering these services at a one-stop shop has the potential to
reduce time to DAA initiation, increase retention in care, and
provide curative treatment to many people unable to access
tertiary hospital services.
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CSV: comma separated value
CT2 Study: Hepatitis C: Community-based testing and treatment Study
DAAs: direct-acting antivirals
eCRF: electronic case report form
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GP: general practitioner
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HEAD-Start: Hepatitis C Elimination through Access to Diagnostics
MLF: Myanmar Liver Foundation
OpenMRS: Open Medical Records System
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REDCap: Research Electronic Data Capture
SVR12: sustained virologic response 12 weeks after treatment completion
ULN: upper limit of normal
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Abstract

Background: Shift work can be demanding owing to disturbances in the biological and social rhythms. This can cause short-term
negative effects in employees, such as increased fatigue and reduced alertness. A potential way to counteract these negative
effects is to enhance employees’ recovery from work during working hours.

Objective: The aim of this study is to develop and implement an intervention that focuses on promoting “on-job” recovery of
shift workers.

Methods: This study is performed in 2 department units with shift workers at a multinational company in the steel industry.
For each department, an intervention will be developed and implemented through an iterative process of user-centered design
and evaluation. This approach consists of various sessions in which employees and a project group (ie, researchers, line managers,
human resource managers, and occupational health experts) provide input on the intervention content and implementation.
Intervention effects will be evaluated using pretest and posttest web-based surveys. Digital ecological momentary assessment
will be performed to gain insight into the link between the intervention and daily within-person processes. The intervention
process and participants’ perception of the interventions will be assessed through a process evaluation. Intervention results will
be analyzed by performing mixed model repeated measures analyses and multilevel analyses.

Results: This study is supported by the Netherlands Organization for Applied Scientific Research Work and Health Research
Program, which is funded by the Ministry of Economic Affairs and supported by the Dutch Ministry of Social Affairs and
Employment, program number 19.204.1-3. This study was approved by the institutional review board on February 7, 2019. From
June to August 2019, baseline data were collected, and from November to December 2019, the first follow-up data were collected.
The second follow-up data collection and data analysis are planned for the first two quarters of 2020. Dissemination of the results
is planned for the last two quarters of 2020.

Conclusions: A strength of this study design is the participatory action approach to enhance the stakeholder commitments,
intervention adherence, and compliance. Moreover, since the target group will be participating in the development and
implementation of the intervention, the proposed impact will be high. In addition, the short-term as well as the long-term effects
will be evaluated. Finally, this study uses a unique combination of quantitative and qualitative evaluation methods. A limitation
of this study is that it is impossible to randomly assign participants to an intervention or control group. Furthermore, the follow-up
period (6 months) might be too short to establish health-related effects. Lastly, the results of this study might be specific to the
department, organization, or sector, which limits the generalizability of the findings. However, as workplace intervention research
for shift workers is scarce, this study might serve as a starting point for future research on shift work interventions.

(JMIR Res Protoc 2020;9(7):e17368)   doi:10.2196/17368

KEYWORDS

shift work; recovery during work; fatigue; intervention study; participatory action research; ecological momentary assessment;
mobile phone
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Introduction

Background
The expanding 24-hour economy, ongoing globalization, and
technological developments have resulted in about 19% of the
workforce working during the night and about 21% involved
in work schedules with permanent or rotating shifts [1]. In the
Netherlands, about 1.2 million employees are involved in shift
work, including night shifts, and in sectors such as the heavy
industry, the percentage of employees working in shifts is about
25% [2]. Short-term irregular working hours have been reported
to lead to fatigue, sleep loss, and an increased accident risk
[3,4]. Long-term shift work has been reported to result in severe
health issues, including gastrointestinal, reproductive, metabolic,
and cardiovascular disorders [5]. Despite these health problems,
there are hardly any evidence-based interventions that can
mitigate the negative effects of shift work [6]. A potential
starting point for interventions to reduce the negative short-term
effects of shift work is recovery from work. Recovery from
work is defined as the psychophysiological unwinding following
effort expenditure at work [7]. When refraining from work
demands, activated bodily systems can unwind and return to
baseline levels. This process of unwinding has the potential to
reduce fatigue, subsequent alertness problems, and accident
risks [8]. Research has indeed shown beneficial effects of
recovery after work (eg, evenings, weekends), such as decreased
burnout, increased performance [9], and lowered levels of blood
pressure, heart rates, and epinephrine excretion [10]. However,
little research has been performed to investigate the recovery
during working hours [11]. Recovery during work may be
particularly relevant for shift workers, as it has the potential to
directly counteract the increased levels of sleepiness, fatigue,
and the associated accident risk. Moreover, it has been shown
that good recovery practices can be learned and that differences
between individual preferences for recovery practices can be
accounted for in recovery interventions [12,13]. In short,
recovery during work seems to be a promising direction for
tailored interventions that aim to mitigate the negative effects
of shift work. In this paper, we will therefore start with a brief
discussion of recent literature on recovery research to identify
the potentially effective ingredients for recovery interventions.
Subsequently, we will describe the development,
implementation, and evaluation of a tailored workplace
intervention aimed at enhancing recovery during the work of
shift work employees.

Effective Ingredients for Recovery Interventions

Psychological Detachment
Studies have shown that a particularly powerful recovery
experience is mental disengagement from work [14,15]. This
is also referred to as psychological detachment from work or,
in everyday terms, it is called as “switching off” [16]. It implies
being occupied with things other than work and allows for
physiological and psychological restorative processes to occur.
In order to achieve this type of recovery, employees should
refrain from job-related activities for a certain amount of time.
Moreover, they should engage in activities that help them to
temporarily take work off their mind. On a more critical note,

it remains to be seen to what extent psychological detachment
from work is actually possible during the working hours because
contact with coworkers and the overall work setting cannot be
avoided and therefore, this setting would most likely not result
in full detachment [13]. Further, the single time periods for
recovery activities are short. Thus, it is important to develop an
intervention that allows for recovery activities that encourage
psychological detachment during a limited period of time. For
instance, some types of recovery activities (eg, mindfulness
practices, exposure to a natural environment) may provide some
degree of recovery rather quickly [13], while others may require
more time and organization (eg, engaging in team sports). Two
important types of recovery activities that may foster
psychological detachment from work are relaxation and
activation [13]. We have discussed both these types in the
following section.

Recovery Activities: Relaxation and Activation
Relaxation is a positively toned state of low arousal that can
benefit people in recuperating after a busy day at work [13]. In
terms of relaxation, studies on interventions for shift workers
have mainly focused on the recovery effect of napping. Napping
allows employees to both physically and mentally detach from
work for a short period of time. Richter et al [16] reported that
basic conditions such as a pleasant, clean, and undisturbed
surrounding for a healthy meal and a silent dark room for taking
a nap are essential for the prolonged well-being of shift workers.
In addition, the Health Council of the Netherlands [6] indicated
that taking a short nap during the night shift may have a positive
effect on alertness and may reduce sleepiness and fatigue.
However, the Council also concluded that there is not enough
knowledge regarding the optimal timing of such a nap. Ruggiero
and Redeker [17] found that many individual characteristics
such as age, gender, and years of experience can influence the
potential positive effects of napping. Naps of 20-40 minutes
have been reported to have the most beneficial effects, while
the effects of short naps lasting to a maximum of 10 minutes
are largely unknown [18]. Despite these potential positive
effects, many workers do not apply napping as a recovery
activity since they presume that naps take too much time and
they fear feeling worse afterwards. Moreover, they feel they are
too busy or do not have a comfortable napping space and they
feel that the management would not support them in taking a
nap during work [18]. We are not aware of articles that describe
intervention studies focusing on other types of relaxations or
work stress reduction techniques for shift workers.

Detachment from work may also be accomplished by ways
other than a reduction in activity (ie, relaxation). There is ample
evidence that an increase in social or physical activities can
contribute to unwinding from work as well [13,19,20]. For
instance, Sianoja et al [21] found that employees experienced
less fatigue and high levels of well-being at the end of a working
day on which they engaged in recovery activities such as park
walks during lunch breaks. Furthermore, social activities during
lunch breaks can be conducive to recovery [20] as long as
employees have a high sense of autonomy in selecting their
social activities during a work break [11]. In other words, a
sense of autonomy or control over the break activities during
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work seems to be one of the basic conditions for recovery to
occur [12].

Hardly any study has shown the effect of activation as a means
for recovery during shift work. Stimuli such as social
interactions, job variations, physical activities such as standing
or walking, and exposure to sound and light are thought to
increase alertness, but more research is needed to establish the
usefulness of such interventions as countermeasures to the
negative effects of irregular working hours [22]. Instead, shift
work interventions have primarily focused on optimizing the
physical capacity of the employees and, thereby, the proposed
tolerance of shift workers through off-job training programs
[23]. A study has shown that appropriately timed physical
exercise may be used to adapt to a certain shift schedule or
readapt to a daytime schedule [22]. In one experimental study,
physical exercise (2-6 training sessions per week) was found to
lead to not only increased physical performance but also
increased alertness and increased short-term memory during
the night shifts of female shift workers [24]. Although these
training sessions may be effective, this intervention may be very
difficult to implement during the actual working hours of the
employees.

Study Objectives
Studies have shown that the experience of psychological
detachment from work is an effective ingredient for an
intervention aimed at enhancing recovery during work [13-15].
This experience may be evoked through either relaxing or
activating recovery activities as long as employees have a sense
of control with regard to choosing their recovery activities.
Nevertheless, the optimal intervention for enhancing recovery
during the work of shift workers has not been elucidated in
practical settings. Therefore, the main objective of this study is
to develop, implement, and evaluate an intervention aimed at
improving recovery during work and thereby reduce the negative
short-term effects of shift work. Not only the content but also
the intervention development and implementation process can
affect the outcomes of the respective intervention [25,26]. The
evaluation will therefore focus on the effects of the intervention
as well as the process of intervention development and
implementation. The corresponding research questions of this
study are as follows:

1. What is an optimal intervention to enhance recovery during
work for shift workers in practice?

2. To what extent is this intervention effective in enhancing
recovery during work and in reducing the negative
short-term effects of shift work?

3. What are the hindering and facilitating factors for the
development and implementation of the intervention?

Methods

Ethical Approval and Consent to Participate
This study protocol and materials have been approved by the
Netherlands Organization for Applied Scientific Research’s

review board, which is an internal ethics committee that assesses
the ethical aspects of working with participants in experiments.
In addition, both the higher and lower management of the shift
work organization provided their consent for the execution of
the research plan. Employees will be extensively informed about
the study purpose and the protocols and asked to sign an
informed consent form before participation. The confidentiality
of the research data will be guaranteed and participation will
strictly happen on a voluntary basis; thus, participants can
withdraw from the study at any moment.

Quasi-Experimental Field Study
A randomized controlled trial is generally considered as the
gold standard in evaluative health-related research, as causal
inferences about the therapy under study can be drawn [27].
However, in this project, there are several practical and ethical
issues that do not allow for such a design. Most importantly, a
precondition set by the participating organization was that their
management would select 2 preexisting departmental units for
the study and that both units would receive the intervention.
However, a control group is needed to distinguish between the
change in the outcome over time due to the planned intervention
or to evaluate the changes over time due to unmeasured or
unknown factors [27]. Therefore, this study was designed as a
quasi-experimental field study with a waiting list control group
and pretest-posttest design. This means that one part of the
experimental group (ie, unit A) will receive the intervention
first, while another part of the group (ie, unit B) waits for an
additional 3 months before they can make use of the
intervention. Thus, the second unit acts as a temporary control
group.

Three types of research methods can be distinguished in this
study: (1) a longitudinal web-based survey study, (2) an
ecological momentary assessment (EMA) study, and (3) a
process evaluation. After the baseline measures (T0) of the
web-based survey study are recorded, the yet-to-be-developed
intervention aimed at recovery during work will be implemented
within the experimental group.

Figure 1 presents a flowchart of the study design and the
measurement moments. To analyze the effectiveness of the
intervention, follow-up measurements will be performed at 3
months (T1) and at 6 months (T2) after the implementation of
the intervention. This timeline seems adequate as the primary
study outcomes (recovery during work and short-term negative
effects of shift work) are expected to change over a relatively
short period of time. In addition, an EMA study will be carried
out shortly after the implementation of the intervention to
provide insight into the short-term within-person intervention
effects. Finally, a process evaluation will be performed to
determine the factors that may have either enhanced or mitigated
the effectiveness of the intervention.
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Figure 1. Study design. EMA: ecological momentary assessment; T0: baseline measurements; T1: measurements after 3 months; T2: measurements
after 6 months.

Setting and Study Population
This study is performed at the logistics department of a
multinational steel company. This department consists of 160
employees in rotating shift work who are predominantly men,
and they are divided into 2 units. These units do not share
physical workspaces and are managed separately, thereby
minimizing the chance of potential crossover effects. With
respect to the demographics and the workload, the units are
highly comparable. The typical job positions in both the units
are machine operators and logistics coordinators. Open air
working conditions are limited for both the participating units.
One of the units will be selected to serve as the waiting list
control group. This selection will be made in close consultation
with the management, considering factors such as organizational
planning, expected availability of time, and resources available
for each unit.

Inclusion Criteria
All questionnaires used during the study will be distributed
using an app. Therefore, the only inclusion criteria are that
employees have to work for one of the 2 participating units and
they need to possess their own personal smartphone to be able
to participate in the study.

Intervention Development and Implementation
The current protocol for intervention development and
implementation is based on close alignment between the
researchers and human resource (HR)/occupational health
representatives of the respective multinational steel company.
Before the start of the participatory process (phase 1: needs
assessment), the company already signaled issues with respect
to fatigue and recovery on the basis of the internal employee
surveys. However, as mentioned before, for recovery
interventions to be effective, it is essential that employees have
a sense of autonomy and control with regard to choosing their
recovery activities [11,12]. To provide this sense of control, it
seems vital to actively involve the target group in the

intervention design and implementation process. In fact, Nielsen
et al [28] argued that the effect of occupational health–promoting
interventions heavily depends on the participation of the various
organizational stakeholders. Therefore, in this study, a
bottom-up participatory action research (PAR) approach will
be used for intervention development and implementation [29].
By establishing a participatory group and making use of the
management’s and workers’knowledge, skills, and perceptions,
a feeling of joint ownership of both problems and solutions is
created [30]. Further, involving organizational stakeholders in
the process of intervention development and implementation
may enhance their general capacity to successfully address
workplace issues [29]. The participatory group will be led by
researchers with expertise in occupational health and PAR
approaches. The effectiveness of PAR approaches has been
demonstrated in various intervention studies [31,32].

The PAR approach toward intervention development and
implementation consists of various sessions for each
participating unit, in which employees and a project group (ie,
researchers, line managers, HR managers, occupational health
experts) provide input on the intervention content and
implementation. The development and implementation process
can be divided into 3 phases, which are described below.

Phase 1: Needs Assessment
In phase 1, we aim to assess the initial design specifications and
the user requirements for the intervention to meet the needs of
the target group. The basic needs and requirements of the
intervention will be determined in close consultation with the
target group. To this end, we will apply a user-centered design
approach. First, the researchers will observe the workplace of
the participating departmental units and conduct semistructured
interviews with the employees and departmental and unit
managers to gain insight into the characteristics of the target
group, their specific work activities, and their current recovery
practices. Second, the employees from the participating units
(ie, intervention groups) will be invited to participate in 2
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successive so-called user sessions that are led by the researchers.
In these sessions, evidence-based and theory-based recovery
practices (ie, psychological detachment, relaxation and
activating recovery activities) will be presented and discussed.
Specifically, employees will be asked for their recovery needs
(eg, preferred work break activities) in context to specific work
shifts (ie, morning, evening, night). In addition, they will be
asked for ideas on how to incorporate new recovery practices
into their current work and recovery routines. For reasons of
feasibility, the focus will be on their formal work breaks. These
ideas will then be rated on desirability by all employees. A
voting procedure will be used to reach consensus. Phase 1 will
result in an overview of the general intervention requirements.

Phase 2: Intervention Development
The aim of phase 2 is the development of an intervention
prototype that can be tested in practice. To ensure that the
intervention will meet the individual needs of various
employees, the prototype should include the introduction and
facilitation of a minimum of three recovery practices. These
practices may be directed at both the individual and the work
environment, depending on the outcomes of phase 1. The
development of the intervention will again take place in
consultation with the project group and the target group (ie,
employees of the departmental units A and B). An intervention
development and implementation team will be set up, consisting
of various target group representatives (ie, employees, managers,
and possibly HR advisors and works council members). We
will use an iterative design to transform a paper prototype into
a working prototype, considering the general intervention
requirements that are identified in phase 1. Phase 2 will result
in an intervention prototype and an accompanying
implementation plan.

Phase 3: Intervention Implementation
In phase 3, the implementation plan that was set up in phase 2
will be executed and rolled out over the 2 subunits according
to the schedule in Figure 1. A part of this plan will be the
organization of informal small-scale meetings at work wherein
the use of the intervention will be demonstrated and explained
by the members of the implementation team. In addition, flyers
with a brief intervention user manual will be distributed
throughout the department.

Study Procedure
All employees of the participating units will be asked to
participate in the intervention evaluation on a voluntary basis.
During small-group information sessions, employees will be
informed about the study purposes and procedures.

An information letter will show the participants how to install
a smartphone-based questionnaire app, after which they will be
asked to activate a user account by filling in a unique login
username and password. Information letters will be handed out
blindly, ensuring that user accounts are anonymous and only
used for linking the participant data of different measurement
moments (ie, T0, T1, T2, and EMA data). After logging in, the
employees will be directed to the baseline questionnaire. The
first question of the baseline questionnaire refers to the informed
consent and asks the employees if they agree to participate. If

they do not agree, the questionnaire will be ended. If they do
agree, the participant acknowledges that the information
provided was clear. No further follow-up of the nonparticipants
will be performed. In addition, during the information sessions
and in the information letter, it is indicated that participants are
free to quit the study whenever they wish to do so, without
having to provide an explanation.

Intervention Evaluation

Web-Based Survey
Intervention effects will be evaluated using pretest (T0/T1) and
posttest (T1/T2) web-based surveys (see Figure 1). Participants
will be invited to complete the surveys through the
smartphone-based questionnaire app. The primary outcome
variables used are as follows.

1. Recovery during work: Recovery during work will be
measured using 3 items, which reflect the cognitive, emotional,
and physical dimension of detachment from work [31,33]. A
sample item is as follows: “During a work break, I think of
things other than work.” Items will be scored on a 5-point
frequency scale ranging from 1 (never or very rarely) to 5 (very
often or always).

2. Need for recovery: The need for recovery will be assessed
with the “need for recovery scale” from the Dutch questionnaire
on the experience and evaluation of work (Dutch abbreviation,
VBBA) [34]. A sample item is “Often, after a day’s work, I feel
so tired that I cannot get involved in other activities.” All items
have 2 response choices: yes or no.

3. Fatigue: Fatigue levels will be measured using the 4-item
shortened version of the Checklist Individual Strength [35]. A
sample item is as follows: “I feel physically exhausted.” Items
will be scored on a 7-point scale ranging from 1 (completely
disagree) to 7 (completely agree).

The secondary outcome variables are as follows.

1. General perceived health: The general perceived health will
be measured using 1 item of the Dutch version of the short form
36-item Health Survey [36].

2. Vigor: Vigor will be assessed using 3 items of the vigor scale
of the Utrecht Work Engagement Scale [37]. A sample item is
as follows: “At my work, I am bursting with energy.” All the
items will be scored on a 7-point rating scale, ranging from 0
(never) to 6 (every day).

3. Work ability: Work ability will be measured using 3 items
of the Work Ability Index [38]. One item is used for subjective
estimation of the current work ability compared with lifetime
best work ability (11-point scale, ranging from 0 [not able to
work at all] to 10 [best work ability in lifetime]), whereas the
other 2 items assess the subjective work ability in relation to
the physical and mental demands of the work (5-point scale,
ranging from 1 [very poor] to 5 [very good]).

4. Safety and performance: Safety and performance at work
will be assessed with a self-constructed item for each type of
shift (ie, morning/evening/night). A sample item is as follows:
“Given the current working conditions, I manage to work safely
and productively every morning shift.” The items will be scored
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on a 7-point scale ranging from 1 (completely disagree) to 7
(completely agree).

The other confounding and effect-modifying parameters that
will be collected at baseline are as follows.

1. Sociodemographic variables: Information on age, gender,
work unit, job title, and household composition will be collected.

2. Morningness-eveningness preferences: Personal
morningness-eveningness preferences will be measured using
1 item based on the Morningness-Eveningness questionnaire
[39].

3. Lifestyle: Physical activity and smoking behavior will be
measured with 1 item each, based on the Study on Transitions
in Employment, Ability, and Motivation cohort study [40].

4. Sleep patterns: Sleep disturbances will be measured using
the Jenkins Sleep Questionnaire [41]. This questionnaire consists
of the following 4 items: frequency in the difficulty of falling
asleep in the previous month, difficulty sleeping continuously,
waking up several times each night, and waking up feeling tired
and worn out after the usual amount of sleep. The response
alternatives range from 1 (not at all) to 6 (22-31 days).

EMA
During the intervention period, all employees will also be asked
to participate in the EMA. EMA is a method for self-monitoring
through the collection of self-reports on indices of behavior,
cognition, or emotions in near real time in the daily lives of the
participants, often through digital devices [42-44]. The

smartphone-based questionnaire app allows us to digitally collect
daily life momentary assessments of changes in employees’
levels of fatigue and recovery behavior, in relation to momentary
context and activity. As such, it provides insight into the
short-term, within-person mechanisms linking fatigue and
recovery with short-term intervention effects. Event-contingent
data collection protocols will be used, indicating that data entry
takes place when a predefined event occurs [45,46]. The
predefined event in this study is the formal work break.
Participants will be asked to fill the data in the EMA app for a
period of 14 consecutive days (1) directly before taking a work
break, (2) directly after taking a work break, and (3) directly
after the end of their shift. Each measurement moment will take
about 1-2 minutes. In alignment with organizational
management, we chose a period of 14 days to ensure enough
day-level data points (despite rotating shift schedules and
possible dropouts) without overburdening the participants. The
use of the intervention, however, can continue after data has
been collected.

Table 1 shows the variables that will be measured. The
information provided will give insight into the effectiveness of
the different recovery strategies (eg, relaxation and activation)
and the influence of work break control, shift types, and personal
characteristics (eg, age, chronotype, job position) on recovery
outcomes. The start of the 14-day EMA period will be
communicated through (1) the app via prompts, (2) the manager
of the specific unit, and (3) through communication at the
workplace (eg, posters, newsletters).
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Table 1. Variables retrieved through EMA.

After
shift

After
break

Before
break

QuestionnaireItemsVariable

✓What shift are you working today?1Shift type

✓✓✓Karolinska Sleepiness Scale [47]: scored on a scale from 1 (extremely alert) to 10
(very sleepy, difficulty in staying awake)

1Sleepiness

✓✓✓Self-developed: “How do you currently feel?” scored on a visual analog scale (ranging
from “stressed” to “relaxed”)

1Stress

✓Self-developed: “To what extent are you in need of a work break right now?” scored
on a scale ranging from 1 (not at all) to 10 (to a great extent)

1Need for work break

✓Based on de Jonge et al [33]: scored on a scale ranging from 1 (completely disagree)
to 10 (completely agree)

3Detachment from work

✓Self-developed: “During this work break, I spent my time mainly…”.2Recovery activities

• 1 item scored with 3 answering categories: 1 (on activation activities such as
walking, exercising, playing a game); 2 (on relaxation activities such as sitting,
reading, listening to music, and power nap); and 3 ((other activities (please
specify))

• 1 item scored with 2 answering categories: 1 (alone) and 2 (with others).

✓Self-developed: “I was able to decide for myself how to spend my time during this
work break” scored on a scale ranging from 1 (completely disagree) to 10 (completely
agree)

1Control

✓Self-developed: “I am satisfied with the way I spend my time during this work break”
scored on a scale ranging from 1 (completely disagree) to 10 (completely agree)

1Work break satisfaction

✓Based on Demerouti et al [20]: “At this moment, I feel sufficiently recovered” scored
on a scale ranging from 1 (completely disagree) to 10 (completely agree)

1Level of recovery

✓Self-developed: “To what extent were you able to work productively during this shift?”
scored on a scale ranging from 1 (not at all) to 10 (a great extent)

1Productivity

✓Self-developed: “To what extent were you able to work safely during this shift?”
scored on a scale ranging from 1 (not at all) to 10 (a great extent)

1Safety

Process Evaluation
It is not only important to develop an intervention with the right
ingredients but also to design a good implementation process
[48]. Studies have shown that the intervention development and
implementation process can affect the outcomes of the respective
intervention [27,28]. For instance, activities aimed at raising
support from the employees and the management for the
intervention may enhance the effectiveness of an intervention.
However, failing to fully implement a planned intervention after
raising support may result in unfulfilled expectations and
negative employee attitudes. By evaluating the intervention
process, the outcomes of organizational interventions can be
better understood [48,49]. These insights can be used to further
improve the intervention effectiveness.

In this study, we will use Nielsen and Randall’s [50] framework
for process evaluations, which is specifically designed for the
implementation process of organization-level interventions. It
provides a broad perspective on the intervention process by not
only including the intervention design and implementation but
also the organizational context and the participant’s perceptions
of the intervention. Evaluation of these factors will enable us
to answer the questions of what works for whom under which
circumstances [48]. Data on the process factors will be collected
during and after the implementation of the intervention. A
variety of data sources will be used: (1) data logs of the
researchers and the organizational management, (2) interviews
with the management and the employees, and (3) the T1/T2
web-based employee survey. Table 2 provides an overview of
the process factors, associated questions, and data sources.
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Table 2. Overview of the process evaluation factors.

T1/T2a surveyInterviewsData logsQuestionProcess factor

Intervention design and implementation

 ✓✓Who initiated the intervention and for what pur-
pose?

Initiation

✓✓✓Did the intervention activities target the problems
of the workplace?

Developing intervention activities

✓✓✓Did the intervention reach the target group?Implementing intervention activities

Implementation strategy

 ✓✓Who were/are the drivers of change?Drivers of change and the roles of key stakehold-
ers

✓✓✓Did employees participate significantly in decision
making and how many were involved?

Employee involvement

✓✓✓What was the role of the senior/middle managers?Management support

   What was the role of the external consultants? (Not
Applicable)

External consultants

✓✓✓What kind of information was provided to the par-
ticipants during the study?

Information and communication

Context

✓✓✓How did the intervention fit in with the culture and
the conditions of the intervention group?

Omnibus context

 ✓✓Which events took place during the intervention
phase?

Discrete context

Mental models

✓✓ To what extent are/were the participants ready for
change?

Readiness for change

✓✓ To what degree do the participants have shared
mental models?

Shared mental models

✓✓ How did the participants perceive the intervention
and its activities?

Appraisal of the intervention and its activities

✓✓ Did the intervention bring about a change in the
participants’ mental models?

Changes in mental models

aT1/T2: Posttest web-based survey.

Statistical Analysis
First, intervention results will be analyzed by performing mixed
model repeated measures analyses (multivariate analysis of
variance; time*group interaction) on longitudinal survey data
with the outcome measures at follow-up (T0-T1, T1-T2, and
T0-T2 comparisons) as the dependent variables. Furthermore,
the effectiveness of the intervention will be analyzed by applying
multilevel analyses on data collected within the EMA study
(before break-after break and before break-after shift
comparisons). Data will be collected and analyzed at 3 levels:
(1) day level, (2) employee level, and (3) work unit level.
Dropouts will be documented and included in the data analysis
to the point of dropout. Potential confounders or effect modifiers
(eg, age, gender, chronotype) will be compared between the
intervention and the waiting list control group by t tests for
independent samples and chi-square tests. For all analyses, a
two-tailed significance level of P<.05 will be applied. The
multilevel analyses will be conducted using R and the mixed
model repeated measures analyses will be performed using

SPSS software (IBM Corp, Version 25.0). A detailed analysis
plan will be developed prior to finalization of the dataset.

Sample Size
The sample size calculation is based on finding an effect on the
need for recovery. This variable was chosen because of its
test-retest reliability and sensitivity to detect change, indicating
that the need for recovery may be a useful tool for evaluating
interventions related to occupational health [34]. Based on
previous studies [47,51], a small effect size is expected. Power
calculations indicate that to detect a small effect in the context
of a repeated measurements analysis of variance (Cohen f=0.15),
at least 37 subjects are necessary in each study group
(power=0.80 and α=.05), and calculations were performed using
G*power [52]. The response rates of similar PAR studies have
been shown to be around 75% or higher [31,32]. Given the
intended sample size of 150 subjects and the expected response
rate of 75%, resulting in 56 subjects per group, the study has
sufficient power to even detect slightly smaller effects [53].
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Results

This study is supported by the Netherlands Organization for
Applied Scientific Research Work and Health Research
Program, which is funded by the Ministry of Economic Affairs
and supported by the Dutch Ministry of Social Affairs and
Employment, program number 19.204.1-3. This study was
approved by the institutional review board on February 7, 2019.
From June to August 2019, baseline data were collected, and
from November to December 2019, the first follow-up data
were collected. The second follow-up data collection and data
analysis are planned for the first two quarters of 2020.
Dissemination of the results is planned for the last two quarters
of 2020.

Discussion

Principal Aspects of This Study
Shift work (ie, irregular working hours) can cause negative
short-term effects for both employees and employers, such as
increased fatigue levels, concentration problems, and
consequently, an augmented risk of accidents and productivity
loss. Unfortunately, evidence-based interventions to mitigate
the negative effects of shift work are still lacking. Previous
research studies have shown that a possible way to counteract
the negative short-term effects of shift work is by enhancing
the recovery of the employees during work. Therefore, the aim
of this study is to develop, implement, and evaluate an
intervention focused on enhancing the recovery of shift workers
during working hours.

Study Strengths
The design of this study has several strengths. First, by making
use of the PAR approach, stakeholders at all levels of the
company are involved. This bottom-up involvement of the
stakeholders will contribute to the commitment to the proposed
interventions, which will likely translate into better overall
intervention adherence and compliance. Moreover, it allows the
target group to participate in the development and
implementation of the intervention. This approach will stimulate
problem ownership and commitment at all levels of the
organization and has the potential to contribute to organizational
sustainability [29], for which the interventions are more likely
to have the proposed impact [28]. Another strength of the study
design is that the timeline for the experimental unit allows us
to compare the short-term intervention effects (T1) with the
long-term effects (T2). In addition, the intervention development
is conducted in a similar way in both the departments, but the
eventual workplace interventions can differ. As a consequence,
we can compare different solutions on similar proposed
outcomes, further contributing to both theory and
evidence-based practice [54]. In addition, to determine the
effects of the workplace intervention, we use a rather unique
data triangulation. Next to group-level outcome measurements
with a web-based questionnaire, EMA measurements are used
to gain insight into the working mechanisms of the intervention
and to determine the influence of the type of recovery strategy
chosen, the time of day, the type of shift, and intraindividual
differences. Moreover, a process evaluation will be performed

in order to gain more insight into what aspects of the
intervention work for whom and why [48]. The process
evaluation outcomes are assessed qualitatively (ie, group
interviews, observations, data logs) and quantitatively (ie,
self-reported measures in digital surveys) and whenever
possible, complemented with objective organizational data (eg,
sickness absence registration).

Study Limitations
From an occupational and epidemiological point of view, this
study can be classified as a prevention-effectiveness study
[27,55,56]. The characteristics of a prevention-effectiveness
study design are as follows: small sample size, no randomization
or blinding, and quantitative and qualitative measures. These
characteristics ensure the internal validity of the study [55].
However, this type of study, as does ours, contains some
limitations as well. First, because we do not use randomization,
allocation bias could take place. However, in this study, it is
impossible to randomly assign participants to an intervention
and control group for practical and ethical reasons. Therefore,
the waiting list control group principle was introduced.
Moreover, one could argue that owing to the preallocation of
the departments, the commitment of the management to the
study is assured (ie, they know that an actual intervention is
taking place and things have to be arranged to get this done),
which enhances the feasibility of this study. A second limitation
is the timeframe of the study. Behavioral and organizational
changes do not occur easily or quickly. Therefore, the follow-up
period (6 months) might be too soon to establish health-related
effects. It might be, for instance, that changing recovery habits
initially requires additional effort before it pays off in long-term
reduced levels of fatigue. By combining quantitative data with
qualitative data, we aim to gain further insight into this matter.
A third limitation is that the evaluation of the effectiveness of
the intervention fully relies on self-reported data. It would be
interesting, for instance, to also assess fatigue levels through
simple cognitive tests. For reasons of feasibility (ie,
extensiveness of current research activities and accompanying
time investment from the participants), we did not include such
tests in the current design, but it might be a useful addition to
the EMA method in the future studies. Another study limitation
is the lack of generalizability of the findings. These study results
may be organization-specific or sector-specific. However,
workplace intervention studies for shift workers are still very
scarce. The intervention in this study may therefore offer a
starting point for future intervention studies in other
organizations and sectors with shift work. Thereafter, aspects
of the intervention should again be tailored to the
workplace-specific context and target group through a
participatory development and implementation process, as this
has been argued to be a crucial condition for organizational
interventions to be effective. An inevitable implication of this
approach is that the effects have to be interpreted by considering
unique contextual factors. A process evaluation will be
performed to identify such contextual factors.

In summary, this study will investigate whether a workplace
intervention study can reduce fatigue and improve the recovery
of shift workers during work by using a PAR-designed
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workplace intervention at a large steel company in the Netherlands.
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Abstract

Background: Patients with pituitary tumors often live with lifelong consequences of their disease. Treatment options include
surgery, radiotherapy, and medical therapy. Symptoms associated with the tumor or its treatment affect several areas of life.
Patients need to adhere to long-term contact with both specialist and general health care providers due to the disease, complex
treatments, and associated morbidity. The first year after pituitary surgery constitutes an important time period, with medical
evaluations after surgery and decisions on hormonal substitution. The development and evaluation of extended patient support
during this time are limited.

Objective: The aim of this study is to evaluate whether support within a person-centered care practice increases wellbeing for
patients with pituitary tumors. Our main hypothesis is that the extended support will result in increased psychological wellbeing
compared with the support given within standard of care. Secondary objectives are to evaluate whether the extended support,
compared with standard care, will result in (1) better health status, (2) less fatigue, (3) higher satisfaction with care, (4) higher
self-efficacy, (5) increased person-centered content in care documentation, and (6) sustained patient safety.

Methods: Within a quasiexperimental design, patients diagnosed with a pituitary tumor planned for neurosurgery are consecutively
included in a pretest-posttest study performed at a specialist endocrine clinic. The control group receives standard of care after
surgery, and the interventional group receives structured patient support for 1 year after surgery based on person-centeredness
covering self-management support, accessibility, and continuity. A total of 90 patients are targeted for each group.

Results: Recruitment into the control group was performed between Q3 2015 and Q4 2017. Recruitment into the intervention
group started in Q4 2017 and is ongoing until Q4 2020. The study is conducted according to the Declaration of Helsinki, and the
protocol has received approval from a regional ethical review board.

Conclusions: This study entails an extensive intervention constructed in collaboration between clinicians, patients, and researchers
that acknowledges accessibility, continuity, and self-management support within person-centeredness. The study has the potential
to compare standard care to person-centered practice adapted specifically for patients with pituitary tumors and evaluated with
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a combination of patient-reported outcomes and patient-reported experience measures. Following the results, the person-centered
practice may also become a useful model to further develop and explore person-centered care for patients with other rare, lifelong
conditions.

Trial Registration: Researchweb.org. https://www.researchweb.org/is/sverige/project/161671

International Registered Report Identifier (IRRID): DERR1-10.2196/17697

(JMIR Res Protoc 2020;9(7):e17697)   doi:10.2196/17697

KEYWORDS

pituitary tumor; person-centered care; clinical pathway; intervention; quasiexperimental

Introduction

Background
Pituitary tumors occur at any age, but most often occur in
persons at the peak of their professional career [1]. The annual
incidence of pituitary tumors is approximately 4.0 per 100,000
inhabitants [1-4]. Pituitary tumors can be divided into
nonfunctioning tumors (nonfunctioning pituitary adenoma and
craniopharyngioma) and hormone-producing adenomas
(prolactinomas, Cushing’s disease, and acromegaly). Although
they are histologically benign, the tumor itself and its treatment
often lead to lifelong hormone deficiencies, obesity,
neurocognitive dysfunction, visual field defects, diabetes
insipidus, and other adverse effects due to the pituitary gland’s
vital regulatory function and its proximity to the hypothalamus
and optic chiasm [5,6]. Patients with pituitary tumors therefore
have excess morbidity and mortality [1,2,4,7-9]. The tumors
are treated with surgery and, in some cases, radiotherapy, while
endocrine-active tumors can also be managed with medical
therapy [6]. A substantial proportion of patients experience
tumor recurrence during their follow-up [10]. Recurrence is
associated with excess mortality; disease control is therefore of
vital importance for patient outcomes [11].

Pituitary tumors constitute a substantial chronic disease burden
for patients, affecting several areas of life [12,13]. Low
self-reported health is evident with symptoms such as fatigue,
memory and concentration difficulties, sleeping problems, and
sexual dysfunction [14,15]. Partners of patients have described
a lack of information regarding the disease and its treatment as
well as concerns related to changes in relational aspects, social
life, and family life [16]. Unemployment is also more common
among patients with pituitary disease, and a substantial number
of patients report having missed work or not performing to their
potential at work due to their illness [17].

The disease, its treatment, and related morbidity necessitate that
patients adhere to long-term contact with specialist and general
health care providers. There is limited knowledge on how to
support patients with pituitary tumors to better cope with their
lifelong condition. Andela and colleagues [18] evaluated
structured patient and partner group education introduced to
patients several years after their diagnosis. The 8-week program
showed increased and sustained self-efficacy 6 months after the
education program and, to some extent, improved patient mood.
However, patients did not report any significant differences in
perceived quality of life, symptoms, coping style, or illness
perception. A nurse-led, 9-month educational program
specifically designed for patients with Cushing’s syndrome
showed improvement in health outcomes such as pain, physical
activity, and aspects of quality of life [19].

Recent reforms covering health and medical care have
highlighted the importance of designing care in collaboration
with each patient through participation in decisions, providing
explicit information, and determining patients’ preferences and
abilities [20,21]. Care based on person-centeredness has been
promoted, whereby care providers inquire how patients view
their health situation and about their needs, resources, and
preferences [22,23]. Person-centeredness focuses on preserving
patient autonomy, function, and wellbeing and strives to
emphasize patient involvement through equalizing power
between health care professionals and patients with the main
goal of an enhanced health situation for each patient.

This project focuses on how a nurse-led, person-centered
practice with a state-of the-art medical team might be beneficial
for patients after surgery for pituitary tumors (Figure 1). To our
knowledge, this has not been previously studied. This study is
presented according to the SPIRIT statement for reporting study
protocols [24].
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Figure 1. Person-centered practice: integrating person-centered care and the clinical pathway.

Study Objectives
The aim of the study is to evaluate whether support within a
person-centered care practice increases wellbeing for patients
with pituitary tumors. Our main hypothesis is that the extended
support will result in increased psychological wellbeing
compared with the support given within standard of care.
Secondary objectives are to evaluate whether the extended
support, compared with standard care, will result in (1) better
health status, (2) less fatigue, (3) higher satisfaction with care,
(4) higher self-efficacy, (5) increased person-centered content
in care documentation, and (6) sustained patient safety.

Methods

Study Design
The study utilizes a quasiexperimental design with a
nonequivalent control group and a pretest-posttest study design.
The study is carried out in two sequential steps: (1) a control
group of patients receiving standard care up to 1 year after
surgery followed by (2) an interventional group where patients
receive extended support within a person-centered practice up
to 1 year after surgery.

The study is conducted according to the Declaration of Helsinki.
All participants in the study have rights to confidentiality and
provide written informed consent [25]. Approval for the protocol
has been obtained from the regional ethical review board
(approval reference 387-15). Any modifications to study
procedures have to be reported as formal amendments to the
ethical review board for approval.

Study Setting
A university clinic in western Sweden constitutes the clinical
setting for the study. An inpatient neurosurgical unit, an inpatient
endocrine unit following surgery, and an outpatient endocrine
unit collectively comprise the patients’ care pathway before and
after surgery.

Study Population
All consecutive patients diagnosed with a pituitary tumor
planned for neurosurgery at the study center will be asked to
participate in the study. Inclusion criteria are planned

neurosurgery and ≥18 years of age. Exclusion criteria comprise
health conditions that might restrict understanding of the study
or ability to adhere to the protocol (eg, cognitive impairments
or drug addiction). The power calculation for estimation of
sample size was based on two previous hormonal replacement
therapy interventions evaluating improvement in psychological
general wellbeing [26,27]. We used a range of d values due to
different study designs; based on d=0.3326 (no treatment vs
treatment in a crossover design) [27] to d=2.826 (before and
after intervention) [26], 64-100 patients are needed in each
group to obtain an 80% power with a 95% significance.
Considering the different design of the study, 90 patients are
targeted in each group, also taking into account a 10%
discontinuation rate.

Recruitment
Recruitment is coordinated by a research nurse (ACO)
experienced in the care of patients with pituitary tumors and
specifically trained in endocrine research studies. Patients who
are planned for surgery and are eligible for the study will be
contacted by phone about 1 week before surgery to receive
information regarding the study. A written description of the
study is sent to the patients after this initial contact. The same
nurse meets the patient on the day before surgery to inform
about the study again. After answering any potential questions
regarding the study, patients provide written informed consent.
In the case of acute surgery, the neurosurgeon responsible for
the patient obtains verbal and written consent before surgery.
No study activities are initiated before verbal and written
informed consent.

Patient and Public Involvement
To be able to develop a valid person-centered practice from the
patients’point of view, a group of patients with pituitary tumors
who have experienced long-term care participated in the
development of the intervention. In two workshops, discussions
were held between patients, clinicians, and researchers on
current care and specific needs stated by the patients. The
expressed preferences in care were integrated into the content
of the intervention. Specifically, these preferences included
increased accessibility, an identified contact person within care,
patient education program early after surgery, relatives included
in care, and knowledge of medical treatment, surgery, and tumor
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recurrence. When results from the study are assessable, efforts
will be made to disseminate the results in appropriate forums
for patients and their relatives. In addition, the findings of the
study will be communicated in peer-reviewed publications in
scientific journals, in PhD theses, and at scientific meetings.

Intervention
The structure and content of the intervention are built on
principles for person-centeredness. Within the intervention,
repeated patient narratives and continuously revised,
documented health care planning ensure that the care is
systematically practiced according to principles for
person-centeredness (Figure 2). Self-management support, being
an important component in the intervention, is primarily
conducted between the patient and a nurse care manager. Each
patient in the intervention is allocated a hospital-initiated nurse
care manager, who initiates the first contact with the patient at
the inpatient unit before discharge after surgery. The primary

goal of the support from the nurse care manager is to facilitate
the patient’s own resources in managing illness as well as giving
specific health education on, for example, physical activity and
diet. Patient-held documentation, the health book, frames the
content of self-management support. The health book includes
detailed information on the structured clinical care pathway,
contact information for the nurse care manager, and preparatory
questions that could be used before appointments with the health
care team. Questions to encourage reflections on good and bad
days and what constitutes or hinders good health are also
included in the health book. After each contact between the
patient and nurse care manager, a health plan, including agreed
goals, is revised. Within the health book, it is also possible for
the patient to self-assess and monitor symptoms and health in
writing or by drawing. They are also able to reflect and
self-assess issues related to work, social support, economy, and
other health factors such as physical activity, sleep, sex life,
and diet.

Figure 2. Content of the extended support within a person-centered practice until 1 year after surgery.

Other components of the intervention comprise accessibility
and continuity, which are secured by a structured clinical care
pathway (Figure 3). The patient has continuous access to the
nurse care manager by telephone and face-to-face contact
according to a structured follow-up plan for 1 year after surgery.
An interdisciplinary team as well as a patient education program
constitute distinct parts of support. The structured clinical care
pathway visualizes the care that is preplanned and defines the
roles of the different heath care providers. The patient education
program at 6-9 months after surgery comprises education for
both the patient and their relatives. It is aimed at promoting the
development of skills and knowledge needed to self-manage
health. The content includes information about surgical
treatment, symptoms, and signs as well as issues related to health
and quality of life. The patients’ knowledge of diagnosis and
surgery is increased by lectures. Discussions during the program

are targeted at including common experiences and skills needed
to manage different symptoms in daily life. The patient
education program also provides requisites for peer support in
nonclinical aspects.

To qualify as an outpatient nurse care manager, the nurse must
have experience caring for patients with pituitary tumors.
Further, it is mandatory to attend a 1-day education course
covering updated information on signs and symptoms, hormonal
treatments, neurosurgical aspects, person-centered care, health
promotion, and the role of the nurse care manager. Each nurse,
depending on their experience and needs, completes observation
in different care units such as neurosurgery or inpatient care or
with specific team members, such as dietitians and physical
therapists, included in the patient care pathway. Literature and
other materials are made available to the nurse care managers.
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Figure 3. Care contacts in the structured clinical care pathway from surgery until 1 year after surgery. The interdisciplinary team includes endocrinologists,
neurosurgeons, nurses, dietitians, and physical therapists.

Standard Care
All patients in the control group will receive standard care.
Standard care is primarily hospital-based. In short, during the
first 24 postoperative hours, the patients are monitored at a
medium care unit for neurological status as well as fluid and
electrolyte balance. Thereafter, monitoring for a further 5 days
is conducted at the inpatient department of endocrinology.
Before discharge, on postoperative day 6, evaluation of
endocrine deficiencies is performed. At an outpatient visit at
the department of endocrinology, 4-5 weeks postoperatively,
hormonal status is rechecked, and information on any
complications is collected. Thereafter, the frequency of visits
to the outpatient clinic depends on tumor types, surgical
outcome, hypopituitarism, and perceived symptoms.

Strategies to Secure the Intervention Over Time
To facilitate and secure the implementation of the intervention
over time, and specifically the nurse care manager’s role, the
nurse assigned for quality and safety improvement at the clinic
(EA) and a researcher from the research group (EJU) meet the
nurse care managers regularly to support and discuss the
different components of the intervention and its implementation
in patient care. In addition, all staff members at the inpatient
and outpatient units are informed about the study prior to
starting. Specific nurses at the postsurgical endocrinology unit

were identified and are involved in the performance of the study;
these nurses also attend the 1-day education course. Every 3
months, the nurse assigned for quality and safety improvement
at the clinic and the researcher from the research group meet
with inpatient and outpatient team members including nurses,
endocrinologists, neurosurgeons, research nurses, the head of
nurses, and the head of physicians to provide an update on the
intervention and discuss issues related to the structured clinical
care pathway and other issues of relevance.

Outcome Measures
The primary outcome measure is self-reported psychological
wellbeing. Secondary outcome measures will be self-reported
satisfaction of care, health status, fatigue, and self-efficacy.
Additional secondary outcomes include person-centered content
in documentation and patient safety.

Participant Timeline
The patient-reported outcome measures are reported by the
patients on the day before surgery and repeated at discharge
from inpatient care, approximately 1 week after surgery. Two
follow-ups are performed at 4-6 months and 11-13 months after
surgery (Figure 4). All questionnaires for self-assessment were
chosen due to their widespread use in research and good
psychometric validity in both patients and healthy populations.
Medical records are also reviewed.
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Figure 4. Schedule of enrollment, intervention and assessments for each included patient. EQ-5D-5L: Euro- Qual Five Dimensions; GSE: Generalized
Self-Efficacy Scale; MFI-20: The Multidimensional Fatigue Inventory; MIDAS: The Migraine Disability Assessments; PGWB: The Psychological
General Well-being instrument; QPP: Quality from the Patient Perspective Questionnaire; SNOT-22: Sino-nasal Outcome Test.

Data Collection

Primary Outcome
Self-perceived psychological wellbeing is assessed with the
Psychological General Well-Being scale, a 22-item questionnaire
comprising 6 dimensions: anxiety, depression, positive
wellbeing, self-control, general health, and vitality [28]. The
Swedish version of the questionnaire has been externally
validated [29]. A total score of 132 is calculated from 6-point
Likert scales for each item and represents excellent
psychological wellbeing.

Secondary Outcomes
The Euro-Qual Five Dimensions questionnaire is used to assess
self-reported health status. It includes 5 specific dimensions of

health: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression [30-32]. The questionnaire also comprises
a visual analogue scale from 0 to 100 in which the patient rates
health from the worst to the best health imagined. To further
explore effects on the patients’ perceived perception and
intensity of fatigue, the Multidimensional Fatigue Inventory-20
is used [33,34]. Within the Multidimensional Fatigue
Inventory-20, general fatigue, physical fatigue, reduced activity,
reduced motivation, and mental fatigue represent the 5
dimensions of fatigue. The Generalized Self-Efficacy scale is
used to measure how the patient perceives their possibility of
adhering to the goals being set and find solutions to unforeseen
or surprising situations and challenges [35]. As a
patient-experience measure, the Quality from the Patient's
Perspective questionnaire is used [36,37]. Patients rate their
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experience and subjective importance in aspects of care:
medical-technical competence, identity-oriented approach,
sociocultural atmosphere, and physical-technical conditions.
Documentation held by both health care professionals (eg,
medical records) and patients (eg, the health book) are reviewed
with respect to person-centered content [38]. Aspects of patient
safety are reviewed from medical records (eg, the assessment
of symptoms and vital signs) and care planning as well as
specific aspects of care following surgery and introduction of
hormonal replacement therapy.

Retention and Data Management
The research nurse is responsible to schedule follow-up visits
in the longitudinal assessment. The research nurse ensures that
the scheduled appointments are kept and that data are collected.
Reasons for missing data or discontinuation from the study are
documented. Updated information on recruitment and follow-up
are continuously discussed within the research group to identify
structural barriers for inclusion or data collection. A file for data
collection on the patients including their social security number
and assigned code number is kept in a locked safe at the clinic.
Self-reported measures are primarily collected through electronic
devices. Data are entered with the code number assigned to each
patient. Clinical data such as diagnosis, surgery, medical
treatment, radiotherapy, mortality, morbidity, care contacts, and
hospitalization are collected from the patients' medical records
and entered into data files. Researchers within the research
group are responsible for monitoring data collection.

Plan for Statistical Analysis
Statistical analysis will include descriptive analysis and
comparisons between the control and intervention groups. For
numerical data, mean, SD, median, and interquartile range will
be calculated. Categorical data will be expressed as proportions
(%). Background and clinical characteristics for the two groups
will be expressed with descriptive data, and differences will be
analyzed with the chi‐squared test, independent samples t test,
or Mann-Whitney U test. The primary outcome will primarily
be evaluated by comparing changes in psychological wellbeing
between baseline and 1 year after surgery in the two groups.
Parametric or nonparametric tests will be used depending on
whether data are normally distributed for the purpose of
comparing data between the intervention group and control
group. Effects will be described as mean differences with 95%
CIs. Data will be analyzed using SPSS software package (IBM
Inc, Armonk, NY). The significance level will be set at P<.05,
and all tests will be two-tailed. Subgroup analyses will be
performed based on demographic characteristics and disease
and treatment characteristics.

Ancillary Studies

Identification of Factors Predicting a Poor Outcome
Tumor remission is highly dependent on the type and growth
pattern of the tumor. Excess mortality is highest in patients with
craniopharyngioma and lowest in patients with nonfunctioning
pituitary adenoma [1,2]. Further, factors often associated with
excess mortality and morbidity in these patients are
hypopituitarism, female gender, young age at diagnosis, and
tumor characteristics needing additional treatment [1,2,4,7,9].

Patient characteristics, magnetic resonance imaging evaluations
of the tumor, laboratory results, and tumor tissues are studied
to explore factors that may predict long-term outcomes. The
anatomical structures surrounding the tumor (hypothalamus and
basal forebrain) are visualized on magnetic resonance imaging
using sequences for anatomical imaging (T1) as well as
sequences for detecting damage (3D T2/FLAIR). Tumor tissue
is analyzed to investigate DNA, RNA, expressed proteins, and
DNA methylation pattern. This integrated part of the project
enhances knowledge with respect to identification of persons
at risk for tumor progression.

Brain Injury Biomarkers
Resection of large pituitary tumors may lead to manipulation
of adjacent structures such as the hypothalamus and the basal
forebrain. In an effort to study possible brain damage caused
by surgery, we examine peripheral blood biomarkers of brain
injury before surgery, immediately after surgery, and during
follow-up. This allows us to study the potential relationship
between brain injury markers during surgery and long-term
outcomes.

Consequences and Complications of Surgical Treatment
Surgery for pituitary tumors is usually performed using a
transsphenoidal route, which affects sino-nasal structures and
may lead to nasal symptoms postoperatively and impaired
quality of life [39]. The aim of this part of the study is to
examine postoperative effects focusing on sino-nasal symptoms
[40]. As headache can occur both as a consequence of the tumor
itself and as a complication after surgery, a further aim is to
study the occurrence and type of headache before surgery and
during follow-up [41].

Cognitive Functioning
For an evaluation of cognitive functioning in conjunction with
surgery, cognitive functioning is assessed using the Repeatable
Battery for the Assessment of Neuropsychological Status, which
measures immediate memory, visuospatial functions, language,
attention, and delayed memory [42]. The cognitive testing is
performed by a neurorehabilitation psychologist before surgery
and 1 year after surgery. Together with self-reported quality of
life, cognitive function is an important outcome against which
intervention, tumor size, surgery, and brain injury markers can
be evaluated.

Methodological Development
An additional measure of self-efficacy, the Self-Efficacy Scale
for chronic disease [43], is used for psychometric evaluation
and compared directly with the Generalized Self-Efficacy scale
regarding responsiveness and sensitivity.

Results

Inclusion in the control group receiving standard care was
completed from Q3 2015 to Q4 2017 with the number of patients
needed to evaluate the primary outcome. Recruitment to the
group exposed to the intervention has been ongoing since Q4
2017, and the estimated timepoint for completed recruitment is
Q4 2020. Final data collection is expected in Q4 2021.
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Discussion

The primary aim of this study is to evaluate whether support
within a person-centered care practice increases psychological
wellbeing for patients with pituitary tumors. The project
addresses the effects of extended support from surgery to the
start of lifelong endocrine treatment and tumor surveillance for
patients with pituitary tumors. The year after pituitary surgery
constitutes an important time period, with medical evaluations
of surgery and decisions on hormonal substitution, all resulting
in a critical time for the patients [44].

Clinical care is currently standardized and evidence-based within
the framework of a clinical pathway and is based on the medical
needs patients have as a group. While it is important to ensure
that patients receive safe, high-quality medical care, the patients’
experiences, will, resources, and motivation often have a smaller
role in a standardized care model. In this intervention, the
clinical pathway and care based on person-centeredness will be
integrated (Figure 1). Person-centered practice may create a
better foundation for offering care at the right time with the
right effort and at the right level, since the patients’ experiences
with their own health situation and confidence in their own
ability to cope with the situation are the focus.

Recent research has shown that shared decision making can
increase physical and mental wellbeing, self-care, and
confidence in one’s own abilities [45]. Ekman and colleagues
[46] described three integrated procedures when initiating,
integrating, and securing the practice of person-centered care:
(1) the narrative that puts the person and his or her health and
life situation at the center of care, (2) shared information and
shared decision making, and (3) documentation that gives
legitimacy to the patient's experiences, preferences, beliefs, and
values [46]. After receiving care based on these procedures,
patients have reported increased satisfaction with care, increased
participation in decisions, and care in accordance with needs
[38,47]. Furthermore, there was increased confidence in one’s
own abilities and reduced uncertainty [48-50]. Person-centered
care has also resulted in reduced durations of inpatient care [51].

The core element of the intervention, a nurse care manager, has
the potential to give extended support to the patients. The role
of a nurse care manager has mainly evolved within cancer care
[52]. The role has changed over recent years from facilitating
cancer screening to including provision for education to support

informed decision making, assessing and addressing
psychosocial needs, and facilitating transitions between care
providers [52]. The role of the nurse care manager described
within our intervention is to provide self-management support
based on patient education, the patients’ own resources, access
to the interdisciplinary team, and through peer support. In
reviewing 35 studies on nurse-led self-management programs
in different long-term conditions, interventions aimed at
combining both education and skill advancement in relation to
individual needs were the most effective in increasing
self-efficacy, coping, and behavioral changes, especially when
also involving partners [53]. Educating patients about their
disease should be individualized and extended to different ways
of teaching [54]. The most effective support to increase patients’
health and quality of life by a nurse care manager is to include
education and support for self-care specifically adapted to the
patient population and provided within an interdisciplinary team
[55].

The quasiexperimental design has the potential to compare
person-centered practice to standard care. A design based on
randomization of parallel groups was considered impossible as
the intervention consists of reorganizational as well as relational
components and would thereby create potential bias in the
standard care group. Developing, implementing, and evaluating
a person-centered care practice contains several interacting
components that make it a complex intervention [56].
Evaluations of conducting person-centered care have shown
that interventional studies demanded specific adaptation to the
different clinical settings including time, workload, care culture,
and documentation systems that would otherwise constrain the
intervention unless continued education and follow-up were
performed during the intervention [57,58]. The person-centered
practice within our study demands a transformation from
disease-oriented care to care based on person-centeredness;
therefore, extensive implementation of both structural and
relational components is addressed. The study protocol has a
design in which the evaluation of the intervention is being made
within the setting where it is later supposed to work in clinical
practice adapted specifically for patients with pituitary tumors.
Following our study’s results, the person-centered practice may
also become a useful model to further develop and explore
person-centered care for patients with other rare, lifelong
conditions.
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Background: The prevalence of obesity and diabetes in Samoa, like many other Pacific Island nations, has reached epidemic
proportions. Although the etiology of these conditions can be largely attributed to the rapidly changing economic and nutritional
environment, a recently identified genetic variant, rs373863828 (CREB 3 regulatory factor, CREBRF: c.1370G>A p.[R457Q])
is associated with increased odds of obesity, but paradoxically, decreased odds of diabetes.

Objective: The overarching goal of the Soifua Manuia (Good Health) study was to precisely characterize the association of the
CREBRF variant with metabolic (body composition and glucose homeostasis) and behavioral traits (dietary intake, physical
activity, sleep, and weight control behaviors) that influence energy homeostasis in 500 adults.

Methods: A cohort of adult Samoans who participated in a genome-wide association study of adiposity in Samoa in 2010 was
followed up, based on the presence or absence of the CREBRF variant, between August 2017 and March 2019. Over a period of
7-10 days, each participant completed the main study protocol, which consisted of anthropometric measurements (weight, height,
circumferences, and skinfolds), body composition assessment (bioelectrical impedance and dual-energy x-ray absorptiometry),
point-of-care glycated hemoglobin measurement, a fasting blood draw and oral glucose tolerance test, urine collection, blood
pressure measurement, hand grip strength measurement, objective physical activity and sleep apnea monitoring, and questionnaire
measures (eg, health interview, cigarette and alcohol use, food frequency questionnaire, socioeconomic position, stress, social
support, food and water insecurity, sleep, body image, and dietary preferences). In January 2019, a subsample of the study
participants (n=118) completed a buttock fat biopsy procedure to collect subcutaneous adipose tissue samples.

Results: Enrollment of 519 participants was completed in March 2019. Data analyses are ongoing, with results expected in
2020 and 2021.

Conclusions: While the genetic variant rs373863828, in CREBRF, has the largest known effect size of any identified common
obesity gene, very little is currently understood about the mechanisms by which it confers increased odds of obesity but paradoxically
lowered odds of type 2 diabetes. The results of this study will provide insights into how the gene functions on a whole-body level,
which could provide novel targets to prevent or treat obesity, diabetes, and associated metabolic disorders. This study represents
the human arm of a comprehensive and integrated approach involving humans as well as preclinical models that will provide
novel insights into metabolic disease.

International Registered Report Identifier (IRRID): RR1-10.2196/17329

(JMIR Res Protoc 2020;9(7):e17329)   doi:10.2196/17329

KEYWORDS

cohort studies; CREBRF; type 2 diabetes; obesity; Samoa

Introduction

Background
As is now the case in many Pacific Island nations, the prevalence
of obesity and diabetes in Samoa have reached epidemic
proportions. In 2013 (the most recent estimates), 41.2% of men
and 65.1% of women could be classified as having obesity based
on Polynesian-specific body mass index (BMI) cutoff points

(>32 kg/m2) [1]. Data from the same survey indicated that type
2 diabetes mellitus was present in 19.6% of men and 19.5% of
women and projections suggest that the proportion of the
population with diabetes may exceed 26% by 2020 [1].

The underlying etiology of the rapidly increasing prevalence of
obesity and related cardiometabolic disorders in the Pacific
generally [2,3], and Samoa specifically [1], can be attributed in
large part to the rapidly changing economic and nutritional
environment. While energy availability, often in the form of
calorie-dense, nutrient-poor, imported foods has increased
rapidly in recent decades [4], opportunities for subsistence
agriculture-related physical activity have simultaneously
declined, resulting in chronic positive energy balance and
associated metabolic disease. Perhaps compounding the effect
of the changing nutritional and physical activity environment,
however, is a recently identified genetic variant, rs373863828
(CREB 3 regulatory factor, CREBRF: c.1370G>A p.[R457Q]),

which is associated with increased odds of obesity, but
paradoxically, decreased odds of diabetes [5].

The CREBRF missense variant (CREBRF), first identified in a
genome-wide association study (GWAS) we conducted in 2010
[5], is common among Samoans (minor allele frequency=0.259)
and has a larger effect on BMI than any previously identified
common genetic variant. The minor allele (A) is associated with

greater average adult BMI of 1.36 kg/m2 per copy, an effect
size approximately 3-fold greater than variation near FTO (0.39

kg/m2 per copy) [6]. Interestingly, however, the higher-BMI
allele is associated with decreased odds of type 2 diabetes and
lower fasting serum glucose levels. Several studies in New
Zealand Māori and Pacific Islanders (Tongans, Cook Islanders,
and Niueans) have recently replicated these findings [7-11],
demonstrating comparable minor allele frequencies and
reproducing the incongruent effects on BMI and type 2 diabetes.
The variant is nearly absent in non-Pacific Islanders (14 alleles
in 198,121 individuals, allele frequency=0.00004 in BRAVO
and the Genome Aggregation Database (gnomAD) combined)
[12,13].

Findings from mouse cell models indicate that the CREBRF
genetic variant plays a role in both adipogenesis and improving
cell survival under starvation conditions [5]. It appears to
function by reducing energy substrate utilization for basic
cellular processes and reallocating energy to lipid storage,
perhaps functioning as a “thrifty gene” [5]. How the gene
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functions on a whole-body level and the underlying explanation
for its paradoxical association with obesity and diabetes,
however, remains unknown.

Objectives
The overarching goal of this study was to precisely characterize
the impact of the CREBRF variant on metabolic (body
composition and glucose homeostasis) and behavioral traits
(dietary intake, physical activity, sleep, and weight control
behaviors) that influence energy homeostasis in 500 adults.
Specifically, we aimed to (1) determine if the CREBRF variant’s
paradoxical association with BMI and diabetes could be
explained by the amount (total fat mass) and distribution of
adiposity (subcutaneous relative to visceral or central versus
peripheral); (2) determine the association of the CREBRF variant
with measures of glucose homeostasis and insulin action; (3)
explore gene-environment interactions among the CREBRF
variant and dietary intake, physical activity, and other behavioral
traits; and (4) understand how the CREBRF variant influences
metabolic homeostasis and gene expression in human adipose
tissue.

Methods

Study Design
The Soifua Manuia (Good Health in Samoan) study described
here follows a cohort of adult Samoans who participated in a
GWAS of adiposity in Samoa in 2010 and who were followed
up, based on the presence or absence of the CREBRF genetic
variant, between August 2017 and March 2019. The recruitment
procedures and protocols associated with the 2010 GWAS study
have been described in detail previously [14]. This study
protocol describes the procedures used during the 2017-2019
interaction with study participants.

The study underwent initial and annual continuing ethical review
by institutional review boards (IRBs) at Yale and Brown
Universities (there was a reliance agreement between Brown
and Yale, with Yale serving as the IRB of record, IRB
#1604017547). Data analysis activities at the University of
Pittsburgh were reviewed by their IRB and were determined to
be exempt (IRB #PRO16040077) based on their receipt of only
deidentified data. The PartnersHealth Office of Research
approved protocols for sleep apnea studies, and all aspects of
the protocol were reviewed and approved by the Health Research
Committee of the Samoan Ministry of Health. All participants
provided written informed consent for their participation.

Setting
Samoa is an independent Pacific Island nation consisting of 2
large (Upolu and Savai’i) and several smaller islands. The
majority of the Samoan population is rural (81%), and 78% are
residents on the island of Upolu [15], which is divided into 3
census regions: the Apia urban area (AUA), Northwest Upolu
(NWU), and the rest of Upolu (ROU).

Classified as an upper middle-income economy by the World
Bank, Samoa’s gross national income was US $4120 per capita
in 2017 [16], and the country ranked 104 out of 188 globally
based on the Human Development Index (HDI value=0.704)

[17]. In 2017, the population of Samoa was 195,352, with an
anticipated annual growth rate of 0.9%. Life expectancy at birth
in 2016 was 78 for women and 72 for men [18].

Participants
Participants included in the 2017-2019 Soifua Manuia study
were purposively recruited to study genetic and environmental
influences on adiposity and cardiometabolic health. Specifically,
we aimed to recruit a sample of 500 participants, with equal
numbers of men and women, 100 of whom had 2 copies of the
CREBRF minor/risk allele (AA), 200 of whom had one copy
(AG), and 200 of whom had zero copies (GG). We carried out
this nonrepresentative sampling by genotype to have higher
power to detect contrasts between the genotype groups, while
recognizing what was feasible in terms of recruitment given the
overall rarity of the AA genotype in the population.

CREBRF genotypes were determined based on participants’
data from the 2010 GWAS study [5,14]. The original eligibility
criteria for the GWAS study included Samoan ethnicity (which
was determined based on participant report that they had 4
Samoan grandparents), were aged 24.5 years to less than 65
years, nonpregnant, and had no physical or cognitive impairment
that would prohibit completion of study procedures. To create
a list of potential participants to be recruited for the 2017-2019
follow-up a number of selection criteria were applied to the
2010 data (Figure 1): only participants who consented in 2010
to being recontacted for additional research studies were
included; participants must have had genotype data from the
2010 study and complete data on key outcomes of interest (BMI
and serum glucose levels) and must have been resident on the
island of Upolu (because study equipment could not be
transported to the less developed and less densely populated
island of Savai’i, where 9 of 33 of the 2010 GWAS villages
were located). Then, kinship estimates were used (GenABEL
[19]) to restrict the sample to those who were only minimally
related to one another (less than first cousins, maximum kinship
estimate 6.01%) because reducing the genetic correlation among
the sampled individuals increases the effective population size.
From this sample, individuals with the AA genotype were
prioritized for recruitment. Early on in recruitment, we attempted
to recruit 2 AG genotype and 2 GG genotype individuals for
each recruited AA genotype individual, matching on sex, age
within 5 years, and census region. Halfway through the
recruitment, this protocol was adjusted to allow for faster
recruitment, prioritizing AA and AG genotype individuals
without explicitly matching. In this system, target recruitment
lists were generated from the list of unrelated individuals and
participants were recruited until the desired sample size for each
genotype group within sex was achieved.

Recruitment occurred between August 2017 and March 2019
from 23 villages on the island of Upolu (8 urban [AUA], 7
periurban [NWU], and 8 rural [ROU]). After government and
village-level permissions were granted, Samoan research
assistants (2 out of 4 of whom had assisted with the 2010 GWAS
study) used phone calls and visits to the participants’ 2010
villages of residence to relocate participants. Village leadership
(village mayors and women’s committee members) assisted
research staff in locating participants’ homes. If a participant
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could not be located, the reason was noted (Figure 1). In the
case of participant death, a death certificate was requested from
the Samoa Bureau of Statistics to document the cause.

During visits to participants’ homes, research staff provided
detailed information about the purpose of the 2017-2019
follow-up study and its protocols, gained written informed
consent from all participants (including permission to link their
2017-2019 phenotype data with their 2010 data, which had been
shared with the database of Genotypes and Phenotypes (dbGap)
[20]), and screened the participants for eligibility. The same
eligibility criteria were applied in 2017-2019 as in 2010 [14];
pregnant women were excluded, as were those who had
developed physical or cognitive impairments preventing full
participation in study procedures. Additional exclusion criteria
included having given birth in the past 6 months or current
lactation, ongoing use of weight loss medications, weight loss
surgery, or significant recent weight loss (>5% of body weight
in the past year). Seven to nine years after their original
participation in the 2010 GWAS study, participants’ age ranged
from 30.7 years to 72.7 years. A total of 519 participants agreed
to participate in the study (Figure 1): 94 participants with the
AA CREBRF genotype, 201 with the AG genotype, and 224
with the GG genotype.

Study Procedures
Willing and eligible participants completed study activities over
the course of 7-10 days. Two in-person visits took place, one
in the participant’s home and the other 7-10 days later in the
Obesity, Lifestyle, and Genetic Adaptations (OLaGA; n. life in
Samoan) research laboratory, located in the capital city of Apia,
and research assistants contacted participants once by phone
between the in-person visits. During the home visit, research
assistants collected height, weight, hemoglobin (for assessment
of anemia), administered a number of questionnaires, and
initiated an accelerometer-based device, which participants wore
to objectively measure physical activity for at least seven days
before their visit to the OLaGA laboratory. Remaining study
procedures were completed during the laboratory visit. A
subsample of participants provided a subcutaneous buttock fat
biopsy, which was collected at a separate research visit in
January 2019. Participants were compensated for time spent
completing the protocol, receiving 75 Western Samoan Tala
(WST; approximately US $28) for their participation as well as
a 10 WST phone card to allow them to complete dietary recalls
by telephone. Table 1 provides an overview of the study
activities and their timing, and each of the procedures are
described in detail below.
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Figure 1. Consolidated Standards of Reporting Trials diagram describing recruitment into the Soifua Manuia study and completion of study procedures.

GWAS: genome-wide association study; HbA1c: glycated hemoglobin.
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Table 1. Summary of the Soifua Manuia study procedures.

Fat biopsy visit,
2019

Laboratory visit, 2017-
2019

Home visit, 2017-
2019

2010Measures

Anthropometric measures

XXXXaWeight

XXXXHeight

—X—bXCircumferences (midupper arm, abdominal, hip, and midcalf)

—X—XSkinfold thicknesses (forearm, tricep, subscapular, abdominal,
and suprailiac)

Body composition

—X—XBIAc

—X——DXAd (total body, lumbar spine, hip, and forearm)

Blood pressure and hand grip strength

—X—XBlood pressure and heart rate

—X——Hand grip strength

Biospecimen collection

——X—Hemoglobin

XX——Point-of-care HbA1c
e

—X—XPoint-of-care fasting blood glucose

—X—XSerum

—X——OGTTf

—X—XDNA

—X——RNA

—X——Urine

—XX—Objective physical activity monitoring (ActiGraph GT3X+)

—X——Sleep monitoring (WatchPAT)

—XX—24-Hour dietary recalls

Questionnaire measuresg

——XXDemographic information

X—XXHealth Interviewh

——XXWomen’s health

——XXCigarette and alcohol use

——XXPhysical activity

——XXFood frequency questionnaire

——XXMaterial lifestyle

—X——Health care choices

—X——Stress

—X——Social support and conflict

—X——Health locus of control

—X——Self-efficacy

—X——Food and water insecurity

—X——Sleep

—X——Body image
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Fat biopsy visit,
2019

Laboratory visit, 2017-
2019

Home visit, 2017-
2019

2010Measures

—X——Weight stigma and attitudes

—X——Weight control behaviors

—X——Dietary preferences

—X——Living with diabetes

—X——Bone and muscle function

X———Buttock fat biopsy

aIndicates that the measure was completed.
bIndicates that the measure was not collected at the specific visit.
cBIA: bioelectrical impedance analysis.
dDXA: dual-energy x-ray absorptiometry.
eHbA1c: glycated hemoglobin.
fOGTT: oral glucose tolerance test.
gQuestionnaire measures are described in detail in Table 2.
hAn abbreviated health history was collected for the purposes of additional eligibility screening before the buttock fat biopsy.

Body Size and Body Composition
Protocols used in 2010 for the collection of anthropometric data
were replicated during the 2017-2019 follow-up study [14].
Weight and height were measured in duplicate to the nearest
0.1 kg and 0.1 cm, respectively, using a digital weighing scale
(Tanita HD 351; Tanita Corporation of America) and a portable
stadiometer (SECA 213, Seca GmbH & Co). Circumferences
(midupper arm, abdomen [at the level of the umbilicus], hip,
and midcalf) and skinfold thicknesses (forearm, tricep,
subscapular, abdominal, and suprailiac; Lange calipers, Beta
Technology Inc) were also measured in duplicate to the nearest
0.1 mm. Measurements exceeding the maximum capacity of
the skinfold calipers (>65 mm) were recorded as doing so in
participant records. Bioelectrical impedance analysis (BIA)
measures of resistance and reactance were obtained with an RJL
BIA-101Q device (RJL Systems) in all participants without
metal implants or pacemakers, using standard procedures. These
data will be used to estimate fat mass and body fat percentage.

Whole body and regional body composition were also assessed
using dual-energy x-ray absorptiometry (DXA; Lunar iDXA,
Encore version 17, General Electric (GE) Healthcare Medicine).
Additional eligibility criteria were applied to this assessment;
participants did not undergo a DXA scan if they had been
exposed to additional x-ray or computed tomography scans in
the past 12 months (with the exception of dental x-rays). All
women of childbearing age (<55 years) were tested for
pregnancy before completing the DXA scan. Participants wore
standardized clothing, without metal inserts or buttons, for a
total body scan administered by 1 of 4 trained DXA operators
in standard or thick mode. Body composition outcomes of
interest were fat mass, lean mass, and visceral fat mass and
volume (estimated using the CoreScan application, GE
Healthcare Medicine). In cases where the participant’s body
size exceeded the limits of the scan area, participants were
placed on the scanning bed such that the first scan captured the
limbs on one side of the body and as much of the trunk region
as possible. Participants were then repositioned to scan the

remaining half of the body. Analyses in these cases will proceed
using a mirror mode, where total body composition will be
estimated from one half of the body. Among obese adults in
other settings, this technique results in nonsignificant differences
between mirrored and standard scan data [21].

DXA was also used to assess the bone mineral density and bone
mineral content of the whole body, lumbar spine, nondominant
hip, and forearm. Bone geometry at the femoral neck was
estimated using Hip Structural Software (GE Healthcare
Medicine) to calculate section modulus (bone resistance to
bending), cross-sectional area, cross-sectional moment of inertia,
and minimal neck width.

Blood Pressure and Hand Grip Strength
After a 10-min seated rest period, blood pressure and heart rate
were measured 3 times, with a 3-min rest period between
measurements, using an Omron HEM-907XL automated blood
pressure monitor (Omron Healthcare). Hand grip strength was
assessed as a functional measure of overall strength. After
adjusting the handle position of a Jamar Plus+ digital hand
dynamometer (Patterson Medical) according to participants’
optimal comfort, maximal grip strength was measured in
triplicate for both hands with 30-second rest periods between
measurements. Procedures recommended by the American
Society of Hand Therapists were followed for standardization
[22].

Biospecimen Collection
Point-of-care testing devices requiring fingerstick blood samples
were used to measure hemoglobin (for assessment of anemia;
AimStrip Hb test system, Germaine Laboratories Inc) and
glycated hemoglobin (HbA1c; DCA vantage analyzer, Siemens
Healthcare GmbH). HbA1c values were used to determine if an
oral glucose tolerance test (OGTT) could be administered safely:
if HbA1c was ≥9.0%, participants did not complete the OGTT,
and if HbA1c was ≥6.5% (indicating diabetes) but <9.0%, fasting
blood glucose (FBG) was also measured (Bayer Contour Next,
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Bayer HealthCare LLC) and only participants with FBG <200
mg/dL were allowed to complete the OGTT.

All participants completed a fasting blood draw, where Samoan
phlebotomists collected whole blood for serum separation, DNA
extraction, and RNA expression (using PaxGene (R) Blood
RNA vacutainers, PreAnalytiX GmbH). Participants who could
safely complete the 2-hour 75 g OGTT followed protocols
recommended for diabetes diagnosis by the American Diabetes
Association [23]. Additional whole blood was collected at
30-min intervals throughout the 2-hour protocol (30-, 60-, 90-,
and 120-min postglucose load). Serum from the fasting samples
and OGTT draws was separated by centrifugation and stored
at −80°C before transport on dry ice to the University of
Pittsburgh for analysis. Fasting samples are currently being
analyzed for glucose, insulin, free fatty acids, lipid levels (total-,
high density lipoprotein, low density lipoprotein, and very low
density lipoprotein cholesterol, triglycerides), adiponectin,
leptin, and markers of liver function (alanine amino transferase
and aspartate aminotransferase). Glucose, insulin, and free fatty
acids are being measured in all postglucose load samples.

Whole blood samples for DNA extraction were processed to
the cell lysate stage using red blood cell lysis, protein
precipitation, and cell lysis solutions following manufacturers
protocols (5Prime T-MArchivePure TM, Thermo Fisher
Scientific) and shipped at room temperature to the University
of Cincinnati where further extraction steps were completed.
PAXgene (R) vacutainers were chosen to collect whole blood
samples for RNA expression because of their stability during
transportation and storage. However, after the initiation of this
protocol we learned of United States’ import restrictions on the
vacutainer reagents, meaning that processing had to be
completed at the Samoan site. After storage at −80°C, samples
were thawed and incubated at room temperature for up to 24
hours. RNA was isolated using the PAXgene (R) blood miRNA
kit (PreAnalytix) according to the manufacturer’s protocol with
the following modification: step 5 of the Qiagen protocol
stipulates, “Pipet the sample into a 1.5 ml microcentrifuge tube.
Add 300 μl Buffer BM2 and 40 μl proteinase K. Mix by
vortexing for 5 s, and incubate for 10 min at 55°C in a shaker
incubator at 400-1400 rpm.” A shaker incubator was unavailable
for this step; so, after the addition of proteinase K, samples were
incubated for 5 min at 55°C, uncapped, recapped, vortexed, and
incubated for another 5 min at 55°C. Two elutions of 40 µl of
buffer BR5 produced a final volume of 80 µL RNA. Following
isolation, RNA was stored at −80°C before transfer to a
GenTegra RNA matrix. RNA was applied to the GenTegra
matrices per the manufacturer’s protocol, distributing each
sample among 2 GenTegra tubes (approximately 40 µl each),
and dried overnight in a biosafety cabinet by evaporation. Tubes
were then capped, stored, and inventoried before transport to
the University of Pittsburgh. Recovery of RNA was performed

according to the manufacturer’s instructions, using the same
volume buffer BR5 as was originally added to the matrix.

Random urine specimens were collected and stored for the study
biobank. To allow for the later examination of exposure to
environmental chemicals, samples were collected in
polypropylene containers, and participants were asked not to
touch the inside of the specimen cups or cup lids. Urine specific
gravity was measured using a handheld digital refractometer
(ATAGO, PAS-10S, ATAGO Co. Ltd) to quantify urine
dilution. Samples were aliquoted into polypropylene cryovials
and stored at −80°C before shipping on dry ice to Brown
University.

Questionnaires
Over the course of the 2 study visits and in the midparticipation
phone call, participants responded to questionnaires that
documented their individual and household demographic and
socioeconomic characteristics, current health status and health
history, physical activity, dietary intake, and sleep patterns and
symptoms. Participants also completed multiple psychosocial
measures, including body image, stress, self-efficacy, and weight
control behaviors. All questionnaire measures were chosen
based on existing literature linking the concepts measured with
obesity, diabetes, or other aspects of cardiometabolic health and
well-being. All the questionnaire measures employed are listed
in Table 2, with a brief summary of their content and references
for the original survey instruments.

All questionnaires were translated into the Samoan language
and administered in Samoan by bilingual local research
assistants. Data were collected on iPads using Research
Electronic Data Capture (REDCap) tools hosted by Yale
University [24,25]. Each questionnaire was completed once,
either at the home visit or laboratory assessment, with the
exception of the 24-hour dietary recalls, which were completed
on three occasions—twice in person (at the home and laboratory
visits) and once by phone on a randomly selected day between
the 2 in-person visits. Recall days were selected to include 2
weekdays and one weekend day, and protocols followed the
multiple-pass method recommended by the US Department of
Agriculture [26]. The timing of administration of each
questionnaire was carefully considered. First, questionnaires
that were asked in 2010 were repeated at the first contact with
participants to protect against any loss to follow-up that may
have occurred between the home and laboratory visits and
maximize the longitudinal data available for assessment (weight
and height were collected at the first contact for a similar
reason). Second, questionnaires that may have triggered
alterations in behavior during the period of measurement
between visits (such as some of the weight control behavior or
body image measures) were only asked at the laboratory visit
once monitoring of dietary intake and physical activity were
complete.
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Table 2. Soifua Manuia study questionnaire measures completed in 2017-2019.

ReferencesaDescriptionAsked in 2010Number of itemsQuestionnaire

—cBasic demographic information including age,
sex, marital status, and education

Xb6Demographic information

—Diagnosis with medical conditions (diabetes, hy-
pertension, heart disease, and high cholesterol),

X36Health interviewd

medication use, use of traditional healers, and
self-reported health and weight

Barkan et al [27]Parity, gravidity, age at menarche, menstrual reg-
ularity, contraceptive use, infertility, pregnancy
history, and menopause (age and symptoms)

X26Women’s healthd

—Use of tobacco products, alcohol consumption,
and problems with drunkenness

X15Cigarette and alcohol use

World Health Orgnaiza-
tion [28]

Global Physical Activity Questionnaire (GPAQ),
which estimates time spent in moderate-vigorous
work, transport, and leisure-related activities

X11Physical activity

—Locally validated food frequency questionnaire
measuring consumption (never or less than once

X111Food frequency questionnaire

a month to more than 6 times per day) and usual
portion size

—Household assets inventory, amenities (plumbing,
cooking, and toilet facilities), number of house-

X46Material lifestyled

hold residents, occupation of heads of household,
income, village wealth, disparities, and communi-
ty spirit

—Use of and preferences for traditional versus
western biomedical health care practitioners

—17Health care choices

Cohen et al [29]; Ware et
al [30]

Cohen Perceived Stress Scale (PSS) and Short
Form-8 quality of life measures

—18Stress

Zimet et al [31]; O'Brien
et al [32]

Multidimensional Scale of Perceived Social Sup-
port (MSPSS) and perceived social conflict

—19Social support and conflict

Wallston et al [33]Beliefs about internal versus external control over
health and well-being

—18Health locus of control

Sherer et al [34] Clark et
al [35]; Sallis et al [36]

General and social self-efficacy and exercise
confidence survey

—35Self-efficacy

Coates et al [37]; Young
et al [38]

Household Food Insecurity Access Scale (HFIAS)
and Household Water Insecurity Experiences scale
(HWISE)

—52Food and water insecurity

Bild et al [39]; Johns [40]Sleep duration, sleep quality, chronotype, shift
work, and Epworth Daytime Sleepiness Scale
(EDSS)

—23Sleep

Brewis et al[41]Satisfaction with body shape and size and body
size preferences

—20Body image

Allison et al [42]; Myers
and Rosen [43]

Attitudes toward obese persons scale, beliefs about
obese people, weight stigma, and discrimination

—66Weight stigma and attitudese

Rosenberg [44]Rosenberg self-esteem scale—19Self-esteem

Neumark-Sztainer et al
[45]

Eating habits, dietary preferences, and weight
control efforts

—53Weight control behaviors

Stunkard and Messick
[46]

Three-factor eating questionnaire (cognitive re-
straint of eating, disinhibition, and hunger)

—50Dietary preferences

Carey et al [47]; DePue
et al [48]

Diabetes symptoms and self-care behaviors, per-
ceived diabetes control, medication adherence,
and beliefs about diabetes

—86Living with diabetesf

Malmstrom et al [49]Broken bones, bone-specific supplement use, and
SARC-F screen for sarcopenia

—9Bone and muscle function
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aReferences indicate the sources of questionnaire items; questionnaires may not have been used in their entirety and may have been adapted to the
Samoan context.
bIndicates that the questionnaire was also completed in 2010.
cIndicates that the measure was not collected in 2010. In the references column, it indicates that questions cannot be attributed to a single source or were
of the authors design.
dSome questionnaire items were updated between 2010 and 2017, so not all questions were consistent across time points; health interviews were updated
with additional questions about medication adherence and locally available generic medication brands, women’s health included more detailed menstrual
regularity questions in 2010, and the material lifestyle household assets inventory was updated with newly available household commodities monitored
in the Samoa Demographic and Health Survey.
eOne section of this questionnaire (n=19 questions), concerned with experiences of overweight or obesity, was only asked of participants who self-reported
being moderately or much too heavy.
fAsked only of those participants who self-reported a diagnosis of type 2 diabetes.

Objective Physical Activity Monitoring
Actigraph GT3X+ accelerometer-based devices (ActiGraph
Corporation) were used to objectively measure physical activity
during the 7-10 day period between the home and laboratory
visits. The GT3X+ was secured to the nondominant wrist using
a disposable hospital band. The wrist placement was chosen for
several reasons: (1) for continuous monitoring that would allow
assessment of sleep patterns, (2) to better accommodate Samoan
clothing styles (as compared with waist-worn), and (3) to
prevent loss of the devices and minimize missing data associated
with participants forgetting to replace their device after
removing with clothing or bathing. The GT3X+ devices were
initialized to collect raw acceleration at 30 Hz, and participants
were asked to wear the devices continuously until the laboratory
visit. Devices were removed at the laboratory visit, where data
were downloaded and briefly reviewed for completeness. In the
event that less than 5 days of data were recorded, participants
were asked to repeat the assessment. Expected output from the
objective physical activity monitoring includes estimates of
daily energy expenditure (metabolic equivalents); daily steps;
sedentary time; and time spent in light, moderate, and vigorous
physical activity.

Sleep Apnea Detection
We provided 391 participants with a WatchPAT TM 200 Unified
(Itamar Medical Ltd.) device, consisting of a finger probe and
chest sensor to evaluate sleep apnea and sleep patterns (devices
became available several months into the recruitment period,
after which all participants completed this assessment). The
WatchPAT TM was worn on the nondominant wrist (proximal
to the GT3X+, so results could be compared) the night before
the laboratory visit. The device measured peripheral arterial
tone (PAT TM) signal, oxygen saturation, actigraphy, acoustic
decibels (snoring evaluation), and body position. The output
was downloaded to a computer, encrypted, and sent to
collaborators at Brigham and Women’s/Harvard Medical School
for interpretation. Sleep studies were reviewed within 48 hours
of receipt by expert analysts, and all participants with readings
indicative of severe sleep apnea (n=15) were referred to a local
sleep clinic in Apia.

Buttock Fat Biopsies
At the time of consent for the overall study, participants were
asked to consent separately to completing a subcutaneous
buttock fat biopsy so that the effect of the CREBRF variant on
gene expression in adipose tissue could be determined. To limit

variation by disease status, we selected a subsample of
participants to recontact and ask to participate in this additional
procedure. The participants in this subset were those without
diabetes (those without a self-reported diabetes diagnosis at the
time of participation in the main protocol and those with HbA1c

<6.5%), cancer, or cardiovascular disease. For convenience and
efficiency, we sampled participants within a 45-min drive of
the AUA. Participants were recontacted either by phone or at
their homes during a 2-week period in January 2019. Given the
genotype frequencies and diabetes prevalence in the population,
we aimed to recruit 26 nondiabetic women and 15 nondiabetic
men for each of the 3 genotypes (AA, AG, and GG). Participants
were rescreened for the overall study eligibility criteria
(pregnancy, lactation, birth within 6 months, and major weight
loss) as well as the specific biopsy criteria, including additional
point-of-care HbA1c measurement, in their homes. Willing and
eligible participants were then scheduled for the biopsy
procedure.

Biopsies were completed in a sterile environment at a local
medical facility. After the procedure, an adapted version of that
described by Beynen and Katan [50] was explained in detail by
the study clinician (A Prescott, plastic surgery resident), and
additional verbal consent to the procedure was obtained in the
Samoan language by study staff. Participants lay in a prone
position with the left gluteal soft tissue exposed. Using red light
technology, a commercial vein identification device (Illumivein,
Easy-RN LLC) was used to identify any venous plexuses in the
subcutaneous tissues. The anticipated biopsy site (with the least
amount of subcutaneous vessels) was marked with a surgical
skin marker, and an ice pack was applied for 1 min to numb the
area. The skin was prepped with single-use sterile ChloraPrep
(TM; Becton, Dickinson and Company), allowed to dry, and
topical Gebauer’s ethyl chloride spray was used to anesthetize
the anticipated biopsy site. Participants were asked to contract
their gluteal muscles, while the clinician performed a pinch test
(using single-use, latex-free, sterile gloves) on the anticipated
biopsy site. A single-use, sterile 16-gauge needle attached to a
single-use, sterile 1 cc syringe was inserted into the biopsy site
percutaneously to harvest the adipose tissue samples. Using a
handheld aspiration technique (applying gentle negative manual
pressure to the syringe or needle apparatus), 10-30 passes were
performed at a 45-degree angle, until adipose tissue was visibly
seen in the syringe. In cases where the study participant
demonstrated more than minimal discomfort (or if samples were
too sanguineous), the biopsy was terminated immediately. Once
the lipoaspirate was visible in the syringe, the needle or syringe
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was completely removed from the biopsy site and handed off
to a technician for downstream processing. When the biopsy
site was deemed adequately hemostatic, a small gauze was
applied and secured gently with adhesive tape. Study participants
were observed for up to 60 min before departing the study site.
Study participants were provided with postbiopsy care
instructions and a contact number to call if any unusual or severe
adverse effects were encountered.

Following sample collection, the syringe containing the adipose
sample was washed with 0.5-1 ml RNALater (R; Ambion Inc).
The mixture of RNALater (R) and lipoaspirate was then expelled
into a 1.5 5-ml microcentrifuge tube and incubated at 5°C
overnight before transfer to −80°C the next day per the
manufacturer’s protocol. Samples in RNALater (R) were
transported from Apia, Samoa, to the University of Pittsburgh.
Although samples in RNALater (R) are stable for up to a week
at room temperature, we shipped the samples on ice, with
refrigeration and/or refreshed ice between destinations, to
maintain a more consistent temperature as temperatures can
fluctuate dramatically across climates and altitudes. Upon arrival

in Pittsburgh, samples were stored at −80°oC until processing.
To process, frozen samples were thawed at room temperature,
and RNALater (R) was removed from the sample by straining
the RNALater (R) + lipoaspirate through a 0.22- µm nylon cell
strainer placed atop a 50- ml conical tube (such that the sample
was collected in the strainer and the RNALater was collected
in the conical tube). The strainer was weighed before and after
the sample was strained to acquire the mass of the lipoaspirate.
The tissue was then collected from the strainer into a 14-ml
round bottom tube containing 1 ml of QIAzol Lysis Reagent
(Qiagen Sciences Inc) and homogenized for 30 seconds with a
TissueRuptor (R; Qiagen Sciences Inc). Following
homogenization, total RNA was isolated from the homogenate
using RNeasy Lipid Tissue Mini Kit (R; also Qiagen) according
to the manufacturer’s protocol, including optional DNase
treatment to remove contaminating genomic DNA and optional
full speed spin to remove residual buffer RPE or flow-through.
Two elutions of 30-µl nuclease-free water were used in the final
step for a final volume of 60 µl RNA.

Participant Feedback and Referrals to Clinical Services
Participant feedback occurred in several stages. First, at the
completion of the laboratory visit, all participants received a
feedback sheet that used a traffic light (green, orange, and red)
approach to describe their risk of overweight or obesity, anemia,
hypertension, and diabetes (based on HbA1c) as well as
recommendations for further follow-up screening and behavioral
modifications based on those risks. After serum analyses were
completed, participants received individual letters with their
cholesterol, triglycerides, fasting glucose, and insulin, and
OGTT results as well as a study summary, which described key
findings from the overall study and provided village and
like-for-like comparisons to allow participants to put their
individual results in context (eg, men <40 years of age were
provided with summary data for all men in their comparable
age range). At both stages, study staff provided referrals to local
clinical services where participants met local risk criteria for
diabetes, hypertension, or anemia. Participants are able to engage

with study progress via the study’s Facebook page
(@YaleOlaga), and the private message function on the page
offered an additional way for participants to contact study staff
with questions about their participation (study staff could also
be contacted by phone or text message).

Data Management and Statistical Analysis
Descriptive analyses will first be used to characterize the
metabolic and behavioral traits of participants. Questionnaire
measures that have not previously been validated in the Samoan
setting will be examined for validity and internal consistency
before analyses proceed. Then, we will test for cross-sectional
associations of measured traits with the CREBRF variant using
methods appropriate for the categorical or continuous nature of
the outcomes, while adjusting for relevant covariates including
age, sex, and relatedness. While many of our analyses using the
newly collected data will initially be hypothesis-free, we will
continue to be informed by our parallel mouse and cell models
and test the resulting hypotheses using methods appropriate to
the questions being addressed. Longitudinal analyses, where
there are comparable measures available from the 2010 data
collection (eg, weight or BMI) will use appropriate linear-mixed
models that explicitly model the dependence between the
different time points. After quality control and data cleaning
are completed, the cleaned datasets generated during this study
will be available in the dbGaP repository under the accession
number phs000914 [20].

Results

The study was funded by the US National Institutes of Health
(R01HL093093) in March 2016. Data collection was completed
among 519 participants between July 2017 and March 2019,
and results addressing the main study hypotheses are expected
to be published in 2020 and 2021.

Discussion

Significance
Although the genetic variant rs373863828, in CREBRF, has the
largest known effect size of any identified obesity gene, very
little is currently understood about the mechanisms by which
it confers increased odds of obesity but paradoxically lowered
odds of type 2 diabetes. A small number of studies have
evaluated the CREBRF gene (not this variant specifically) in
nonhuman preclinical models. These studies have implicated
CREBRF in a variety of disparate cellular and physiological
processes, including the unfolded protein response [51],
glucocorticoid signaling and maternal behaviors [52],
reproduction [53,54], viral pathogenesis [55], angiogenesis [56],
carcinogenesis [57,58], and starvation resistance [59]. However,
this protocol is the first attempt to broadly characterize the
association of the variant with a wide variety of metabolic and
behavioral traits in humans.

Overweight, obesity, and type 2 diabetes—the complex and
chronic conditions that are the focus of this protocol—are major
health concerns that are estimated to cause 3.4 million deaths,
4% of years of life lost, and 4% of disability-adjusted life years
in high-, low-, and middle-income countries [60]. Every effort
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must be made to understand the basic biological underpinnings
of these complex, chronic conditions, so that appropriate
pathways may be targeted by behavioral and pharmacologic
intervention. Although we do not describe our additional
ongoing studies here, the activities described in this protocol
occurred alongside additional cell and mouse studies, including
characterization of the gene networks mediating the effects of
the variant on energy and metabolic homeostasis. We will also
seek to identify the role of natural selection in the emergence
of the CREBRF variant and other variants coselected with it
that may contribute to its risk.

Strengths and Limitations
Although we believe the approach we have described has the
potential to generate new understanding of the genetic basis of
obesity and diabetes risk in this population, it is not without
limitations. Although several key analyses will be able to take
advantage of longitudinal data, many of the phenotypes collected
here were measured for the first time in the cohort in 2017-2019,
meaning analyses will be cross-sectional and we will have
limited ability to infer causality. Several of our measurement
tools, particularly those used to measure behavioral traits, were
new to the Samoan setting, and despite rigorous protocols for
translation and staff training, will require testing for validity
and reliability in this population. Most significant though are
potential biases in our sampling, stemming from both our initial
sampling strategy in the 2010 GWAS study, where a
nonrepresentative convenience sampling approach was used,
and our selective follow-up of only Upolu residents (necessitated
by the near-impossibility of transporting the DXA scanner to
the most rural residents of Savai’i). Our nonrepresentational
sampling, with strong oversampling of AAs and moderate
oversampling of AGs, ensures that we have enough individuals
with the rarer genotypes to be able to contrast them against the
common GGs. However, it is important to consider the possible
effects of the initial matching on sex, age within 5 years, and
census region, followed by looser matching; this sampling
strategy, which may induce bias, reflects the realities and
complexities of fieldwork. Kuo et al [61] found that matching
in loose-matching data can be ignored for negligible loss in

testing and estimation if the distributions of matching variables
are not extremely different between cases and controls. To
examine this in our own data, we simulated 20,000 replicates
of a quantitative trait in the whole sample gathered in 2010 as
a function of each individual’s observed values for age, sex,
rs373863828 genotype (coded 0,1,2), census region, and random
normal N(0,1) noise and assumed true effect sizes; the effect
size of the genotype was set such that its mean P value was 2.7

× 10−6 in the larger 2010 sample. Then, we subset the data to
the 519 individuals who are in our current sample and examined
the percent bias in the estimates of the regression parameters
derived ignoring matching. Similar to Kuo et al’s results [61],
we find that the bias in the estimates is very small, for example,
for the genotype effect size estimate, which is of primary
interest, the bias is only −0.43%. Although more extensive
simulations are merited, it appears that our sampling strategy
does not induce strong bias in the estimates relative to their true
population-level values. The estimated power in the 519 selected
individuals to detect association of the simulated trait with
genotype, while adjusting for the other predictors, at the .01
level was 82.8%. This is in line with earlier simulations done
when we initially sought funding for this work where we found
that, based on simulated sampling from the total set of the 2010
participants, we should have 87.1% power at the 0.01 level to
detect our BMI signal and 78.4% power for hip circumference.

This study lays the groundwork for subsequent analysis to
understand how the CREBRF risk variant influences adiposity
and cardiometabolic traits. These studies, in combination with
studies to understand the CREBRF gene more generally, are
expected to be significant because they are likely to reveal
entirely new pathways upstream and downstream of CREBRF
that more broadly influence energy and metabolic traits across
multiple populations and ethnic groups and individuals. Such
knowledge could provide novel targets to prevent or treat
obesity, diabetes, and associated metabolic disorders. This study
represents the human arm of a comprehensive and integrated
approach involving humans as well as preclinical models that
will provide novel insights into metabolic disease.
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Abstract

Background: A high proportion of patients with relapsing remitting multiple sclerosis convert to secondary progressive multiple
sclerosis (SPMS) characterized by irreversibly progressing disability and cognitive decline. Siponimod (Mayzent), a selective
sphingosine-1-phosphate receptor modulator, was recently approved by the European Medicines Agency for the treatment of
adult SPMS patients with active disease, as evidenced by relapses or magnetic resonance imaging features of ongoing inflammatory
activity. Approval by the Food and Drug Administration covers a broader range of indications, comprising clinically isolated
syndrome, relapsing remitting multiple sclerosis, and active SPMS. However, treatment effects of siponimod have not been
assessed in a structured setting in clinical routine so far.

Objective: The objectives of AMASIA (impAct of Mayzent [siponimod] on secondAry progressive multiple Sclerosis patients
in a long-term non-Interventional study in GermAny), a prospective noninterventional study, are to assess the long-term effectiveness
and safety of siponimod in clinical routine and to evaluate the impact of disease burden on quality of life and socioeconomic
conditions. Here, we report the study design of AMASIA.

Methods: Treatment effects of siponimod will be evaluated in 1500 SPMS patients during a 3-year observational phase.
According to the genetic polymorphism of CYP2C9, the initial dose will be titrated to the maintenance dose of 1 mg (CYP2C9*1*3
and *2*3) or 2 mg (all other polymorphisms of CYP2C9 except *3*3, which is contraindicated) taken orally once daily. Primary
endpoint is the 6-month confirmed disability progression, as assessed by a functional composite endpoint comprising the Expanded
Disability Status Scale and symbol digit modalities test to take appropriate account of cognitive changes and increase sensitivity.
Further measures including multiple sclerosis activity data; assessments of functional domains; questionnaires addressing the
patients’, physicians’, and relatives’perspectives of disability progression; cognitive worsening; quality of life; and socioeconomic
aspects will be documented using the multiple sclerosis documentation system MSDS3D.

Results: AMASIA is being conducted between February 2020 and February 2025 in up to 250 neurological centers in Germany.
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Conclusions: AMASIA will complement the pivotal phase III–derived efficacy and safety profile of siponimod with real-world
data and will further evaluate several individual treatment aspects such as quality of life and socioeconomic conditions of patients
and caregivers. It might help to establish siponimod as a promising option for the treatment of SPMS patients in clinical routine.

International Registered Report Identifier (IRRID): DERR1-10.2196/19598

(JMIR Res Protoc 2020;9(7):e19598)   doi:10.2196/19598

KEYWORDS

secondary progressive multiple sclerosis; siponimod (Mayzent); S1P modulator; oral therapy; noninterventional study; clinical
routine; real-world evidence; disability; cognition; multiple sclerosis; drug therapy; chronic disease

Introduction

Most patients with multiple sclerosis (MS), a disabling chronic
inflammatory disease of the central nervous system (CNS),
initially experience episodes of focal neurological symptoms
interspersed by periods of remission (relapsing remitting
multiple sclerosis [RRMS]) [1]. Over time, 60% to 90% of
RRMS patients convert to secondary progressive multiple
sclerosis (SPMS) that is characterized both by an irreversibly
increasing disability, with or without new magnetic resonance
imaging (MRI) lesions or relapses [1-3], and by the worsening
of cognitive function [4]. Cognitive deficits occur more
frequently and with higher severity in SPMS patients than in
RRMS patients [4].

In individual patients, the risk and timing of the transition from
RRMS to SPMS remain largely unpredictable as there are
currently no suitable immunologic, clinical, and imaging
predictive markers [1,5]. Due to a lack of distinct diagnostic
criteria, SPMS is usually diagnosed in retrospect, particularly
because pathological parenchymal processes precede clinical
symptoms [6,7]. Delineating the clinical profile of RRMS
patients at risk of developing SPMS and identifying MRI
parameters indicative of SPMS conversion are therefore of
primary interest. For this purpose, the real-world evidence study
PANGAEA 2.0 [8] has recently been expanded by the additional
EVOLUTION study arms [9]. The long-term objective of
PANGAEA2.0 EVOLUTION is to establish more accurate and
unified diagnostic criteria for the detection of SPMS [10].

As with diagnosis, treatment options for SPMS are limited.
Disease-modifying therapies indicated for RRMS as well as
investigational RRMS treatments have failed to prevent or slow
down disability progression in progressive MS in general [11]
and, in particular, in SPMS [5,12-15]. The European Medicines
Agency (EMA) has approved only interferon β-1b specifically
for SPMS with superimposed relapses [13]. Until now, no
immunomodulatory and immunosuppressive drugs have been
available for the treatment of SPMS patients without
superimposed relapses [16,17]. Siponimod (Mayzent) was
approved by the EMA in 2020 for the treatment of adult SPMS
patients with active disease, as evidenced by relapses or MRI
features of inflammatory activity, commonly interpreted as
gadolinium (Gd)-enhancing T1 lesions or active, new, or
enlarging T2 lesions [18]. In 2019, the Food and Drug
Administration had already approved siponimod with a broader
label for the treatment of relapsing forms of MS, including
clinically isolated syndrome, relapsing-remitting disease, and
active secondary progressive disease, in adults [19].

Siponimod has been developed to selectively modulate the two
sphingosine-1-phosphate (S1P) receptor (S1PR) subtypes S1PR1
and S1PR5, which are expressed on lymphocytes (S1PR1),
astrocytes, oligodendrocytes, and neurons (S1PR1 and S1PR5)
[20]. S1P interaction with S1PR1 expressed on autoreactive
lymphocytes appears to be a major driver in early MS
pathogenesis, because this interaction is essential for the
egression of these cells from secondary lymphoid organs and
their infiltration into the CNS [21]. Compared to RRMS,
peripheral inflammatory infiltration plays a smaller role in
SPMS, as reflected by a low frequency of new Gd-enhancing
lesions. Instead, neurodegeneration driven by CNS-intrinsic
inflammation is regarded as the predominant feature leading to
progressive brain volume loss. Preclinical studies have identified
direct neuroprotective properties of siponimod mediated through
S1PR1 and S1PR5 receptors (ie, the prevention of synaptic
degeneration and promotion of CNS remyelination) [22-24]. In
this respect, siponimod represents an improvement over
fingolimod (Gilenya), an oral S1P analogue targeting all 5 S1P
receptors except S1PR2, for use in patients with highly active
or rapidly evolving, severe RRMS [25,26]. The higher
S1PR-selectivity of siponimod lowers the risk of adverse events
(AEs) [27,28], and the shorter elimination half-life [27] allows
patients more flexibility (eg, in case of planned pregnancy).

The phase III study EXPAND (EXploring the efficacy and
safety of siponimod in PAtients with secoNDary progressive
multiple sclerosis; CBAF312A2304) on the efficacy and safety
of siponimod in SPMS patients [29] showed three favorable
effects of particular importance for SPMS. First, siponimod
attenuated inflammatory activity in SPMS patients. When
compared to placebo-treated patients, more siponimod patients
were found free from both Gd-enhancing lesions and new or
enlarging T2 lesions. Second, siponimod reduced the risk of
disability progression and lowered rates of brain volume
decrease indicating that siponimod slows down
neurodegeneration. Third, analyses of participants of the
EXPAND study revealed significant and clinically meaningful
effects of siponimod on cognitive processing speed, as
demonstrated by increased scores in the symbol digit modalities
test (SDMT) [30]. Compared to placebo, siponimod increased
the proportion of patients with sustained SDMT improvement,
while the proportion with sustained SDMT deterioration was
reduced [31].

By nature, a pivotal study such as EXPAND with limited
follow-up and a narrowly defined patient population cannot
address the real-world situation of SPMS patients treated by
siponimod in clinical routine [32]. We therefore planned
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AMASIA (impAct of Mayzent [siponimod] on secondAry
progressive multiple Sclerosis patients in a long-term
non-Interventional study in GermAny), a noninterventional
study (NIS) to assess the treatment effects of siponimod on
SPMS patients in clinical routine. While EXPAND included a
representative SPMS population with advanced progression,
AMASIA focuses on the much narrower EMA label of SPMS
with active disease. In addition to long-term clinical
effectiveness and safety of siponimod in real-world situations,
AMASIA will assess the effects of siponimod on disease
progression of SPMS patients by a wide range of clinical and
functional tests and questionnaires concerning the patients’,
physicians’, and relatives’perspectives on disability progression
and its consequences, including quality of life and
socioeconomic aspects [33]. Furthermore, the study design of
AMASIA has been developed following the methodology of
PANGAEA 2.0 EVOLUTION [9] to enable a propensity
score–matched comparison of SPMS patients receiving either

siponimod or standard of care. Therefore, on the one hand,
AMASIA will assess real-world treatment effects beyond the
clinical data obtained by the phase III study EXPAND. On the
other hand, it will allow a comparison of real-world treatment
effects of siponimod and current standard of care in SPMS
patients (Figure 1). With clinical data of the pivotal trial
EXPAND as the base, AMASIA aims to analyze the benefit of
siponimod treatment for SPMS patients in clinical routine.
Results will be set in relation to the matched study PANGAEA
2.0 EVOLUTION, which analyzes patients with SPMS and
high risk for SPMS treated by standard of care [8].

In this paper, we report the study protocol of AMASIA, a
multicentric, open-label, prospective NIS. The study started in
February 2020 and is planned to continue until February 2025.
During the 3-year observational phase, data on 1500 SPMS
patients treated by siponimod in up to 250 neurological centers
in Germany will be documented.

Figure 1. AMASIA within the study framework of siponimod studies. AMASIA: impAct of Mayzent [siponimod] on secondAry progressive multiple
Sclerosis patients in a long-term non-Interventional study in GermAny; EXPAND: EXploring the efficacy and safety of siponimod in PAtients with
secoNDary progressive multiple sclerosis [29]; RRMS: relapsing remitting multiple sclerosis; SPMS: secondary progressive multiple sclerosis.

Methods

Study Design
AMASIA is a multicentric, open-label, prospective NIS on adult
SPMS patients with active disease as evidenced by relapses or
MRI features of inflammatory activity. Clinical diagnosis and
decision for siponimod therapy will exclusively be made by the
treating physician prior to enrollment and according to clinical
routine practice and drug label information [34] to ensure
real-world conditions.

Both disability progression, as assessed by an increase in
Expanded Disability Status Scale (EDSS) scores, and decline
of cognitive processing speed are important indicators of disease

burden in MS [35-37]. Therefore, in AMASIA, a novel
functional composite primary endpoint combining the 6-month
confirmed disease progression (6M-CDP) of the EDSS score
and SDMT score is utilized. This composite endpoint has been
validated in Germany [38] and will be analyzed after 36 months
of siponimod therapy to assess long-term effects of siponimod
under real-world conditions. This combined 6M-CDP has been
successfully applied for the evaluation of EXPAND patients to
increase the sensitivity for SPMS progression of both single
measures [38,39]. Confirmed disability progression on EDSS
is defined as ≥1.0-point worsening in patients with baseline
scores ≤5.0 or 0.5-point worsening in patients with baseline
scores >5.0. Concomitantly, a ≥4.0-point SDMT worsening
from baseline is considered as clinically relevant [40].
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To further evaluate the long-term benefits from siponimod
treatment in clinical routine, changes in EDSS (after 36 months)
and quality of life scores as well as data on safety and long-term
adherence (treatment discontinuation and interruption) will be
assessed as secondary endpoints. Adherence will be evaluated
on the basis of duration of siponimod intake as well as frequency
of discontinuation and dose retitration per patient-year.
Additional secondary endpoints are exploratory in nature and
concern socioeconomic aspects [41], the characteristics of
patients receiving their first dose of siponimod, the timing of
therapy initiation, and its impact on disease progression.
Furthermore, the utility of progression questionnaires (aligned
with the online tool MSProDiscuss) and mobile/digital apps for
MS monitoring will be documented [42].

Because data are obtained in clinical routine, there is no
protocol-defined visit schedule during the 3-year observational
phase. However, the most probable frequency of visits in clinical
routine is every 6 months after the first visit for dose titration.

Basically, functional tests will be performed, and questionnaires
will be collected in this interval. These regular visits will be
complemented by additional visits to obtain basic parameters
on clinical characteristics and MS disease activity every 3
months (Figure 2).

AMASIA will be conducted in accordance with the FSA code
(voluntary self-regulation for the pharmaceutical industry [43]);
joint recommendations of the German Federal Institute for Drugs
and Medical Devices and Paul-Ehrlich-Institute on planning,
conducting, and evaluating observational studies [44]; and
German Association of Research-Based Pharmaceutical
Companies recommendations on improving the quality and
transparency of NIS [45]. The guidelines for good
pharmacoepidemiology practices [46] as well as the STROBE
guidelines for the reporting of observational studies will be
applied [47]. Study procedures will be carried out in accordance
with the Declaration of Helsinki. The Ethics Committee of TU
Dresden (Technische Universität Dresden) approved AMASIA.

Figure 2. Study design of AMASIA (impAct of Mayzent [siponimod] on secondAry progressive multiple Sclerosis patients in a long-term
non-Interventional study in GermAny), a non-interventional study involving an initial dose titration (visit 1), followed by a 3-year observational phase
(visits 2-13).

Study Population

Sample Size
We intend to include 1500 SPMS patients in our study. In the
EXPAND study [29], 62.2% of siponimod-treated patients had
no disease progression, as determined by the combined 6M-CDP
assessed using EDSS and SDMT scores (placebo: 52.3%). Since
we expect comparable percentages for AMASIA, a total of 1000
patients completing the 36-month observational phase of
AMASIA will be sufficient to estimate the combined 6M-CDP
with a precision of 3.0%. With an assumed annual dropout rate

of 13%, recruitment of 1500 patients will be required to achieve
the intended sample size. Likewise, the same sample size is
sufficient to assess EDSS changes over 36 months (secondary
endpoint). The calculation is based on the assumed annual
dropout rate of 13% and assumed standard deviation of 0.6 for
EDSS changes from baseline to month 12 and month 24, as
observed in EXPAND [29].

Eligibility of Patients
Treatment initiation with siponimod as routine therapy is at the
discretion of the treating physician. The decision for siponimod
treatment according to drug label information needs to be made
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before enrollment and independently of study participation.
Participants of all genders are eligible if they are 18 years or
older, are diagnosed with SPMS, and provide written informed
consent. Patients will be excluded due to off-label therapy,
pregnancy and breastfeeding, treatment with siponimod before
enrollment, and participation in interventional trials or
PANGAEA 2.0 EVOLUTION. Patients who do not attend study
visits for more than 12 months will exit the study.

Procedures

Dose Titration
After treatment decision and for dose selection, genetic variants
of CYP2C9, a cytochrome P450 isoform involved in the
metabolism of exogenous compounds by the liver [48], need to
be determined in SPMS patients before the first dose of
siponimod [34]. These CYP2C9 variants exhibit reduced
enzymatic activity, leading to substantially elevated siponimod
plasma levels [49,50]. Patients with CYP2C9 genotypes *1*1,
*1*2, and *2*2 as well as patients with CYP2C9 genotypes
*1*3 or *2*3 undergo a 5-day titration phase. In this titration
phase, dosage is gradually increased from days 1 and 2 (0.25
mg) to day 3 (0.5 mg), day 4 (0.75 mg), and day 5 (1.25 mg).
The maintenance dose is then 2 mg (CYP2C9*1*1, *1*2, *2*2)
or 1 mg (CYP2C9*1*3, *2*3) taken orally once daily. If one
dose is missed during the first 6 days of treatment or treatment
at maintenance dose is interrupted for 4 or more consecutive
days, titration needs to be reinitiated. Siponimod is
contraindicated in patients with CYP2C9*3*3 genotype.

In patients with pre-existing cardiac conditions (ie, sinus
bradycardia, first-degree or second-degree AV block, or a
history of myocardial infarction or heart failure), a first-dose
6-hour monitoring of pulse and blood pressure is recommended,
with an electrocardiogram at the beginning and end. Additional
monitoring in case of clinically relevant cardiac symptoms as
well as appropriate clinical management will be initiated
according to the product information [34]. In AMASIA, SPMS
diagnosis according to ICD-10, demographic and clinical data
including MS-disease and non-MS-disease history, and varicella

zoster virus immune status will be obtained during the initial
dose titration phase. Varicella zoster virus vaccination of
antibody-negative patients is recommended prior to siponimod
treatment.

Observational Phase
Assessments during the 3-year observational period are depicted
in Figure 3. Data on clinical examinations and MS disease status
are obtained quarterly, if available. Data on MS disease status
include MRI findings concerning number and volume of T2
hyperintense lesions, Gd-enhancing lesions, T1 hypointense
lesions, and brain volume changes as well as EDSS and MS
activity scale scores. The latter documents time, duration,
intensity, treatment, and recovery of relapses.

Results of functional tests and questionnaires are obtained every
6 months (except for the questionnaire on the quality of life of
caregivers [51]). Functional tests comprise the SDMT [36],
timed 25-foot walk [52,53], and the nine-hole peg test [54] to
assess neurological dysfunction and disability of lower and
upper extremities. Furthermore, different questionnaires address
the patients’ [55-58], physicians’ [59,60], and relatives’
perspectives as well as socioeconomic aspects [61]. Disease
progression will be additionally judged by means of a
progression questionnaire aligned with the online tool
MSProDiscuss, which is intended to facilitate the discussion
between physicians and patients about SPMS [42,60].

Occurrence, duration, causal relationship to therapy,
counteractive measures to and outcomes of AEs, and treatment
discontinuation and interruption will be documented throughout
the study. AEs are defined as any unfavorable change in the
patients’ pretreatment condition, regardless of their potential
relation to treatment and irrespective of whether medication
was taken as intended. Serious AEs comprise lethal or
life-threatening events leading to persistent or significant
disability, congenital anomaly or birth, hospitalizations, and
other medically significant events that compromise the safety
of patients.
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Figure 3. Study visits during AMASIA (impAct of Mayzent [siponimod] on secondAry progressive multiple Sclerosis patients in a long-term
non-Interventional study in GermAny). 9Hole Peg test: nine-hole peg test; AE: adverse event; CBC: complete blood count; CGI: clinical global
impression; EDSS: Expanded Disability Status Scale; FSMC: Fatigue Scale For Motor And Cognitive Functions; MRI: magnetic resonance imaging;
MS: multiple sclerosis; MS-AS: MS activity scale; MS-HRS: Multiple Sclerosis Health Resource Utilization Survey; SAE: serious adverse event;
SDMT: symbol digit modalities test; T25-FW: timed 25-foot walk; TSQM-9: Treatment Satisfaction Questionnaire for Medication; UKNDS: United
Kingdom Neurological Disability Scale.

Propensity Score–Matched Comparison With PANGAEA
2.0 EVOLUTION
The real-world evidence study PANGAEA 2.0 [8] has been
expanded by the EVOLUTION study arms [9] to clinically
characterize SPMS patients and RRMS patients at risk for
SPMS. In EVOLUTION, patients aged 18 to 65 years and with
moderate to severe disability (EDSS 3.0-6.5) are included if

they were previously diagnosed with RRMS and have a current
diagnosis of SPMS or RRMS at risk for SPMS. Treatment
options at inclusion are current disease-modifying therapies or
no treatment during the last 12 months. Any treatment option
as well as change of treatment are permitted, thereby
representing the standard of care for SPMS prior to availability
of siponimod. By having aligned the objectives and measures
of EVOLUTION and AMASIA, it will be feasible to compare
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the demographic and clinical parameters as well as the disease
impact on functional domains, cognition, quality of life, and
socioeconomic parameters. Since patients in EVOLUTION
receive standard of care currently available to these patients,

the propensity score–matched comparison with data obtained
by AMASIA will provide further insights into the long-term
effectiveness and safety of siponimod in clinical practice (Figure
4).

Figure 4. Pairwise comparison of data obtained during AMASIA (impAct of Mayzent [siponimod] on secondAry progressive multiple Sclerosis patients
in a long-term non-Interventional study in GermAny) and PANGAEA 2.0 EVOLUTION, including study design, patient characteristics, and concordant
and additional measures of multiple sclerosis (MS) activity, disability progression, functional domains, quality of life, and socioeconomic factors.
Standard of care includes current disease-modifying therapy or no treatment at inclusion. CGI: clinical global impression; EDSS: Expanded Disability
Status Scale; FSMC: Fatigue Scale For Motor And Cognitive Functions; MRI: magnetic resonance imaging; MS-AS: MS activity scale score; MS-HRS:
Multiple Sclerosis Health Resource Utilization Survey; RRMS: relapsing remitting multiple sclerosis; SDMT: Symbol Digit Modalities Test; SPMS:
secondary progressive multiple sclerosis; UKNDS: United Kingdom Neurological Disability Scale.

Data Collection and Management Using the Multiple
Sclerosis Documentation System MSDS3D
Data will be recorded exclusively online by the physician
responsible, using the electronic case report form in the MS
documentation system MSDS3D [62,63]. The MSDS3D
software combines data documentation with patient
management. It now has expanded safety management with
regard to the characteristics of different treatments and
populations [64,65]. Data will be computerized in a
pseudonymous form, and all entries will be automatically
controlled for plausibility at the time of data entry and reviewed
daily by the database coordinator. Data management processes
including data analyses will be conducted by the data
management team of the responsible clinical research
organization (Winicker Norimed GmbH Medical Research).

Statistical Analysis
For analysis, descriptive statistics will be primarily used. The
full analysis set includes all patients receiving at least one dose
of siponimod with at least one available post-dose data
recording. Sample statistics such as median, mean (SD),
minimum, maximum, 5% percentile, 1st quartile, 3rd quartile,
95% percentile, and number of valid and missing values will

be presented in tabular form. Distributions of absolute and
relative frequencies will be reported for nominal and
ordinal-level data. Incidence rates of all safety outcomes (events
per patient-year) will be evaluated for the patient population
included. A propensity score matching adjustment, possibly
using a caliper-based nearest-neighbor approach as seen in Alsop
et al [66], will be used to compare data from AMASIA with
data from the PANGAE 2.0 EVOLUTION arm. Possible
predictive baseline and prestudy variables to be included in the
model are as follows: age at baseline (years), sex, time since
diagnosis at baseline (years), treatment at baseline, number of
relapses in the past 12 months before baseline, and EDSS score
at baseline. A multivariable logistic regression model will be
fitted with the treatment arm as the dependent variable. The
distribution of propensity scores before and after matching will
be analyzed. Using the Medical Dictionary for Regulatory
Activities, AEs are categorized according to system organ class
and preferred term for individual adverse events (for AEs,
serious AEs, adverse drug reactions, serious adverse drug
reactions). For all analyses, SAS version 9.2 will be used.
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Results

The study will last from February 2020 through February 2025,
with an observational phase of 3 years. Recruitment will end
after 2 years or after enrollment of 1500 patients, whichever
occurs first (Figure 2).

Discussion

Here, we report the study design of AMASIA, a NIS
prospectively including 1500 SPMS patients to be treated with
siponimod in the clinical routine of up to 250 German
neurological centers. This study will provide first insights on
the benefit of siponimod treatment in clinical routine. During
the 3-year observational phase, the long-term effectiveness and
safety of siponimod will be assessed under real-world
conditions, along with data on the quality of life of both patients
and caregivers as well as socioeconomic aspects. Overall, the
study aims at obtaining a detailed real-world safety and benefit
profile of siponimod, complementing both the phase-III study
data of EXPAND [29] and the NIS data of PANGAEA 2.0
EVOLUTION [9] (Figure 1).

The primary endpoint of the study is the 6-month confirmed
progression of both disability worsening and cognitive decline,
as assessed by a novel composite endpoint comprising 6M-CDP
in EDSS and SDMT [38]. In clinical trials, EDSS is the most
common outcome measure to determine disability progression
in MS and a widely used inclusion criterion to define study
populations [67]. However, EDSS alone suffers from limited
sensitivity, as it is restricted in assessing impairments of upper
extremities and cognition, especially at higher scores [68,69].
Since cognition is more severely and more frequently affected
in SPMS patients than in RRMS and even primary progressive
MS patients [70-72], the SDMT, indexing the most frequently
affected information processing speed domain, was chosen as
an additional primary outcome measure. In the assessment of
information processing speed, SDMT has been proven to be
superior to other tests such as the Paced Auditory Serial
Addition Test. Moreover, it is simple and requires less time and
assessor expertise to complete [73], and several trials have
demonstrated its sensitivity in the evaluation of treatment effects
[30,74]. Since Kappos et al [38] showed that 6M-CDP, as
assessed by either EDSS or SDMT, is of limited sensitivity
when compared to the combined 6M-CDP considering both,
we decided to employ this novel composite endpoint to increase
sensitivity for changes and therapeutic effects of siponimod.

Additional measures aim at completing the picture of
siponimod-treated SPMS patients in clinical routine (Figure 3).
The clinical disease course will be characterized by MRI, EDSS,
and MS activity scale scores. Since EDSS alone does not
comprehensively reflect the disability status of patients,
long-term effects on disability of lower and upper extremities
are determined by the timed 25-foot walk and nine-hole-peg
test, respectively. Questionnaires will capture data on symptoms
and disease progression, perceived from the perspective of
patients, physicians, and relatives. Importantly, the pairwise
comparison with data obtained by PANGAEA 2.0 EVOLUTION
[8,9] will extend the safety and efficacy profile of siponimod

in clinical routine. Comparability is ensured by sample size,
population characteristics, length of observational period, visit
interval, and test selection (Figure 4). The combination of data
obtained by both NIS will extend the efficacy and safety profile
of siponimod obtained by the pivotal phase III study EXPAND
[29]. In AMASIA, patient selection is less restricted in terms
of age and not restricted in terms of comorbidities, EDSS status
at baseline, and history of relapses before enrollment.
Furthermore, while EXPAND included a much broader SPMS
population, AMASIA concentrates completely on the siponimod
EMA-label population with active disease. Therefore, AMASIA
will better represent the real-world population of siponimod
patients with supposedly earlier stages of SPMS.

AMASIA might provide additional mechanistic information on
both the anti-inflammatory effects of siponimod (ie, fewer
Gd-enhancing lesions and new or enlarging T2 lesions) and the
prevention of neurodegeneration. Traditionally,
neurodegeneration during MS pathogenesis is considered to be
the consequence of inflammatory attacks mediated by the
infiltration of leukocytes in the CNS and the release of
inflammatory mediators. However, recent publications suggest
that inflammation and neurodegeneration might be two separate
aspects in progressive MS, with diffuse white matter injury and
cortical demyelination on a background of meningeal,
perivascular, and parenchymal inflammation [75]. Indeed,
preclinical studies indicated that siponimod prevents and
attenuates neurodegeneration [22,76] and promotes
remyelination of the CNS [23]. While the EXPAND study
indicated that patients with ongoing inflammatory activity (ie,
superimposed relapses in the 2 years before enrollment)
benefited most from siponimod treatment [29], a recent subgroup
analysis suggested that treatment effects on disability are largely
independent from that on relapses because siponimod reduced
the risk for confirmed disability progression in both relapsing
and nonrelapsing SPMS patients [77]. AMASIA might confirm
these findings with long-term data from clinical routine.

As AMASIA is an observational NIS, it might be associated
with some limitations. The lack of randomization to siponimod
treatment and the heterogeneity of patients in real-life settings
might limit robust conclusions regarding efficacy. However,
propensity score–matched comparisons of SPMS patients
receiving either siponimod (AMASIA) or standard care
(PANGAEA 2.0 EVOLUTION) are thought to assess real-world
treatment effects and, therefore, complement phase III data on
efficacy. Another limitation to be considered is the potential
incompleteness of data obtained during visits not following a
predefined visit schedule. Obviously, this risk must be assumed
to exist, but the intended systematic, standardized data
collection, along with regular monitor visits to ensure data
integrity, might be sufficient to minimize bias resulting from
incomplete data.

In summary, AMASIA will be the first longitudinal study
expanding the approval efficacy and safety profile of siponimod
with real-world data. Data collected from this study are
differentiated from the phase-III study on one hand and from
pure registry studies on the other, through the use of the
specialized MS management software tool MSDS3D. In
particular, the comparison with data obtained from patients of
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the PANGAEA 2.0 comparator arm EVOLUTION, who are
treated according to the current standard of care, will provide
even deeper insights into the long-term effectiveness and safety
of siponimod as well as its effects on the quality of life and
socioeconomic conditions of SPMS patients. After the United
States [19], Germany is the second country in which patients

have access to commercially available siponimod. Therefore,
the results of AMASIA will be particularly helpful for
physicians in other countries to expand the long-term efficiency
and safety profile of siponimod and to establish a promising
treatment option for SPMS patients.
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Abstract

Background: Motion sensitivity after vestibular disorders is associated with symptoms of nausea, dizziness, and imbalance in
busy environments. Dizziness and imbalance are reported in places such as supermarkets and shopping malls which have unstable
visual backgrounds; however, the mechanism of motion sensitivity is poorly understood.

Objective: The main aim of this exploratory observational study is to investigate visual fixations and postural sway in response
to increasingly complex visual environments in healthy adults and adults with motion sensitivity.

Methods: A total of 20 healthy adults and 20 adults with motion sensitivity will be recruited for this study. Visual fixations,
postural sway, and body kinematics will be measured with a mobile eye tracker device, force plate, and 3D motion capture system,
respectively. Participants will be exposed to experimental tasks requiring visual fixation on letters, projected on a range of
backgrounds on a large screen during quiet stance. Descriptive statistics (mean and standard deviation) will be calculated for
each of the variables. One-way independent-measures analyses of variance will be performed to investigate the differences
between groups for all variables.

Results: Data collection was started in May 2019 and was completed by February 2020. It was approved by Health and Disability
Ethics Committees, Ministry of Health, New Zealand on November 2, 2018 (Ethics ref: 18/CEN/193). We are currently processing
the data and will begin data analysis in July 2020. We expect the results to be available for publication by the end of 2020. The
trial was funded by the Neurology Special Interest Group, Physiotherapy New Zealand, and the Eisdell Moore Centre in November
2018.

Conclusions: This study will provide a detailed investigation of visual fixations in response to increasingly complex visual
environments. Investigating characteristics of visual fixations in healthy adults and those with motion sensitivity will provide
insight into this disabling condition and may inform the development of new intervention strategies which explicitly cater to the
needs of this population.

Trial Registration: Australian New Zealand Clinical Trials Registry, ACTRN12619000254190; https://tinyurl.com/yxbn7nks

International Registered Report Identifier (IRRID): PRR1-10.2196/16805

(JMIR Res Protoc 2020;9(7):e16805)   doi:10.2196/16805
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Introduction

Motion sensitivity is characterized by nausea, dizziness, and
imbalance in response to motion of the visual environment [1].
It can develop as a sequela of a vestibular disorder and is one
of the diagnostic criteria for persistent postural perceptual
dizziness [1-3]. The symptoms are due to a misinterpretation
of, or overreliance on, visual cues for orientation in space
[1,3-6]. Dizziness and imbalance are triggered in busy
surroundings with visual motion or complex repetitive patterns.
Consequently, people with motion sensitivity tend to avoid
crowded or busy environments such as supermarkets or driving
on motorways [7]. This frequently leads to an interruption of
daily activities, sick leave from work, and in extreme cases a

reluctance to leaving the house [8,9]. Motion sensitivity may
affect people following an acute vestibular insult or people with
chronic recurrent dizziness [10].

Information from the visual system has a role in differentiating
self-motion from external motion [11]. This differentiation is
dependent on perceiving whether motion on the retina is due to
an object moving relative to the person or the person moving
relative to the object [12,13]. This distinction between
self-motion and external motion is achieved by a mechanism
that compares the retinal signal and the reference signal. The
reference signal comprises information from vision, vestibular
afferents, proprioceptive feedback from the extraocular muscles,
somatosensory kinaesthetic proprioception, and cognition [14]
(Figure 1).

Figure 1. The sources of information to allow differentiation of self-motion and object motion components. The various sources are shown as giving
information with respect to different reference frames.

A crucial aspect of the stabilization of posture is dependent on
the visual input received from the environment. An essential
component of visual input is optic flow [15,16]. Optic flow
helps perception of spatiotemporal information from the
environment which is then used to move around and maintain
orientation in space [12,17]. Optic flow generates retinal slip,
defined as motion of the visual image of the environment on
the surface of the retina [18]. This information is used to adjust
the amount of postural sway. The main aim of visually induced
postural movements is to reduce the overall amplitude of the
optic flow field by minimizing retinal slip [19-21].

Because optic flow plays a vital role in postural correction,
perceiving inaccurate information can be destabilizing. Optic
flow that is a part of the background motion behind a target is
not normally used as a visual input for postural control as it can
stimulate an optokinetic response (which evokes a combination
of a slow-phase and fast-phase eye movements where the eyes
momentarily follow the moving object and then rapidly reset
back to the initial position) [22]. This response can induce a
standing subject to move in response to the direction of the
motion and can be destabilizing [22]. In normal circumstances,
this optokinetic response to background motion is suppressed
by visually fixating on a target [23].

Visual fixations contribute to 80% of the total visual experience
[24], and help to reduce optic flow, minimize retinal slip, and
suppress the optokinetic response [23]. When fixating on a
stationary target, there is almost no retinal slip, and the
vestibulo-ocular reflex keeps the gaze on target during head
movements [21]. By contrast, maintaining fixation on a moving

object requires suppression of the vestibulo-ocular reflex for
the eyes and the head to move in the same direction [21,25,26].

Fixations contribute to a person’s sense of spatial orientation.
Fixations suppress visual field motion perception by maximizing
the peripheral vision and rendering a stable image to enhance
the visual signals of self-motion [27]. Sensations of small body
movements then facilitate the execution of compensatory
postural reactions [28].

Fixational instability may predispose a person to develop motion
sensitivity [29-31]. Studies have shown that people with motion
sensitivity after vestibular disorders exhibit fixational instability
and have increased perceptual and postural responses to complex
visual surroundings [31-34]. Several studies have investigated
the relationship between fixational instability and the strength
of illusionary motion [29-31]. Fixational instability can be
detected by frequency of refixations and saccades [32,34].
Studies have reported that a person with fixational instability
would have a high frequency of saccades and refixations while
attempting fixation [32,34].

Any difficulty in differentiating self-motion from external
motion will require adjustments to determine the correct
orientation in space. A peripheral or central vestibular disorder
disrupts the normal visual–vestibular interaction [35], which
can alter the perception of motion. It can lead to illusionary
motion perception, thereby degrading postural stability. Adults
with motion sensitivity report worsening of symptoms and
reduced postural control in visually stimulating environments
which may be explained by fixation instability. However, to
date, visual fixations have not been well investigated in people
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with motion sensitivity. Previous studies have used video
oculography or electrooculogram and optokinetic stimulation
rotating around the naso-occipital center to study eye movements
in adults with motion sensitivity [32-34]. This study aims to
investigate the characteristics of fixations in people with motion
sensitivity and how they differ from those of healthy adults by
using a mobile eye tracker device in a more naturalistic yet
controlled laboratory setting.

This research will investigate visual fixations, postural sway,
and kinematics of adults with motion sensitivity, compared with
healthy adults, in complex visual environments. Center of
pressure (COP) measurement will be used to evaluate postural
sway. COP parameters have been used widely to describe
stability and quantify alterations in postural control [36,37].
The exploratory nature of this study will also allow the
investigation of mean saccadic velocity and saccadic peak
amplitude between groups. Several studies have identified
anomalies in mean saccadic velocities in a range of health
conditions [38,39].

This study is the first step toward recognizing the components
that may be essential in a rehabilitation programme addressing
the challenging clinical issue of motion sensitivity and may
guide the development of rehabilitation programs for adults
with motion sensitivity.

Methods

Aim
To conduct an observational study with 40 adults (20 in each
group; healthy adults and adults with motion sensitivity). The
study will determine whether complex visual environments are
associated with fixational instability, altered COP displacement,
and altered center of mass (COM) displacements of the head
and body in adults with motion sensitivity compared with
healthy adults.

Hypothesis
Complex visual environments in people with motion sensitivity
compared with healthy adults will be associated with (1)
increased number of visual refixations, (2) increased
displacement of COP, and (3) differences in the body COM
displacement and differences in the head COM displacement.

Trial Design, Setting, and Participants
This is a cross-sectional exploratory single-session experimental
study that will be laboratory based in Auckland University of

Technology. A total of 40 adults will participate in the study
(20 healthy adults and 20 adults with motion sensitivity after
vestibular disorder). Healthy adults aged between 18 and 60
who are independently mobile and have no history of
neurological conditions will be recruited through
neurorehabilitation research team networks and community
advertisements. Adults with motion sensitivity will be recruited
through a specialized vestibular disorders clinic. They will be
included if they have had a history of vestibular disorder
(confirmed by a clinician in the vestibular disorder clinic) but
have no current signs of acute vestibular deficits, are aged
between 18 and 60 [40,41], have a history of motion sensitivity
symptoms as reported by the Visual Vertigo Analogue Scale
(score >5) [42-44], and score >40 on the Dizziness Handicap
Inventory [44]. People with a history of previous eye surgery,
or a medical condition that may influence eye movements such
as sarcoidosis, Lyme disease, diabetes mellitus, traumatic brain
injury, and migraine will be excluded from the study.

Recruitment
Potential participants will be provided with a Participant
Information Sheet and be requested to contact the corresponding
author by email or telephone. All potential participants will be
made aware that participating in this study will not influence
their current health care.

Screening
Potential participants will be screened against the study’s
inclusion and exclusion criteria via telephone or through a
face-to-face meeting with the researcher (SC). Eligible potential
participants will be asked to provide written informed consent.

Experimental Setup
The experimental setup consists of a projector screen (Brateck
Lumi), a mobile eye tracker device (SensoMotoric Instruments),
a force plate (Advanced Mechanical Technology Inc.), and a
3D motion capture system (Qualisys Motion Analysis Capture
System; Qualisys Medical AB). Visual fixations will be recorded
using a mobile eye tracker (SMI BeGaze; SensoMotoric
Instruments). A 3D motion capture system and a force plate
will be used to record kinematics and postural sway,
respectively. The projector screen (135 in., 16:9 aspect ratio)
will be mounted at 3.5-m distance from the force plate for
projecting the visual environments (Figure 2).
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Figure 2. The experimental setup.

Sensor Motoric Instruments Eye Tracking Glasses (SMI
ETG)
The SMI Eye Tracking Glasses (SMI ETG) are a mobile
eye-tracking device with a binocular sampling rate of 120 Hz
(Figure 3). SMI uses infrared light of wavelength around
789-880 nm to increase the contrast between the pupil and iris
which is easily detected by the camera. SMI is a video-based
eye tracker based on the concept of pupil center corneal
reflection. The scene camera has a resolution of 1280 × 960
pixels @ 24FPS, 960 × 720 pixels @ 30 FPS with a 60°
horizontal and 46° vertical field of view. The gaze position
accuracy is 0.5° for all distances and the gaze tracking range is
80° horizontal and 60° vertical.

The SMI software uses a frame-by-frame analysis of the gaze
data. These data involve defining the location and type of gaze

behavior for each frame of data collected. Frame numbers are
used to determine the duration of the eye movement. SMI uses
an in-built detector for identifying saccades, fixations, and
blinks. According to the detector, a blink is identified by points
where eye data are not present, a saccade represents a quick
change in gaze location, and a fixation is bordered by 2 saccades.

Data collected by the eye-tracking glasses identify the primary
event as fixation and therefore a dispersion-based algorithm is
used. The algorithm identifies fixations as groups of successive
points within a dispersion, or maximum separation. A blink is
determined based on the whole trial data where the pupil
diameter is either zero, or the horizontal and vertical gaze
positions are zero, or they lie outside a calculated valid pupil
range. Once fixations and blinks are identified, a saccadic event
is created between the detected blinks and fixations.

Figure 3. SMI Eye Tracking Glasses with 3D reflective markers.

Qualisys System
Qualisys is a motion capture system used to track movement.
Small retro-reflective markers reflecting infrared light are
attached to the participant’s skin. Frame-by-frame analysis is
used to track each marker from one frame to the next. Each
marker data and their 3D position trajectory can be used to
calculate joint and movement trajectories. The force plates and
SMI eye tracker are integrated and time synced in the Qualisys
system. The SMI program is installed on the Qualisys system.
The data from the SMI system are synchronized to Qualisys via
a start command, so as to capture its data together with all the
other data in the Qualisys system. The force plates are connected

to the Qualisys computer via an analog board to capture analog
signals from the force plate with the motion capture data. The
data from the force plates are synchronized with the motion
capture data via a synchronization signal between the Qualisys
camera system and the analog board. The sync signal from the
camera system is connected to an external trigger input on the
analog board to start the capture of analog data using hardware
synchronization.

Kinematics will be measured using an infrared motion analysis
capture system, consisting of 9 Oqus 3D Motion analysis capture
units. A set of 27 reflective markers will be placed on the
participant. Markers will be attached using a double-sided tape
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directly onto the skin. Pelvis markers will be placed in
accordance with the modified Helen Hayes model as a set of 3:
1 marker on each anterior superior iliac spine and 1 on sacrum
(midpoint). For the thigh segment, markers will be placed on
midthigh, medial femur epicondyle, and femur lateral epicondyle
for each extremity. The shank segment includes markers on
midshank, medial malleolus, and lateral malleolus. The foot
segment will be created using a set of markers on the head of
the fifth metatarsus, head of the first metatarsus, and posterior
surface of the calcaneus. Further, markers will be placed on the
right and left acromion process, sternoclavicular notch, and C7
vertebra to create the thorax segment. To create the head
segment, 1 marker will be placed on each side of the head.

3D co-ordinates of each reflective marker will be tracked using
Qualisys Track Manager. Visual 3D software will be used to
process the data files. After placement of markers, a static image
of the participant standing in an anatomical position will be
taken.

AMTI Force Plates
Postural control as the COP movement will be measured with
an AMTI force platform (Advanced Mechanical Technology
Inc.). The force platform measures the 3 force components, Fx,
Fy, and Fz (where x, y, and z are the medial–lateral,
anterior–posterior, and vertical directions, respectively), at the
sampling frequency of 1200 Hz. The AMTI force plate is a
static-force measurement system and is a computer-based system
which synchronizes with a computer using a serial link. The
COP movement track data (in millimeter) will be collected for
each participant and will be converted into mediolateral and
anterior–posterior components for analysis.

Participants will stand on the force plate with arms relaxed at
their sides. Participants will be asked to stand with their feet
shoulder width apart. They will be instructed to maintain their
gaze on the letter while maintaining a quiet stance for the
duration of a task.

Experimental Tasks
The experimental tasks have been designed to simulate eye
movements in visually complex environments. Tasks will
increase in the level of complexity, starting from easy visual
tasks progressing to more visually complex tasks. Letters will
be projected in a random sequence on to a range of visually
complex background images (Figure 4). The font of the letters,
backgrounds, and duration of each task were finalized after
piloting. There are 6 tasks, each lasting 70 seconds. The letters
appear on the screen for 7 seconds each, at different positions
on the screen. Python programming language has been used to
select letters and their positions on screen. Participants will be
instructed to focus on a letter as they appear on the screen. The
tasks increase in difficulty in two ways: (1) the background
behind the letter progresses from neutral to busy (ie, to a
complex moving background), and (2) by the appearance of
either a single letter or multiple letters on screen. In the
single-letter tasks (tasks 1, 2, 5, and 6), the participants will be
instructed to focus their gaze on each projected letter for the
duration of the task. In the multiple letters’ tasks (tasks 3 and
4), the participant will be instructed to find letter E and maintain
visual fixation on it for the duration of the task. The tasks will
be presented from the lowest to highest difficulty of background
and number of letters (as described in Figure 4). The tasks will
not be randomized as the more difficult tasks might provoke
symptoms of dizziness which would hinder the performance of
participants in the subsequent tasks.
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Figure 4. The experimental tasks. *Letters have been magnified for clear visibility.

Data Collection
Data will be collected for all tasks in 1 session. The motion
analysis system and force plate will be calibrated before the
participant arrives in the laboratory. Upon arrival, the participant
will be orientated to the laboratory setup. The Dizziness
Handicap Inventory and Visual Vertigo Analogue Scale
screening will be completed. After setting up the markers,

experimental tasks will be explained, and the eye tracker glasses
will be fitted for comfort and calibrated. The participant will
then stand on the force plate wearing the calibrated eye tracker
with reflective markers (Figure 5). During the experimental
tasks, appropriate rest intervals will be provided after each task
to minimize provocation of symptoms such as dizziness and
nausea.

Figure 5. Data collection procedure.

Outcome Measures
The following outcome measures will be explored and analyzed
for this study.

Visual Fixations
Fixation characteristics for each group will be computed using
the SMI ETG software and will measure the total number of

refixations, the maximum fixation duration, and the number of
saccades. The software determines a fixation as a window with
a minimum duration of 80 ms and a maximum dispersion of
100 pixels. Refixations are calculated if the eye crosses the
maximum dispersion threshold of 100 pixels. The fixation
duration will be calculated as the total time spent in fixating
during a trial. The maximum fixation duration will be calculated

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e16805 | p.493http://www.researchprotocols.org/2020/7/e16805/
(page number not for citation purposes)

Chaudhary et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


as the longest fixation within each trial. A saccade event is
computed as any event that does not meet the fixation criteria
between the new and the previous fixation.

Postural Sway: Center of Pressure
COP displacement times series obtained from the force platform
will be down sampled to 100 Hz and subsequently will be
processed using a low-pass filter at 5 Hz (fourth-order,
zero-phase-lag, Butterworth) [45]. The mean velocity, root mean
square, and maximum range of the COP displacement will be
computed to evaluate postural sway [46].

Kinematics
Raw data from the Qualisys motion analysis will be imported
into Visual 3D, where a 6 degree-of-freedom model will be
constructed. Data will be interpolated and processed using a
fourth-order Butterworth low-pass filter with cutoff frequency
of 12 Hz. The body COM and the COM of the head segment
will be calculated using a pipeline in Visual 3D. The mean
velocity, root mean square, and maximum range of the COM
of the head and whole-body displacement will be calculated
[47].

Safety Measures
The study will be using moving background/moving images,
which may induce dizziness, imbalance, or nausea in some
participants. An assistant will stand close to the participant to
provide assistance and prevent a fall in case of imbalance. We
will monitor how a participant is feeling throughout each task,
and appropriate rest intervals will be provided. The session
would be stopped at any stage if required.

In the unlikely event of a physical injury, rehabilitation and
compensation for injury by accident may be available from the
Accident Compensation Corporation, provided the incident
details satisfy the requirements of the law and the Corporation’s
regulations.

Statistical Analysis

Sample Size Calculation
There is a lack of experimental evidence in the population of
interest to conduct a power calculation for the required sample
size. It is unclear if factors such as age or gender affect visual
fixations and there is minimal information on population
variation. Therefore, an arbitrary sample size of 20 in each group
has been selected. This has been selected in accordance with
studies performed in adults with motion sensitivity [33,34]. The
data from this study may help inform future studies for the
required sample size.

Analysis
Descriptive statistics (mean and standard deviation) will be
calculated for each of the variables. Data normality will be
examined using the Kolmogorov–Smirnov statistic. One-way
independent-measures analyses of variance will be performed
to investigate the differences between groups for all variables.
Post-hoc analysis with Šidák adjustment will be used for
multiple comparisons [48]. Finally, a receiver operating
characteristic curve analysis will be applied to determine
threshold values in gaze, COP, and COM parameters, allowing

identification of the impairment induced by motion sensitivity.
The optimal cutoff point will be determined using the Youden
Index. Areas under the curve, specificity, and sensitivity will
also be calculated. Values of areas under the curve will be
categorized as follows: excellent (≥0.90), good (0.80-0.90), fair
(0.70-0.79), and poor (<0.70).

Confidentiality
During the screening, the researcher will make note of whether
the potential participant meets the study criteria. For those who
do not meet the criteria, only the reason for exclusion from the
project will be recorded in a database and will not be
identifiable.

Ethics Approval and Consent to Participate
Ethical approval for this study has been obtained from the New
Zealand Health and Disability Ethics Committee (HDEC) and
Auckland University of Technology Ethics Committee
(AUTEC). Eligible potential participants will be asked to
provide written informed consent. Ethics committee approval
for any protocol modifications will be sought from HDEC and
AUTEC. Any changes will lead to an amendment in the
Australian New Zealand Clinical Trials Registry (HDEC
reference number: 18/CEN/193; AUTEC reference number:
19/38).

Dissemination of Study Data
A summary of the results from the study will be offered to all
participants as per the consent form. Results from the study will
be published in a peer-reviewed journal and presented at national
and international conferences.

Availability of Data and Materials
All participants will be given a numerical code upon acceptance
into the project. All health information will be stored in physical
and electronic records that are identified by the participant code
only. Only the named investigators will have access to the forms
that contain information about the participant’s name and their
code. These forms will be stored in a secured cabinet in
co-ordinating investigator’s office, separate from any records
containing health information.

The data sets used and analyzed during this study are available
from the corresponding author on reasonable request.

Results

Data collection was started in May 2019 and was completed by
February 2020. It was approved by the Institutional Review
Board on November 2, 2018 (Ethics ref: 18/CEN/193). We are
currently processing the data and will begin data analysis in
July 2020. We expect the results to be available for publication
by the end of 2020. The trial was funded by the Neurology
Special Interest Group, Physiotherapy New Zealand, and the
Eisdell Moore Centre in November 2018.

Discussion

This is an exploratory study with the primary aim to identify
whether fixational instability is associated with motion
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sensitivity and whether it leads to increased postural sway and
altered kinematics in adults with motion sensitivity.

This study will provide a detailed investigation of visual
fixations, postural sway, and kinematics in complex visual
environments. The use of a mobile eye tracker device will
investigate naturalistic eye behavior when exposed to
experimental stimuli. The task hierarchy will help in
understanding how characteristics of visual fixations change
when a person views a complex visual environment as opposed
to neutral environments. The experimental tasks might provoke
symptoms in some participants; however, we expect that all
participants will be able to complete the protocol with
appropriate rest intervals between tasks. Our sample size of 20
participants in each group is a foundational step in exploring

whether visual fixations contribute to motion sensitivity after
vestibular disorder. We anticipate the outcomes will be able to
detect a difference between healthy adults and those with motion
sensitivity. Results from this study will inform future trials and
will be used to inform development of diagnostic and
rehabilitation programs.

We hope that this study will increase our understanding of the
complex interactions of vision and balance in people with
motion sensitivity. If we determine that gaze and postural control
characteristics are altered, we will develop an intervention that
is designed to re-align the gaze and postural control
characteristics closer to those of the control population. This
intervention would then be tested in a series of clinical trials to
determine effectiveness.
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Abstract

Background: Immunological factors are the key to the pathogenesis of multiple sclerosis (MS). Conjointly, environmental
factors are known to affect MS disease onset and progression. Several studies have found that the intestinal microbiota in MS
patients differs from that of control subjects. One study found a trend toward lower species richness in patients with active disease
versus in patients in remission. The microbiota plays an important role in shaping the immune system. Recent studies suggest
the presence of an association between the gut microbiota and inflammatory pathways in the central nervous system. However,
the function of this brain-immune-intestine axis and its possible value for predicting treatment effect in MS patients is currently
unknown.

Objective: Our goal is to examine if the changes in gut and oral microbiota and simultaneous changes in the immune response
are a predictor for the treatment response in subjects with active relapsing-remitting MS (RRMS) who are being treated with oral
cladribine.

Methods: This is a prospective, observational, multicenter study. Eligible subjects are patients with RRMS, between the ages
of 18 and 55 years, who will start treatment with oral cladribine. Patients who used probiotics 1 month prior to the start of oral
cladribine will be excluded. At baseline (ie, before start) and after 3, 12, and 24 months, the Expanded Disability Status Scale
(EDSS) score will be assessed and fecal, oral, and blood samples will be collected. Also, subjects will be asked to register their
food intake for 7 consecutive days following the visits. After 24 months, a magnetic resonance imaging (MRI) assessment of the
brain will be performed. Responders are defined as subjects without relapses, without progression on the EDSS, and without
radiological progression on MRI.

Results: Inclusion started in January 2019. A total of 30 patients are included at the moment. The aim is to include 80 patients
from 10 participating centers during a period of approximately 24 months. Final results are expected in 2024.

Conclusions: The results of the BIA Study will contribute to precision medicine in patients with RRMS and will contribute to
a better understanding of the brain-immune-intestine axis.

International Registered Report Identifier (IRRID): DERR1-10.2196/16162

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e16162 | p.498http://www.researchprotocols.org/2020/7/e16162/
(page number not for citation purposes)

van Pamelen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:j.vanpamelen@etz.nl
http://www.w3.org/Style/XSL
http://www.renderx.com/


(JMIR Res Protoc 2020;9(7):e16162)   doi:10.2196/16162

KEYWORDS

multiple sclerosis; cladribine; brain-immune-intestine axis; brain-gut axis; gut-brain axis; microbiota

Introduction

Immunological and environmental factors are known to be
important in the pathogenesis of multiple sclerosis (MS) [1-3].
Recent studies have found that the gut microbiota in MS patients
is different from healthy controls [4-7]. One study found a trend
toward a decreased species richness in patients with active
disease compared to healthy controls and patients who are in
remission [6]. The microbiota plays an important role in shaping
the immune system, and recent studies suggest an association
between the gut and the central nervous system inflammatory
demyelination [2-4,7-11].

The connection between microbiota, treatment, and changes in
immunity in MS has not yet been examined well. Several recent
studies showed that MS patients treated with interferon,
glatiramer acetate, or dimethyl fumarate had an altered
microbiota in comparison to the patients who did not use
immunomodulatory treatment (IMT) [4,8,12].

For cladribine, it is known that after 2 years approximately 50%
of the patients have reached the goal of no evidence of disease
activity-3 (NEDA-3); that is, patients do not have relapses, show
no disability progression, and do not have active disease as seen
by magnetic resonance imaging (MRI), as measured by the
number and volume of the T2 lesions and the presence of
gadolinium-enhancing lesions on T1 images [13]. Cladribine
is also used for the treatment of celiac disease, a condition in
which there is inflammation of the small intestine due to
exposure to gluten. It has been shown that cladribine has a
positive effect on the gut immunological system [14].

This study aims to investigate whether the gut and oral
microbiota, or changes in gut and oral microbiota after therapy,
are a predictor for treatment response in subjects with active
relapsing-remitting MS (RRMS) and whether these changes
result in downgrading the immune response. To our knowledge,
this is the first study to investigate changes in microbiota and
immune response in patients with RRMS in a longitudinal
follow-up setting.

Methods

Study Objectives and Hypotheses
The main aim of this study is to determine if the gut and oral
microbiota at baseline, or the change in gut and oral microbiota
in the first 3 months after start of cladribine, is a predictor for
treatment response in subjects with active RRMS. The time
point of 3 months after the start of treatment was chosen in order
to be able to predict early in the treatment regimen whether a
treatment response can be expected. Only one previous study
investigated changes in microbiota after IMT and found a trend
toward changes in microbiota after 2 and 12 weeks [15].
However, possibly due to a small sample size, after correction
for multiple comparisons, none of their results seem to be

significant. Nevertheless, we expect that 12 weeks (ie, 3 months)
is a good moment to measure changes, because changes in
different immune cell subsets after administration of oral
cladribine have been shown to already appear after 5 weeks and
stabilize after 13 weeks [16]. The hypothesis that there is an
interaction between the immune system and gut microbiota
suggests that we can also expect changes in microbiota at that
moment.

The secondary objectives are to answer the following questions:

1. What is the difference between the gut and oral microbiota
in patients who experience disease activity (ie, relapse,
radiological activity, or disability progression) in
comparison to patients without disease activity at baseline
and at 3, 12, or 24 months?

2. What is the difference between the immune profile in
patients who experience disease activity in comparison to
patients without disease activity at baseline and at 3, 12, or
24 months?

3. Will cladribine treatment result in a more balanced
microbial profile and a less inflammatory immune profile
at 3, 12, or 24 months?

Our hypothesis is that RRMS patients treated with oral
cladribine who have NEDA-3 after a follow-up period of 2 years
will have a more balanced microbial profile together with a
reduced proinflammatory profile of circulating immune cells
when compared to the patients who do not have NEDA-3 after
2 years of follow-up. We expect that this study may contribute
to a better understanding of the association between the gut, the
immune system, and the central nervous system in patients with
RRMS.

Design
The BIA (brain-immune-intestine axis) Study is a prospective,
observational, multicenter study. Subjects with active RRMS
who start with oral cladribine treatment, as per standard of care,
will be asked to participate in this study. Participation includes
four to five visits over 24 months.

Population
Patients will be recruited from the outpatient clinics of the
participating neurological departments. Enrollment will take
place at 10 participating centers in the Netherlands during a
period of approximately 24 months. Eligible subjects are patients
with clinically definite RRMS, between the ages of 18 and 55
years, with a planned start of cladribine treatment. We excluded
patients who used probiotics within 1 month prior to the planned
start of cladribine. We have chosen not to exclude patients with
other potentially confounding factors, such as recent treatment
with antibiotics or corticosteroids and a medical history of bowel
disease, to make sure our population reflects daily practice.
However, these factors will be collected throughout the study
to be able to take them into account during analysis.
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Sample Size Calculation
This is an exploratory study. No previous studies assessing the
primary outcome have been performed. Other studies examining
the gut microbiota in MS patients usually included 30-60
patients [4,6-8,11]. With 30-60 patients, these studies were able
to clearly show differences in the gut microbiota between MS
patients and healthy controls. We want to assess whether there
is a difference in the gut microbiota in responders versus
nonresponders in patients treated with oral cladribine. Previous
studies with oral cladribine in MS patients have shown that
approximately half of the patients will reach NEDA-3.

In order to obtain sufficient statistical power for a reliable
prediction, we follow the rule of thumb of having at least 10
patients per event [17].

Taking into account that about 50% of the participants will have
the event (ie, disease activity, which can include relapses,
disability progression, or radiological progression) and that four
facets of the gut microbiota profile will be used to predict the
event, we need 80 patients (ie, 4 × 10 × 2 = 80). These four
facets will be derived from the different approaches described
in the Statistical Analysis section of this protocol.

Ethics Committee Approval
This study was approved by the medical ethics committee of
Brabant, based in Tilburg, the Netherlands. Written informed
consent will be obtained from all participants.

Procedures
This study will include four to five visits—a screening and
baseline visit and visits after 3, 12, and 24 months—of which
only the baseline visit is an additional visit. Procedures in the
screening visit can be partly performed during the baseline visit
or by telephone contact. All other visits will be combined with
routine hospital visits. During these visits, patients will undergo
neurological examination and several study-specific invasive
and noninvasive measurements. Blood samples and an oral swab
will be taken at baseline and after 3, 12, and 24 months, and
one additional MRI (ie, T1-weighted, T2-weighted,
fluid-attenuated inversion recovery [FLAIR], and T1-weighted
imaging with gadolinium) will be performed after 2 years. A
stool sample will be collected at baseline and at months 3, 12,
and 24, and subjects will be asked to rate their feces on the
Bristol Stool Scale. Subjects will also be asked to register their
food and drink intake for 7 consecutive days following the
baseline visit and the visits at months 3, 12, and 24.

Table 1 provides an overview of all procedures per visit. A
distinction is made between routine assessments and
study-specific assessments.

The treating physician will be responsible for all procedures,
which can be partially delegated to a research nurse. MRIs will
be assessed by a central reader. A central laboratory will analyze
gut and oral microbiota from stool samples and oral swabs and
an immunological profile from blood samples.

Table 1. Schedule of visits and assessments.

Unscheduled visit
(<10 days of relapse)

Visit at 24
months

Visit at 12
months

Visit at 3
months

Baseline visit:

Day –7 to 0a
Screening visit:

Day –28 to 0a
Assessment

     XbInformed consent

    XXInclusion and exclusion criteria check

     YcDemography

     YMedical history

     YHeight

 YYWeight

 YYYXYVital signs

XXXXBristol Stool Scale

XXXXXDisease assessment: Expanded Disability Status
Scale (EDSS)

 X Y  YMagnetic resonance imaging (MRI): brain

XXXXOral swab

 XXXX Stool sample collection for microbiota assessment

 XXXX Blood sampling for immunological assessment

YYYYYConcomitant medication

YYYYY Adverse events

 XXXX Food registration by patient

aScreening and baseline visit activities can be performed on the same day.
bX: study-specific assessment.
cY: routine assessment.
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Withdrawal of Subjects
Subjects can leave the study at any time for any reason if they
wish to do so without any consequences. The investigator can
decide to withdraw a subject from the study for urgent medical
reasons. Subjects who discontinue cladribine, prior to
completing the week 2 intake in the second year, and switch to
another MS medication will be asked to continue participation
in the BIA Study. The new MS medication will be documented
as concomitant medication.

Materials and Measures

Expanded Disability Status Score
During the screening visit and the visits at months 3, 12, and
24, the Expanded Disability Status Scale (EDSS) score will be
recorded by performing a neurological examination. In case the
subject experiences a relapse between screening and baseline,
the EDSS will have to be repeated at the Day 0 visit to assess
a new baseline value.

Microbiota Assessment
Oral swabs and stool samples will be collected using eNAT
tubes (Copan Diagnostics, Inc) at baseline and at months 3, 12,
and 24 for microbiota assessment. These tubes contain a
guanidine-thiocyanate-based medium that stabilizes RNA and
DNA and can be stored at room temperature for 4 weeks and
at –20°C after that [18]. This allows patients to collect their
stool samples at home and bring them to their hospital visits.
Oral swabs will be collected during their hospital visits. After
the visits, both tubes will be stored at –20°C until analysis.
Composition of the gut microbiota will be determined using the
IS-pro (interspace profiling) technique, a clinically validated
molecular assay for analysis of complex microbiota [19]. The
IS-pro technique (inBiome) identifies bacteria based on
specific-length polymorphisms in the 16S-23S rDNA interspace
(IS) region, combined with phylum-specific sequence
polymorphisms in the 16S rDNA. Resulting data consist of peak
profiles, with different colors relating to the different phylum
groups (ie, Bacteroidetes; Proteobacteria; and Firmicutes,
Actinobacteria, Fusobacteria, and Verrucomicrobia) and length
signatures corresponding to the specific species.

Blood Samples
Blood samples will be drawn at baseline and at months 3, 12,
and 24 for immunological assessment. Blood will be collected
in cell preparation tubes, which allow for direct isolation of the
peripheral blood mononuclear cells (PBMCs). Cells will be
stored at –80°C for a maximum of 3 months and then in liquid
nitrogen. Subsequently, the cells will be used for single-cell
mass cytometry analysis using cytometry by time-of-flight
(CyTOF).

Bristol Stool Scale
Subjects will be asked to rate their feces on the Bristol Stool
Scale at baseline and at months 3, 12, and 24. This information
will be used to correct for stool consistency. Previous research
investigating features that accounted for gut microbiome
variation showed that the Bristol Stool Scale score is the most
important feature covarying with fecal microbiome composition
[20].

Food Intake Registration
Subjects will be requested to record their food intake for 7
consecutive days following the baseline visit and visits at 3, 12,
and 24 months. This information will be used to correct for diet
as a potential confounder (eg, vegetarian diet). Also, we will
use this information to check for changes in diet throughout the
study period, which could possibly explain some changes in the
microbiota.

MRI
Gadolinium-enhanced MRI of the brain will be performed at
the screening visit, after 12 months (ie, standard care) and after
24 months (ie, study-specific assessment). This MRI will include
FLAIR, T2-weighted, and T1-weighted scanning before and
after intravenous gadolinium has been given. The MRI
parameters will be as follows: T1-lesion load, T2-lesion load,
number of enhancing lesions, and number of new and enlarging
lesions. If a routine (ie, standard care) MRI has been made
within 3 months prior to the start of cladribine, this MRI will
not have to be repeated.

Other Measures
At the screening visit, demographic data; medical history,
including MS disease activity and gastrointestinal diseases;
prior use of IMTs, antibiotics, and glucocorticoids; height and
weight; and smoking status will be recorded. At month 12,
weight will again be recorded. Vital signs, including blood
pressure and pulse, will be measured at screening and baseline
visits and at months 3, 12, and 24 visits. Concomitant medication
and adverse events, both serious and nonserious, will be
registered throughout the study. All these measures can be used
to find out whether they are important confounders for
microbiota composition.

Statistical Analysis

Primary Study Parameters
The primary study parameter is difference in gut and oral
microbiota at baseline or during the first 3 months after the start
of oral cladribine between responders and nonresponders.
Response to cladribine treatment will be determined using
various data:

1. EDSS: score ranging from 0.0 (normal neurological
examination) to 10.0 (death due to MS).

2. MRI (brain): radiological changes, including T1-lesion
load, T2-lesion load, number of enhancing lesions, and
number of new and enlarging lesions, as assessed by a
central reader.

3. Documented relapses.

We will evaluate whether responders and nonresponders have
a distinct gut and oral microbiota and whether they can be
classified based on intestinal or oral microbiota composition
prior to therapy and after an initial period of 3 months after the
first treatment.

Microbiota composition will be evaluated in different ways. As
microbiota data contain many variables, a first approach is to
reduce the number of variables. The most commonly used
approaches, that we will also use here, are to calculate the
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diversity of the microbiota with the Shannon diversity index
and to analyze the microbiota on the phylum level, a high-level
taxonomic classification. Differences between responders and
nonresponders in Shannon diversity indices and phylum
abundance will be calculated by classical statistical approaches,
the Mann-Whitney U test, or the Student t test where
appropriate. Bonferroni corrections will be applied where
appropriate.

A second approach will be evaluation by time series analysis.
Using these longitudinal analyses, subjects will act as their own
control. An important advantage of this type of analysis is that
the impact of confounding factors is small, because samples are
derived from one subject. Changes in potentially confounding
factors, such as diet or recent use of antibiotics, can be accounted
for based on knowledge from previous studies [21-23]. Changes
found using this analysis can be used to create insight into
potentially useful parameters to predict response to treatment
and can be used in the following approaches.

A third approach for evaluation will be by unsupervised
clustering of microbiota profiles. This will be done by generating
a correlation matrix based on cosine-correlations of paired
microbiota profiles. The matrix will be further clustered with
the unweighted-pair group method with arithmetic mean.
Resulting clusters will be analyzed for over- or
underrepresentation of responders or nonresponders, again using
the Mann-Whitney U test or the Student t test where appropriate.

The fourth approach for evaluation that we will use is a
supervised classification approach. The classifier of choice is
adaptive group-regularized logistic ridge regression (AGRR).
This classifier has several advantages. First, it enables estimation
and predictor selection when the number of features (ie, bacterial
features) exceeds the number of observations. Hence, in contrast
to standard classifiers, it can deal with high-dimensional data.
Second, it allows for the structural use of codata in order to
improve predictive performance. Codata refers to additional
information on the measured variables. In this case, we will
have information on the phylum that each bacterial feature
belongs to. Considering this information implies that we will
take into account that phylum composition may have additional
predictive value. Moreover, information on predictive power
at the phylum level will also facilitate feature selection (eg, if
Bacteroidetes are most predictive, then the model will give more
weight to the selection of bacteria belonging to this phylum).
The prediction model will include corrections for clinical
variables, such as gender and age, and will take into account
potential confounders. Because of a relatively small sample
size, we will consider which are the most important confounders
based on previous findings and use stratification of these
confounders into only a small number of categories, to make
sure there are enough subjects in each category. The AGRR
depends, as do all regularized classifiers, on penalty parameters.
Tuning of these penalties will rest on efficient cross-validation
and empirical Bayes estimation. Predictive performance of the
model will be assessed by receiver operating characteristic
(ROC) curves and area under the ROC curves based on
cross-validated predictions obtained from 10-fold
cross-validation. The AGRR was developed and implemented
by the Statistics for Omics group of the Department of

Epidemiology and Biostatistics of the Vrije Universiteit Medical
Center [24].

Using these four approaches, we can evaluate our data and
decide which parameters can be used to create a model that can
predict whether a patient will or will not respond to therapy.

Secondary Study Parameters
Differences between responders and nonresponders in the
composition of the gut and oral microbiota after 12 and 24
months will be determined using the same test as used for
baseline samples and samples after 3 months.

High-dimensional immune profiling of the RRMS patients on
cladribine will be performed using the Maxpar Direct Immune
Profiling System (Fluidigm) with CyTOF. This assay uses a
30-marker antibody panel and automated Maxpar Pathsetter
software (Fluidigm) that can identify 37 immune cell
populations based on the single-cell expression of 30 protein
markers. The software is developed using probability state
modelling, eliminates the variability of manual gating, and
provides an efficient and reliable solution for data analysis in
longitudinal and multisite studies.

For each sample, 500,000 PBMCs will be measured on a
single-cell level using a Helios mass cytometer (Fluidigm).
Subsequently, CyTOF Software v6.7 for Maxpar Direct Immune
Profiling Assay (v6.7.1016 or higher) with default flow
cytometry software (FCS) processing settings will be used to
normalize the final FCS files. After sample acquisition and data
normalization, normalized FCS files will be analyzed using the
above-mentioned Maxpar Pathsetter software.

Results

Participant inclusion started in January 2019. A total of 30
patients are included at the moment. The aim is to include 80
patients from 10 participating centers during a period of
approximately 24 months. Final results are expected in 2024.

Discussion

The BIA Study investigates whether patients with active RRMS
on oral cladribine, with or without disease activity after 2 years,
have a distinct gut and oral microbiota and an altered immune
profile. The results may be applicable in daily practice when
deciding which patient is likely to have a response to oral
cladribine or, after 3 months, which patient should switch to
another immunomodulatory drug. Unnecessary side effects,
potential risks, and useless treatment can be avoided this way.
Also, this study may contribute to a better understanding of the
association between the gut and central nervous system
inflammation.

This study has several strengths. First, to our knowledge, this
is the first study to investigate changes in gut microbiota and
immune response in a longitudinal follow-up setting in patients
with RRMS on oral cladribine treatment. Prior studies have
only investigated gut microbiota profiles and immune responses
in a cross-sectional design, which means they compared samples
of different subgroups with each other or compared samples of
patients with samples of healthy controls [4-8,11,12]. Changes
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due to IMT can be measured only on a group level this way.
Interindividual variability in microbiota profiles is high, so it
is better to let each subject act as his or her own control. In this
study, due to its longitudinal design, we will be able to describe
the changes in microbiota and the immune response due to
cladribine on an individual level. Also, we will be able to
determine the predictive value of the changes in the microbiota
and/or immune system on the treatment effect.

Second, this is the first clinical study to combine investigation
of changes in the gut microbiota with the oral microbiota. If
changes in oral microbiota can be found that are equally
predictive as those found in the gut microbiota, this would be
highly beneficial for clinical implementation, as oral samples
are much easier to obtain than fecal samples.

Third, this is the first study to investigate the effect of cladribine
on the immune system on a high-dimensional and single-cell
level using CyTOF. These data will not only give extensive
insight into the effect of cladribine on the immune system, but
also on the role the immune system plays in responders versus
nonresponders.

This study also has several limitations. First, subjects were
allowed to use IMT prior to the start of oral cladribine. The

baseline samples can, therefore, be influenced by this therapy.
Also, we did not exclude other confounding factors, such as
recently used antibiotics or corticosteroids and bowel disease.
However, we will collect data on all these potential confounders
in order to take them into account. Also, we will collect data
on the consistency of the feces and on dietary habits, which are
known confounders [1,20].

Second, generalizability of results may be limited because
subjects only used oral cladribine and no other IMT. However,
previous research has shown that different IMTs influence the
same inflammatory pathways, so it may provide an excellent
basis for further research on the brain-immune-intestine axis
[12]. Cladribine was chosen for several reasons: its
approximately 50% response rate, to create even groups; its
known positive effect on the gut immunological system from
previous research in celiac disease; and to include a more
homogeneous group of patients, based on type of MS, disease
severity, and type of IMT [13,25].

In summary, the results of the BIA Study are likely to contribute
to more individualized medicine in patients with RRMS and to
contribute to a better understanding of the
brain-immune-intestine axis.
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Abstract

Background: The importance of identifying people with diabetes and progressive kidney dysfunction relates to the excess
morbidity and mortality of this group. Rates of cardiovascular disease are much higher in people with both diabetes and kidney
dysfunction than in those with only one of these conditions. By the time these people are identified in current clinical practice,
proteinuria and renal dysfunction are already established, limiting the effectiveness of therapeutic interventions. The identification
of an epigenetic or blood metabolite signature or gut microbiome profile may identify those with diabetes at risk of progressive
chronic kidney disease, in turn providing targeted intervention to improve patient outcomes.

Objective: This study aims to identify potential biomarkers in people with diabetes and chronic kidney disease (CKD) associated
with progressive renal injury and to distinguish between stages of chronic kidney disease. Three sources of biomarkers will be
explored, including DNA methylation profiles in blood lymphocytes, the metabolomic profile of blood-derived plasma and urine,
and the gut microbiome.

Methods: The cross-sectional study recruited 121 people with diabetes and varying stages (stages 1-5) of chronic kidney disease.
Single-point data collection included blood, urine, and fecal samples in addition to clinical data such as anthropometric
measurements and biochemical parameters. Additional information obtained from medical records included patient demographics,
medical comorbidities, and medications.

Results: Data collection commenced in January 2018 and was completed in June 2018. At the time of submission, 121 patients
had been recruited, and 119 samples remained after quality control. There were 83 participants in the early diabetes-associated
CKD group with a mean estimated glomerular filtration rate (eGFR) of 61.2 mL/min/1.73 m2 (early CKD group consisting of
stage 1, 2, and 3a CKD), and 36 participants in the late diabetic CKD group with a mean eGFR of 23.9 mL/min/1.73 m2 (late
CKD group, consisting of stage 3b, 4, and 5), P<.001. We have successfully obtained DNA for methylation and microbiome
analyses using the biospecimens collected via this protocol and are currently analyzing these results together with the metabolome
of this cohort of individuals with diabetic CKD.

Conclusions: Recent advances have improved our understanding of the epigenome, metabolomics, and the influence of the gut
microbiome on the incidence of diseases such as cancers, particularly those related to environmental exposures. However, there
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is a paucity of literature surrounding these influencers in renal disease. This study will provide insight into the fundamental
understanding of the pathophysiology of CKD in individuals with diabetes, especially in novel areas such as epigenetics,
metabolomics, and the kidney-gut axis.

International Registered Report Identifier (IRRID): DERR1-10.2196/16277

(JMIR Res Protoc 2020;9(7):e16277)   doi:10.2196/16277

KEYWORDS

epigenetics; metabolomics; gut microbiome; diabetes; chronic kidney disease

Introduction

In 2011-2012, an estimated 1.7 million Australian adults had
clinical and biochemical features of Chronic Kidney Disease
(CKD), with similar numbers of males and females affected
[1]. As kidney disease is mostly asymptomatic, the majority of
people are unaware they have this chronic condition. Therefore,
opportunistic testing in people with identifiable risk factors is
of paramount significance to the individual’s health and
Australia’s health economy. One of the leading risk factors for
CKD is diabetes mellitus (DM), both type I and type II, which,
together with associated micro and macrovascular complications,
have reached epidemic proportions in Australia [2]. The
prevalence of CKD is about three times higher in those with
diabetes compared to those without [3]. One of the major
microvascular complications of diabetes is kidney injury, termed
diabetic chronic kidney disease. It is characterized by persistent
albuminuria, proteinuria, and eventual decline in kidney function
(estimated glomerular filtration rate of less than 60 mL/min/1.73

m2).

Among people with diabetes and CKD, the rate of
cardiovascular events is more than twice the rate of those with
diabetes alone [4]. Cardiovascular causes are the leading cause
of mortality in people with diabetes and kidney disease, and
this is more likely than the progression to end-stage renal disease
(ESRD) [5]. These problems are only projected to escalate,
given the growing epidemic of diabetes and obesity in Australia
and worldwide.

Epigenetics is the study of a range of biochemical processes
that regulate gene expression and phenotype in the absence of
underlying alterations to the DNA sequence [6]. Epigenetic
mechanisms play a crucial role in differentiation, cell
specification, and function and may be regulated by external
cues such as exposure to environmental pollutants and poor
dietary choices. Consequently, this can induce abnormal
metabolic phenotypes that can be further compounded by genetic
susceptibility [7]. DNA methylation (DNAm) is the most studied
epigenetic marker and is highly stable due to the covalent link
to the underlying DNA. DNA methylation usually occurs at
5′-cytosines (5mC) of CpG dinucleotides. The regions of DNA
with a higher number of CpG clusters are designated “CpG
islands” and are generally methylated in a tissue-specific
manner. Low methylation status of promoter CpG islands is
associated with gene expression, while a high methylation status
causes repression of transcription [8].

Multiple factors such as inflammation, accelerated oxidative
stress, accumulation of toxins, and aberrant metabolism are

involved in the progressive deterioration of kidney function.
Abnormal epigenetic mechanisms may be involved in mediating
the likely gene-environment interactions underlying diabetes
and chronic kidney disease [9]. This area of research is novel
as we now know that pro-inflammatory and pro-fibrotic genes
can be regulated by hyperglycemia via epigenetic mechanisms
in vascular cells, monocytes, and mesangial cells [10]. The
epigenetic mechanisms involved in the regulation of gene
expression, including DNA methylation, appear to play a pivotal
role in the development of diabetes-associated complications
[11].

Metabolomics is the large-scale study of small molecules
referred to as metabolites (such as sugars, amino acids, and
lipids) in a given organism. Just as each individual will have a
unique epigenetic profile, each will also have a characteristic
metabolomic profile, leading to the concept of personalized
metabolomics. In the future, this may provide the ability to track
the trends of individual metabolomes over time, thus enabling
personalized drugs and improved treatment strategies. Such
personalized treatment is likely to be more effective than current
medical population-based approaches. Metabolomic approaches
are particularly promising in nephrology research as a
consequence of the significant and varied impact kidney function
has on circulating metabolite levels and because the metabolites
may themselves play functional roles in CKD pathogenesis and
its complications [12]. In experimental studies, metabolomics
has been used to identify a signature of decreased mitochondrial
function in diabetic chronic kidney disease, and these studies
have outlined new therapeutic options [12].

Each individual’s microbiome composition is thought to be
unique and influenced by genetics, geographical location, diet,
age, and exposure to antibiotics, in addition to factors
operational in early life such as mode of delivery and nature of
early feeding. Gut bacteria play a crucial role in food digestion
and nutrient absorption. More recently, the role of the gut in
modulating the immune system has been recognized, and
dysbiosis has subsequently been linked to an increasing number
of non-communicable diseases such as diabetes, obesity, and
heart disease.

Kidney disease is associated with inadequate nutrition, frequent
use of antibiotics, metabolic acidosis, and volume overload.
These factors are associated with microbial dysbiosis and may
also affect gastrointestinal permeability, which together may
account for the systemic inflammation that is associated with
and contributes to worsening CKD and cardiovascular disease.
CKD alters gut microbiota and contributes to dysbiosis. Vaziri
et al reported altered gut microbiota composition in people with
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CKD: specifically, they noted lower numbers of
Lactobacillaceae and Prevotellaceae families and 100 times
higher Enterobacteria and Enterococci species [13].

The primary aim of this study is to compare DNA methylation,
blood and urinary metabolomic, and gut microbiome profiles
between people with diabetes and various stages of CKD. A
component of this aim is to determine whether there are distinct
profiles at each stage of diabetic CKD.

Methods

A sample size of 120 provides 80% power to detect a minimum
correlation of 0.25 between epigenetic/metabolomics and gut
microbiome factors and the stage of diabetic kidney disease
using a two-sided hypothesis test with a significance level of
.05. A correlation of 0.25 is considered a moderately small effect
size, and as such, the target sample size has enough power to
investigate the primary research question.

The sample size of 120 will also provide more than 90% power

to detect an R2 effect size of 0.20 (moderately small effect size)
in a multivariate linear regression setting using an F test with
a significance level (alpha) of 0.05.

This cross-sectional study design included a study population
of 121 adults with diabetes and CKD stages 1, 2, 3a, 3b, 4, and
5. Participants were recruited from a single site, the Austin
Health outpatient diabetes clinic, Victoria, Australia.
Approximately 40 patients attend this clinic per week, and it
took 6 months to recruit 121 participants. Patient recruitment
commenced in January 2018 and was completed by the end of
June 2018. Patients who presented to this clinic were offered
the option to participate in the study and provided consent to
the collection of clinical information, archiving and use of blood,
urine, and stool samples, for research into the complications of
diabetes.

All biological samples and data were de-identified and assigned
a study number at Austin Health. Samples (other than stool
samples) were transported from Austin Health to the Murdoch
Children’s Research Institute (MCRI), Melbourne, for
processing, analysis, and storage. Stool samples were transported
on dry ice to the Metabolic Research Unit, Deakin University,
Geelong for processing, analysis, and storage. Electronic data
will be kept indefinitely to allow for continued analyses.

Study Population and Recruitment
Participants (N=121) were recruited from the Austin Health
outpatient diabetes clinic. The principal investigator approached
patients while they waited for their appointment. The aims of
the study were explained, and they were asked if they had an
interest in knowing more information about the study. Those
interested were provided with a participant information
statement and consent form as well as a stool collection kit to
be brought to their next diabetes clinic appointment.

Inclusion and Exclusion Criteria
Participants qualified for inclusion if they were aged ≥18 years
and diagnosed with diabetes and CKD stages 1, 2, 3a, 3b, 4, or
5.

Participants were excluded if they were aged <18 years, had a
history of renal transplant, a single kidney, diabetes secondary
to pancreatic pathology, steroid medication-induced diabetes,
presence of non-diabetic kidney disease, active drug or heavy
alcohol use, an active malignancy within the past five years,
inflammatory bowel disease, were pregnant or breastfeeding,
or who had a BMI <20 or >40.

Data Collection

Patient Information
Participant data inclusive of age, gender, height weight, blood
pressure, medical comorbidities, duration of diabetes, stage of
CKD and its associated complications, medications, and
pathology results were collected. The anthropometric data were
obtained on the day of the clinic visit while the remainder of
the patient’s information was gathered via access to Austin
Health’s electronic medical records. All of this selected
information was then entered into the study database.

Sample Storage

Serum/Plasma samples

Peripheral blood was collected at each outpatient clinic visit by
venepuncture for assessment of epigenetics and metabolomics
profiles. A total of 15mL of blood was collected at each visit:
10 mL in a 10-mL coagulant tube (for serum) and 5 mL in a
5-mL ethylene diamine tetraacetic acid (EDTA) anticoagulant
tube (plasma, white blood cells). Samples were transported to
the Austin Health laboratory within two hours of collection for
processing by the principal investigator. The clot was initially
separated from the 10ml coagulant tube. Subsequently, the
10-mL coagulant tube (for serum) was centrifuged at 3500 rcf
at 4°C. The serum was separated into 0.5-mL aliquots. The clot
and serum aliquots were then stored at –80°C. The 5-mL EDTA
anticoagulant tube was also centrifuged at 3500 rcf at 4°C. The
resultant plasma was separated into 0.5-mL aliquots, and the
buffy coat separated into 0.2-mL aliquots. All samples were
stored at –80°C.

Urine Samples

A spot urine sample was collected at each outpatient diabetic
clinic visit and transported to the laboratory within 24-48 hours
of collection. The samples were centrifuged at 3500 rcf at 4°C
and then aliquoted into 5-mL tubes and stored at –80°C within
30 mins of processing. Subsequently, the urine and plasma
samples were sent to Nightingale (Finland) for metabolomic
biomarker analysis.

Stool Samples

Following collection in a specimen container, the samples were
aliquoted into smaller 1.5-mL Eppendorf tubes before freezing
at –80°C, then stored for DNA extraction to avoid multiple
freeze/thaw cycles. The stool sample volume required for
microbiome analysis was about 0.5-1.0 g.

Data Generation
DNA methylation profile: Genomic DNA was extracted from
blood lymphocytes (buffy coat) for methylation analysis.
Peripheral blood was collected from Austin Health and
transported to MCRI. Buffy coats were lysed with proteinase
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K for 2 hours, and the DNA was extracted using the Qiagen
QIAamp DNA Mini spin kit (Ref 51306) according to the
manufacturer’s protocol. DNA was quantified, and purification
assessed by Qubit fluorometric quantitation (Thermo Fisher).

Genomic DNA (1000 ng) from adult buffy coat samples were
randomized into 96-well plates and sent to the Australian
Genome Research Facility (AGRF, Victoria) for sodium bisulfite
treatment and genome-wide methylation analysis using Illumina
InfiniumMethylationEPIC BeadChips (HM850K) [14]. The
EPIC array measures DNA methylation at more than 850,000
CpG sites and covers all gene promoters, gene bodies, and
ENCODE-assigned distal regulatory elements (Encyclopedia
of DNA elements) [15]. Quality assessment was performed by
QuantiFluor, and a subset of samples was resolved on a 0.8%
agarose gel at 130 V for 60 minutes. Samples were then
normalized to approximately 500 ng of DNA in 45 μL and
bisulfite converted with the Zymo EZ DNA Methylation kit.
All samples were above 860,000 detected CpG sites (P<.01).
Raw IDAT files were received on a hard disk from AGRF and
used for data analysis.

In order to assess blood and urine metabolites, plasma was
isolated from peripheral blood and corresponding urine samples
sent to Nightingale (Finland) for metabolomic biomarker
analysis. This platform analyzes metabolites using nuclear
magnetic resonance (NMR) spectroscopy, which is an
NMR-based metabolomics platform [16]. Robotic sample
preparation is followed by spectral acquisition in a fully
automated manner. The NMR platform has been used to profile
approximately 350,000 blood samples in over 1000
epidemiological and clinical studies. The biomarker
measurements are acquired from native serum or EDTA plasma
and are possible with 100 μL to 350 μL sample volume. The
platform provides quantification of 228 metabolic measures,
which are quantified in absolute concentrations (ie, mmol/L)
[16].

In order to assess the gut microbiome, stool samples were sent
on dry ice to the Metabolic Research Unit, Deakin University,
Geelong, where they were stored in a –80°C freezer. DNA was
extracted using the commercial Qiagen QIAamp DNA Stool
Mini Kit (Ref 51504) according to the manufacturer’s protocol.

DNA quantity and purity were assessed using Qubit (Thermo
Fisher).

The Australian Genome Research Facility performed PCR
amplification and sequencing. PCR amplicons were generated
using the primers and conditions outlined in Table 1.

Thermocycling was performed on an Applied Biosystem 384
Veriti using AmpliTaq Gold 360 Mastermix (Life Technologies,
Australia) for the primary PCR. The first stage PCR product
was purified using magnetic beads, and samples were visualized
by electrophoretic separation in a 2% Sybr Egel (Thermo
Fisher). A secondary PCR to index the amplicons was performed
with TaKaRa Taq DNA Polymerase (Clontech). The resulting
amplicons were purified using magnetic beads, quantified by
fluorometry (Promega Quantifluor), and normalized. The
equimolar pool was purified a final time using magnetic beads
to concentrate the pool and then measured using a
High-Sensitivity D1000 Tape on an Agilent 2200 TapeStation.
The pool was diluted to 5 nM, and molarity was confirmed
using a High-Sensitivity D1000 Tape, then sequenced on an
Illumina MiSeq with a V3, 600 cycle kit (2 × 300 base pairs
paired-end).

Paired-end reads were assembled by aligning the forward and
reverse reads using PEAR (version 0.9.5) [17]. Primers were
identified & trimmed. Trimmed sequences were processed using
Quantitative Insights into Microbial Ecology (QIIME 1.8) [18],
USEARCH (version 7.1.1090) [19,20], and UPARSE [21]
software. USEARCH sequences were quality filtered, and
full-length duplicate sequences were removed and sorted by
abundance. Singletons or unique reads in the data set were
discarded. Sequences were clustered and chimera filtered using
the “rdp_gold” database as the reference. Reads were mapped
back to OTUs with a minimum identity of 97% to obtain the
number of reads in each OTU. QIIME taxonomy was assigned
using the Greengenes database (version 13_8) [22].

Demographic and clinical information stored on the Austin
Health patient database was accessed and recorded in the study
database. The information included but was not limited to blood
pressure, weight and BMI, eGFR, albumin to creatinine ratio,
medical comorbidities, and medication history. This information
was de-identified and given a study ID number corresponding
to their matched biological samples.
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Table 1. Primers and conditions used to amplify the 16S: V3-V4 target sequence.

DescriptionPrimers and conditions

Primer

341F-806RTarget

CCTAYGGGRBGCASCAGForward (341F)

GGACTACNNGGGTATCTAATReverse (806R)

Condition

16S: V3 - V4Target

29Cycle

95°C for 7 minInitial

94°C for 60 secDisassociate

50°C for 60 secAnneal

72°C for 60 secExtension

72°C for 7 minFinish

Results

This study was approved in July 2017 by the Human Research
Ethics Committee of Austin Health, Victoria, Australia
(HREC/17/Austin/166) and Deakin University, Geelong,
Australia. The study was funded in July 2017. Data will be
published in peer-reviewed medical and scientific research
journals and any molecular data published in the appropriate
public repositories. Data collection commenced in January 2018
and was completed in June 2018. At the time of this submission,
121 patients had been recruited. After sample quality control,
data were available for 119 patient samples. The proportion of
the 119 recruited patients in each stage of CKD is illustrated in
Table 2. The clinical and biochemical characteristics of our
patient cohort are shown in Table 3.

The majority of participants had type 2 diabetes (n= 99), while
20 had type 1 diabetes. Only 2 of the 20 patients with type 1
diabetes were characterized as having latent autoimmune
diabetes of adulthood (LADA). There were 83 participants in

the early diabetes-associated CKD group with a mean eGFR of

61.2 mL/min/1.73 m2 (early CKD group consisting of stages 1,
2, and 3a), and 36 participants in the late diabetic CKD group

with a mean eGFR of 23.9 mL/min/1.73 m2 (late CKD group,
consisting of stages 3b, 4, and 5) (P<.001). We chose to define
late diabetes-associated CKD as Stages 3b, 4, and 5 in
recognition of the marked increase in death, cardiovascular
events, and hospitalizations observed as eGFR decreased below

45 mL/min/1.73 m2 [23]. The mean age in the early CKD group
was significantly younger at 66.1 years versus 72 years in the
late CKD group (P=.01). There was a higher proportion of
males, with 50 out of 83 participants (60.2%) in the early CKD
group versus only 16 males out of 36 participants (44.4%) in
the late CKD group.

Biospecimens are currently being used for epigenetic,
metabolomic, and gut microbiome analyses. The results from
these respective analyses will be completed in June 2020 with
the publication of this work expected later this year.

Table 2. The proportion of patients in each stage of chronic kidney disease (N=119).

Patients, n (%)Disease stage

8 (7)Stage 1

49 (41)Stage 2

26 (22)Stage 3a

13 (11)Stage 3b

13 (11)Stage 4

10 (8)Stage 5
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Table 3. Clinical and biochemical characteristics of the patient cohort.

P valueLate chronic kidney disease (group 2)Early chronic kidney disease (group 1)Patient characteristics

.0172.00 (11.5)66.14 (11.5)Age (years), mean (SD)

.1616.00 (44.4)50 (60.2)Male, n (%)

.24Type of diabetes, n (%)

3 (8.3)15 (18.1)Type 1

33 (91.7)66 (79.5)Type 2

0 (0.0)2 (2.4)LADAa

.1233.00 (11.2)18.71 (11.0)Duration of DBMb (years), mean (SD)

.0634 (94.4)65 (78.3)Hypertension, n (%)

.9115 (41.7)32 (38.6)Diabetic retinopathy, n (%)

.7215 (41.7)30 (36.1)Cardiovascular disease, n (%)

.1410 (27.8)12 (14.5)Peripheral vascular disease, n (%)

.5531 (86.1)66 (79.5)Dyslipidemia, n (%)

.414 (11.1)16 (19.3)Depression, n (%)

.51Smoking status, n (%)

24 (66.7)46 (55.0)Nonsmoker

10 (27.8)30 (36.0)Ex-smoker

2 (5.6)7 (8.4)Current smoker

.5828.53 (7.9)29.44 (7.9)BMI (kg/m2), mean (SD)

.26121.09 (50.0)109.58 (49.7)SBPc (mmHg), mean (SD)

.5966.20 (20.1)63.38 (27.2)DBPd (mmHg), mean (SD)

.0688.75 (53.7)108.60 (52.3)Hbe (g/L), mean (SD)

<.00123.89 (12.0)61.17 (22.8)eGFRf (mL/min/1.73 m2), mean (SD)

.697.66 (1.7)7.51 (1.8)HbA1c
g (%), mean (SD)

.253.74 (1.0)4.00 (1.1)TCh (mmol/L), mean (SD)

.541.78 (0.9)1.89 (0.9)LDLi (mmol/L), mean (SD)

.2883.71 (178.06)20.57 (73.27)Urine albumin/creatinine ratio, mean (SD)

.354.15 (13.85)0.28 (1.57)Urine protein/creatinine ratio, mean (SD)

aLADA: latent autoimmune diabetes of adulthood.
bDBM: diabetes mellitus.
cSBP: systolic blood pressure.
dDBP: diastolic blood pressure.
eHb: hemoglobin.
feGFR: estimated glomerular filtration rate.
gHbA1c: glycated hemoglobin.
hTC: total cholesterol.
iLDL: low-density lipoprotein.

Discussion

In our preliminary data, we have shown the proportion of
individuals with diabetes and various stages of CKD. We have
illustrated the clinical and biochemical characteristics of our
patient cohort. With this protocol, we have obtained DNA for

methylation and microbiome analyses and are currently
analyzing these results together with the metabolome of our
patient group. There have been separate studies in the areas of
epigenetics [24], metabolomics [25], and the gut microbiome
[13] that have shown these biomarkers to be potential indicators
of renal dysfunction and markers of renal prognosis. However,
no studies have simultaneously investigated the possible
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combined roles of epigenetics, metabolomics, and gut
microbiome, especially across all stages of chronic kidney
disease in individuals with diabetes.

One of the strengths of this study protocol is the depth of
cross-sectional data across epigenetics, metabolomics, and the
gut microbiome as well as varying biospecimens inclusive of
serum, plasma, buffy coats, urine, and fecal samples, involving
the different stages of kidney disease. This broad scope will
enable a comprehensive investigation of the factors contributing
to and potential for biomarker identification in people with
diabetes-associated CKD. One of the limitations, however, of
this study design is its cross-sectional nature and small sample
size, especially in the late CKD group. Future prospective cohort
designs would necessitate larger sample sizes in each CKD
stage as well as longitudinal data collection.

The significance and clinical value of these potential biomarkers
are in determining whether the specific profiles across the three
domains could help to predict the stages of renal dysfunction,
especially if these are demonstrated to precede the change in
cellular or clinical phenotype. This protocol provides the first
step towards biomarker discovery for future longitudinal studies
that would enable longer-term patient follow-up. Demonstrating
such a change may lead to targeted, individualized patient
treatment and better patient outcomes. There is a paucity of
research exploring the clinical impact of epigenetics,
metabolomics, and the gut microbiome in renal disease. Our
research will generate data relating to epigenomic and
metabolomic analyses, which, together with an understanding
of the kidney-gut microbiome axis, will be a means of
identifying potential novel biomarkers for people with
progressive diabetic CKD.
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Abstract

Background: Currently, no nationwide objective physical activity data exists for children and adolescents living in Germany.
The German Health Interview and Examination Survey for Children and Adolescents (KiGGS) and the Motorik-Modul study
(MoMo) is a national cohort study that has incorporated accelerometers in its most recent data collection wave (wave 2, since
2014). This wave 2 marks the first nationwide collection of objective data on the physical activity of children and adolescents
living in Germany.

Objective: The purpose of this protocol is to describe the methods used in the KiGGS and MoMo study to capture the intensity,
frequency, and duration of physical activity with accelerometers.

Methods: Participants (N=11,003, aged 6 to 31 years) were instructed to wear an ActiGraph GT3X+ or wGT3X-BT accelerometer
laterally on the right hip. Accelerometers were worn on consecutive days during waking hours, including at least 4 valid weekdays
and 1 weekend day (wear time >8 hours) in the evaluation. A nonwear time protocol was also implemented.

Results: Data collection was completed by October 2017. Data harmonization took place in 2018. The first accelerometer results
from this wave were published in 2019, and detailed analyses are ready to be submitted in 2020.

Conclusions: This study protocol provides an overview of technical details and basic choices when using accelerometers in
large-scale epidemiological studies. At the same time, the restrictions imposed by the specified filters and the evaluation routines
must be taken into account.

International Registered Report Identifier (IRRID): DERR1-10.2196/14370

(JMIR Res Protoc 2020;9(7):e14370)   doi:10.2196/14370

KEYWORDS
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Introduction

The health benefits of regularly performed physical activity are
well documented in the public health literature. However,
assessment of the physical activity of children remains difficult

because the energy expenditure of a small active person can be
as high as that of a large inactive person [1-4]. Because children
show more complex but less structured movement behaviors
than adults [3,5], capturing their many spontaneous and
impulsive movements is a great challenge for physical activity

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e14370 | p.515https://www.researchprotocols.org/2020/7/e14370
(page number not for citation purposes)

Burchartz et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:alexander.burchartz@kit.edu
http://dx.doi.org/10.2196/14370
http://www.w3.org/Style/XSL
http://www.renderx.com/


assessment [6]. Currently, questionnaires are still the most
commonly used subjective method to assess physical activity.
One of the greatest advantages of questionnaires is their
versatility. In addition to recording the duration, frequency, and
intensity of physical activity, questionnaire methods can also
be used to collect information about the type of physical activity,
which has only recently become possible with accelerometers.
Furthermore, in the context of large-scale epidemiological or
health science studies, questionnaires are the only feasible
alternative for practical and financial reasons [7]. In contrast,
many empirical studies have already shown that the level of
physical activity subjectively assessed by questionnaires is often
overestimated [7-9]. Especially, the unstructured and irregular
activities in everyday life are difficult to retrieve from memory
correctly. In recent years, accelerometers have been used more
frequently in large-scale studies [10-13] because they have
become more feasible, more accurate, and much more
affordable.

Although accelerometers are being used more frequently, there
is no consensus on the usage of accelerometers for the
assessment of physical activity in nationwide studies in
adolescents or in children [14-16]. Due to the rapid development
in this field and the extremely large amounts of gathered data,
many current studies do not accurately document accelerometer
use in detail (eg, technical details of settings and evaluation)
[16]. This complicates replication and comparison of these
studies because there are only a few representative studies
worldwide [10,17]. Until 2014, no nationwide study had been
performed in Germany in which physical activity was measured
with accelerometers.

The aim of the Motorik-Modul study (MoMo), as part of the
German Health Interview and Examination Survey for Children
and Adolescents (KiGGS), was to establish regular monitoring
of physical fitness and physical activity of children and
adolescents living in Germany and to gain insight into their
determinants and consequences for health outcomes. The MoMo
study was established in 2003 and is based on a cohort-sequence
design; four measurement waves (baseline and waves 1, 2, and
3) were planned from 2003 to 2021. Up to 2014 (baseline and
wave 1), physical activity was assessed solely using a validated
physical activity questionnaire (PAQ) [7]. In KiGGS and MoMo
wave 2, physical activity was additionally assessed by
accelerometers.

The purposes of this study protocol are to explain the challenges
faced when using accelerometers in the MoMo and KiGGS
studies as an example of a large-scale epidemiological study
and to detail the methods and protocols used to capture physical
activity in children and adolescents with accelerometers in
Germany.

Methods

Study Design
KiGGS is part of the German health monitoring system
established by the Robert Koch Institute. The KiGGS research
topics are physical health, mental health, health-related behavior,
health care, prevention, and social and environmental
determinants. The study design and sampling procedure are
described in detail elsewhere [18]. The core KiGGS survey is
supplemented by the MoMo study, an in-depth study to assess
the physical activity and motor performance of children and
adolescents living in Germany that is being conducted by the
Karlsruhe Institute of Technology. MoMo is being carried out
with a subsample of KiGGS participants, as described in [19,20].
The KiGGS team established temporary study centers in 167
sample points all over Germany. Participants aged 0 to 17 years
were randomly chosen from 167 registration offices and invited
for interviews, physical examinations, and laboratory tests. At
the study centers, KiGGS participants were asked if they were
willing to participate in the MoMo study. If they consented, the
interviews and physical examinations for the MoMo study took
place approximately six to eight weeks later.

To date, three assessments have been conducted in KiGGS and
MoMo: baseline (2003-2006; sample sizes: KiGGS n=17,641;
ages: 0 to 17 years; MoMo, n=4528; ages: 4 to 17 years), the
first follow-up (wave 1) between 2009 and 2012 (sample sizes:
KiGGS, n=12,368; ages: 0 to 17 years; MoMo, n=5106; ages:
4 to 23 years), and the second follow-up (wave 2) between 2014
and 2017 (sample sizes: KiGGS, n=15,023; ages: 0 to 17 years;
MoMo, n=5689; ages: 4 to 30 years). Wave 3 of the MoMo
Study is currently underway (2018-2020; compare [19-22]).
For the follow-up surveys (waves 1, 2, and 3), participants in
the baseline survey were reinvited (longitudinal subjects). In
addition, for cross-sectional analysis, a new sample of children
aged 0 to 6 years was drawn in KiGGS wave 1, and in wave 2,
a new sample of participants aged 0 to 17 years was drawn. For
detailed sample sizes, see [19,20]. In KiGGS and MoMo wave
2 (2014-2017), accelerometry was used for the first time in this
study to measure physical activity.

Accelerometer Sample
In KiGGS wave 2, all longitudinal participants aged ≥10 years
(n=6465) were included in the accelerometer sample. In MoMo
wave 2, all cross-sectional participants (n=4538) in the MoMo
wave 2 sample who did not receive an accelerometer in KiGGS
wave 2 were asked to wear one (Figure 1). Thus, a total of
11,003 participants were asked to wear an accelerometer.
Participants who had impairments that prevented them from
wearing an accelerometer were excluded. Participants who
dropped out (did not agree to wear an accelerometer or
experienced technical problems) in the MoMo and KiGGS
studies are listed in Table 1 and Table 2, respectively.
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Figure 1. MoMo study design with the accelerometer sample in wave 2. MoMo: Motorik-Modul.

Table 1. Details of the MoMo study participants asked to wear an accelerometer (N=4538), n (%).

ParticipantsParticipation

2105 (46.4)Agreed to wear an accelerometer

2433 (53.6)Dropped out because they did not agree to wear an accelerometer

1974 (43.5)Downloaded accelerometer records

131 (2.9)Dropped out due to technical problems or did not wear the accelerometer

Table 2. Details of the KiGGS study participants asked to wear an accelerometer (N=6465), n (%).

ParticipantsParticipation

5040 (78.0)Agreed to wear an accelerometer

1425 (22.0)Dropped out because they did not agree to wear an accelerometer

4750 (73.5)Downloaded accelerometer records

426 (6.6)Dropped out due to technical problems or did not wear the accelerometer

Types of Accelerometers
In KiGGS and MoMo wave 2, ActiGraph accelerometers
(models: GT3X+ and wGT3X-BT) were used to enable
comparison with other large-scale European studies [10,13].
The heart rate monitor and Bluetooth wireless interface of each
accelerometer were both deactivated during testing. The
accelerometers were equipped with a tri-axial acceleration sensor
(range: ±6g, sensitivity: 3mg, axes: horizontal right-left (x),
vertical (y), and horizontal front-back (z)); they could record

acceleration data at rates ranging from 30-100 Hertz and store
it in epoch lengths from 1-240 seconds (compare with [23]).
The settings are described in the “Initializing the Devices“
section. The physical dimensions of the devices were
4.6×3.3×1×5 centimeters, their weight was 19 grams, and they
used a rechargeable lithium polymer battery.

Assessment Period and Registration Protocol
MoMo and KiGGS accelerometer data sets were considered
valid with a minimum wear time of 8 hours of recordings on 4
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weekdays and 1 weekend day. These scoring policies are also
consistent with the requirements for inclusion in the
International Children’s Accelerometry Database (ICAD) [24].
Additionally, literature suggests that 4 days is a reasonable
measurement time, thereby reducing the burden on participants
and making it easier for researchers to collect sufficient data
for the formation of recommendations related to general health
guidelines [25-28]. To archive the highest possible number of
valid data sets, the accelerometer should be worn for 7 days (8
days in the MoMo study) following the day of the examination
in the study center. The assessment period of at least seven days
ensured the inclusion of weekdays and weekend days. This
inclusion is recommended due to differences in physical activity
during the week and on weekends [25,29,30].

An additional analysis was planned of data sets with 10 or more
hours of recording on each of the 5-7 days. This analysis was
included because recent studies [30-33] propose the use of
longer accelerometer wear times in hours and days to provide
better estimates of daily activity.

The accelerometer should only be removed at bedtime, during
activities that risk damaging the device (eg, martial arts), or
when the participant is exposed to water (eg, swimming and
showering).

Initializing the Devices: Epoch Length, Sampling
Frequency, and Filter
Each ActiGraph activity monitor was initialized using a
standardized procedure prior to being given to the participant.
The monitors used the latest firmware (v1.9.2. for wGT3X-BT
and v3.2.1 for GT3X+), a unique output filename, and a
sampling frequency of 30 Hz. In research with adults, the
accelerometer signal was processed in epoch lengths of 10-60
seconds. Due to the sporadic activity of children, an epoch
length between 1 and 5 seconds or the shortest possible epoch
length is recommended [16,34-36]. The ActiGraph models used
in the KiGGS and MoMo study store the collected raw data.
Furthermore, the data are downloaded in epoch lengths of 1
second, reducing memory space and enabling faster data
processing afterward. The devices can be used with two different
filters when processing the data: a normal filter and a
low-frequency extension filter (the implementation and

algorithms of the filters are not open to the public). It is known
that the normal filter detects accelerations in a range of 0.25-2.5
Hz [37]. To capture slower movements, the low-frequency
extension filter establishes an unknown lower threshold [23].
While performing physical activity in a vigorous state, the
human body produces accelerations at the hip up to 3.4 Hz
[38,39]. Even higher frequencies were documented in the wrist
when performing physical activity [40,41]. Considering these
limitations, the normal filter was configured to recognize as
many accelerations as possible.

In KiGGS, the device was set up to start measurement at 12:00
AM the day after the examination and to stop the measurement
at midnight after 7 days of recording. A pilot study prior to data
collection in MoMo revealed that many participants were
confused by the standard “no flashing” mode of the ActiGraph
device while recording. Therefore, “flash mode,” in which the
device showed a green flashing light-emitting diode (LED),
was activated during recording. In MoMo, the device was
programmed to start at 12:00 AM on the day the participants
underwent their motor performance tests to avoid the “no
flashing” confusion noted above. The measurement stopped at
midnight after 8 days of recording. In the MoMo study, the
recordings of the first day were not considered for data analysis
because the participants received the devices at different times
throughout the day depending on the initial timing of their
examination. Additionally, the first day served as an adaptation
period for the participants.

Placement of the Device
In KiGGS and MoMo, the device was placed laterally on top
of the right anterior superior iliac spine with the closure on top,
then secured with an elastic belt (see Figure 2). Compared to
wrist attachment of the device, the hip monitor placement
provides better acceleration detection due to the limited
frequency range of the normal ActiGraph filter. The higher
movement frequencies at the wrist would be out of the range
of that filter. Moreover, most cut points for intensity estimation
are validated with the device placed on the hip [16,41-43], and
it is the most common carrying position for accelerometers [44].
More importantly, studies show more accurate classification of
intensities when the device is placed on the hip than on the wrist
[16,41,42,45,46].
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Figure 2. Participant wearing an accelerometer device on top of the right anterior superior iliac spine.

Nonwear Time Protocol (Logbook)
The accelerometer can only capture accelerations when it is
worn; therefore, detailed information about the type of activity
and the reasons for not wearing the devices is needed for
complete understanding of the assessed physical activity.
Therefore, participants were asked to complete a nonwear time
protocol (see Figure 3). The combination of self-reports and

device-based measures enables better understanding of physical
activity behavior [47]. When both self-reported and device-based
measured physical activity assessments are available, it is also
possible to cross-validate the nonwear time calculated by the
algorithms and the self-reported nonwear time. With information
about the reasons for not wearing the device, statistics can be
created for activities that were not captured and adjustment
factors can be calculated.

Figure 3. Sample MoMo wear-time-protocol (translated).

Transfer and Return of the Devices
Trained study assistants at the study centers distributed the
devices. The participants chose the appropriate belt size and
were shown how to wear the device correctly. Important aspects
of wearing the accelerometer (placement, wear times, and return
of the device) were summarized in an information sheet that
was provided to the participants. At the end of the measurement
period, the device, belt, and protocol were returned by mail.
Therefore, an addressed and stamped envelope was provided
to the participants. A follow-up protocol was implemented by
telephone if the devices were not returned after 2 weeks.

Data Download and Preparation
After receiving the devices, the data were downloaded as gt3x
files using ActiLife Version 6.13.3 software (ActiGraph). The
MoMo team marked all data sets with less than 4+1 days of

wear time as invalid. In addition, ActiGraphData (AGD) files
with data for all 3 axes and an epoch length of 1 second were
created for data analysis. These data sets (1 second epoch length)
can be converted into data sets with other epoch lengths, which
enables comparison with studies using different data analysis
protocols [42,43,48-52]. This is a faster way of processing the
data than converting the raw data files (*.gt3x) to data files
(*.agd) with different epoch lengths. Additionally, the time
saved during the calculation is enormous when analyzing large
data sets of several thousand participants. The resulting data
sets would be the same. The gt3x files were stored separately
to allow more in-depth analysis of the raw data after the planned
evaluations (eg, with the GGIR software package [53]).
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Planned Data Processing
To ensure comparability with studies already included in the
ICAD [24], we decided to conduct the analysis using the
ActiGraph “count” system first. Before data analysis, data
regarding nonwear time must be preprocessed. Therefore, the
wear time values from the nonwear time protocols were
compared with the calculated values of different nonwear time
algorithms. The algorithms invented by Choi [51] and Troiano
[52] were considered for the determination of wear time in this
study. The Choi algorithm using a 90-minute window (±30
minutes) for capturing nonwear time was found to be the most
practical because there is no need for 24-hour recording and the
other nonwear time algorithms with a 60-minute window found
too many incorrectly classified nonwear times [54].

Additionally, the nonwear time as identified by Choi is
independent of the used epoch length [55].

Different cut points for physical activity intensity classification
were calibrated for different epoch lengths. The most frequently
used cut points were based on 1-second [42,48], on 15-second
[43,49], or on 60-second [50,56] epochs. In our analysis,
different cut points for intensity classification will be used for
different age groups because the age range of the study sample
includes children, adolescents, and adults (6-27 years). The cut
points from Evenson [49] for participants aged 6 to 8 years,
Hänggi [42] for participants aged 9 to 11 years, Romanzini [43]
for participants aged 12 to 19 years, and Sasaki [48] for adult
participants are currently under consideration. A summary of
the accelerometer data processing criteria (suggested by
Migueles et al [16], 2017) can be found in Table 3.

Table 3. List of accelerometer data processing criteria in KiGGS and MoMo (suggested by Migueles et al [16]).

Definition in this studyAccelerometer data processing criterion

Laterally on top of the right anterior superior iliac spinePlacement of the device

30 hertzSampling frequency

Normal ActiGraph GT3X filterFilter

1 second with possibility to convert to 5, 10, 15, 30, and 60 secondsEpoch lengths

Choi et al 2011 [51]: 90-minute time window for consecutive zero/nonzero counts;
allowance of 2-minute intervals of nonzero counts with an up/downstream 30-minute
consecutive zero counts window

Nonwear time definition

8 hours of recording on at least four weekdays and one additional weekend dayValid days/valid weeks

6-27 years (children, adolescents, and young adults)Population age range

6-8 years: Evenson et al 2008 [49]

9-11 years: Hängii et al 2013 [42]

12-18 years: Romanzini et al 2014 [43]

Young adults: Sasaki et al 2011 [48]

Sedentary and physical activity intensity classification and

cut point algorithmsa

aTo be determined; definitions listed are under consideration.

Results

Data collection was completed in October 2017, and data
harmonization was performed in 2018. The first accelerometer
results from this wave were published in 2019 [57-59]. Detailed
analyses are ready to be submitted in 2020.

First, data analysis should focus on gender and age differences
of daily physical activity levels as well as compliance with the
physical activity recommendations by the World Health
Organization (WHO). Furthermore, we plan to perform in-depth
analysis of the associations between physical activity and
different health-related parameters (eg, obesity) and
socioeconomic parameters (eg, education) by considering
various data mining methods. This includes investigation of
crosslinks and trends between questionnaires and device-based
collected activity data (eg, physical activity differences between
groups in both data sets).

Discussion

Summary
Currently, there are different concepts of collecting and
processing accelerometer data for the assessment of physical
activity among children and adolescents [16]. Many studies do
not provide detailed descriptions of their data collection and
data handling processes. This complicates replication of and
comparability between studies. Therefore, the purposes of this
study protocol were to explain the challenges faced when using
accelerometers in the MoMo and KiGGS studies as an example
of a large-scale epidemiological study and to detail the methods
and protocols used to capture physical activity in children and
adolescents with accelerometers in Germany.

Strengths
This study protocol provides an extensive list of considerations
for measuring physical activity and sedentary behavior by
accelerometry in a large sample. These include technical details
of the device used and the reasoning behind the device choice,
the reasoning behind the a priori data collection proceedings
(assessment period and registration protocol, device
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initialization, device placement, nonwear time protocol), and
the data processing methods. Furthermore, thoughts on
feasibility issues (transfer and return of the devices, data
download and preparation) are provided. Researchers planning
similar studies are given all the information needed for
replication. This enables comparability to other large European
studies such as the European Youth Heart Study [10] and the
Healthy Lifestyle in Europe by Nutrition in Adolescence
(HELENA) Study [13,36,60] due to similarities in methodology.

A multimodal approach of using self-reports and accelerometers
is recommended [61] and can combine the advantages of the
different methods (eg, precision and breadth of detection)
because no single procedure provides optimal detection in all
situations. The MoMo-PAQ was developed to measure habitual
physical activity in general, while the current physical activity
was measured by accelerometers over 1 week. Combining these
two methods of assessing physical activity provides the
opportunity to present a more comprehensive picture of the
actual participant’s physical activity and can provide a basis for
planning health-enhancing physical activity programs for
specific target groups.

Challenges
Although ActiGraph accelerometers are being used in many
studies to record physical activity, there are technical issues
associated with these devices; therefore, their limitations must
be considered. The usage of the normal ActiGraph filter removes
signals with a frequency greater than 2.5 Hz. However, while
performing vigorous physical activity, the human body produces
accelerations at the hip up to a frequency of 3.4 Hz [38,39]. Due
to this limitation, activities with higher movement frequencies
(ie, in the vigorous activity spectrum) may not be assessed
correctly. In the context of MoMo and KiGGS, this will not be
an issue because all activities in this frequency range will be
classified as vigorous, and more detailed investigations are
currently not planned. However, evaluating physical activity
based on raw data is recommended for unbiased data processing
that conforms to the open science approach. This requires more
complex and advanced algorithms and evaluation methods. The
first applied analysis will resort to a comparable evaluation with
counts; however, future discussions on this topic are needed
[62,63], and complex data analysis methods must be adapted.

Although unstructured and irregular everyday activities are
recorded more accurately by accelerometers than by
questionnaires, there are still improvements to be made. Devices
can only measure physical activity when they are worn.
Therefore, physical activity that occurs during nonwear time is
not included in the data sets. This creates a need for methods
that include additional information from these nonwear times,
such as a nonwear time protocol that adjusts for the missing
physical activity.

Taking into account the wide range of ages in the sample,
different cut points and epoch lengths are suitable for the data
in this study; however, calibration studies for such a broad
sample do not exist. This leads to issues with accuracy of the
data when only using one calibration study or to comparability
issues within the sample when using multiple calibration studies
for different subsets of the sample.

Implications and Perspectives
For future waves of data collection, the nonwear time protocol
should be improved. The frequency of reasons for nonwear must
be analyzed so that the wearing instructions can be refined. This
could potentially increase the wear time of the devices.
Furthermore, the nonwear time protocol should assess the
intensities of physical activity more precisely during nonwear
times. This would lead to a more complete assessment of all
occurring physical activity, and more detailed feedback could
be given to the participants. Future studies should examine the
accuracy of different algorithms for detecting nonwear times
for different age groups [16]. The impact of different thresholds
for physical activity intensity classification and of choosing the
right epoch length for the target population based on age will
be of interest as long as proprietary counts are used. Therefore,
it is recommended to analyze multiple implemented cut point
algorithms and identify the one that best fits the sample at hand.

Both methods of assessing physical activity should be compared
between different target groups. Moreover, the adherence to
physical activity recommendations by the WHO should be
examined.

Conclusion
This study protocol will help researchers obtain an overview of
the decisions for the methods and protocols used to assess
device-based physical activity in children and adolescents with
accelerometers in Germany.
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Abstract

Background: Individuals are increasingly turning to search engines like Google to obtain health information and access resources.
Analysis of Google search queries offers a novel approach, which is part of the methodological toolkit for infodemiology or
infoveillance researchers, to understanding population health concerns and needs in real time or near-real time. While searches
predominantly have been examined with the Google Trends website tool, newer application programming interfaces (APIs) are
now available to academics to draw a richer landscape of searches. These APIs allow users to write code in languages like Python
to retrieve sample data directly from Google servers.

Objective: The purpose of this paper is to describe a novel protocol to determine the top queries, volume of queries, and the
top sites reached by a population searching on the web for a specific health term. The protocol retrieves Google search data
obtained from three Google APIs: Google Trends, Google Health Trends (also referred to as Flu Trends), and Google Custom
Search.

Methods: Our protocol consisted of four steps: (1) developing a master list of top search queries for an initial search term using
Google Trends, (2) gathering information on relative search volume using Google Health Trends, (3) determining the most popular
sites using Google Custom Search, and (4) calculating estimated total search volume. We tested the protocol following key
procedures at each step and verified its usefulness by examining search traffic on birth control in 2017 in the United States. Two
separate programmers working independently achieved similar results with insignificant variation due to sample variability.

Results: We successfully tested the methodology on the initial search term birth control. We identified top search queries for
birth control, of which birth control pill was the most popular and obtained the relative and estimated total search volume for
the top queries: relative search volume was 0.54 for the pill, corresponding to an estimated 9.3-10.7 million searches. We used
the estimates of the proportion of search activity for the top queries to arrive at a generated list of the most popular websites: for
the pill, the Planned Parenthood website was the top site.

Conclusions: The proposed methodological framework demonstrates how to retrieve Google query data from multiple Google
APIs and provides thorough documentation required to systematically identify search queries and websites, as well as estimate
relative and total search volume of queries in real time or near-real time in specific locations and time periods. Although the
protocol needs further testing, it allows researchers to replicate the steps and shows promise in advancing our understanding of
population-level health concerns.
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Introduction

Individuals in the United States seeking health information
online turn to search engines first. According to a 2012 Pew
Internet & American Life survey, 83% of users identified
Google as their main search engine [1]. Health questions and
concerns are frequently of a sensitive nature, so queries people
type privately into a search engine can provide insight about
their true health concerns, especially those that they may not
be comfortable sharing with their clinician or a research survey.
Stephens-Davidowitz has found that these types of searches
often capture what people actually “do, think, or want” because
people reveal “some very personal things” in constructing their
Google queries [2].

The most popular tool for analyzing and aggregating patterns
of search data is Google Trends, a public website that has
provided real-time and archived data on Google queries by users
since 2004 [3]. It has been used to study online behavior on
diverse health topics, such as early detection of influenza
epidemics [4-6], pertussis outbreak monitoring [7], asthma
monitoring [8], and cancer detection [9,10]. The tool has also
been used to study public interest in cancer [11,12], suicide
assessment [13,14], depression-related information seeking
[15], lifestyle-disease surveillance [16], bariatric surgery [17],
herpes zoster vaccinations [18], searches for walk-in clinics and
emergency departments [19], obesity-related behavior [20], and
reproductive health [21-26]. Research using this tool has
increased over 20-fold between 2009 and 2018 [27].

From a methodological standpoint, Google Trends has been
used to measure web-based interest and variations of this interest
over time [7,18,21,28], assess correlations between search
queries with other data sources to inform public health and
policy [9,26], and to forecast disease occurrence and outbreaks
[4,6,29-31]. These applications fall within the emerging field
of infodemiology. As first described by Eysenbach,
infodemiology is “the science of distribution and determinants
of information in an electronic medium, specifically the internet,
or in a population, with the ultimate aim to inform public health
and public policy” [32]. A related term, infoveillance, has been
used where infodemiology methods are employed for
surveillance.

While infodemiology was first used to analyze the quality of
information on websites (ie, supply side), the scope has
expanded to include what people need and their health-seeking
behavior (ie, demand side). According to Eysenbach, analyses
of information supply and demand both require new methods
to measure the epidemiology of information and to examine the
relationships between information supply and/or demand and
population health [33].

Although Google Trends is an easily accessible tool for
analyzing large population search queries, there is no consensus
on how to retrieve, organize, and code queries. Researchers
have applied inconsistent methodologies when using this tool
and interpreting search data, which sometimes has led to

questionable or invalid findings and problems with replicability
and comparability across studies [34,35]. In response to these
shortcomings, Mavragani and Ochoa [35] recently proposed a
concise step-by-step methodological framework that describes
how to select the appropriate keyword, region, time period, and
category for analysis of search queries to ensure the validity of
health assessments with the web-based Google Trends tool.
This framework, if used appropriately by researchers, should
prove useful to ascertain more uniformity and comparability
across studies and further our insight into human behavior.

Less noted is that Google data is also available through Google
application programming interfaces (APIs). Multimedia
Appendix 1 compares the Google Trends website and the API
and illustrates their similarities and differences through an
example. The Google Trends API can be used as a first step to
identify top queries or search terms, and the API can be used
in combination with two other Google APIs—Google Health
Trends API and the Custom Search API—to extend the
researcher’s understanding of search behaviors. The reason to
combine APIs is that although the Google Trends website gives
insight into search query volume, the additional APIs are needed
to relate search intent to individual websites. All three APIs
allow users to write code in a programming language such as
Python to retrieve sample data directly from Google servers.
However, access to the Google Trends API and Health Trends
API is restricted to researchers and requires an application to
Google.

This article aims at documenting and illustrating a novel protocol
for the use of three Google APIs to determine search query
volume and individual websites reached by a given population
searching using a health-related search term. This protocol is
not the only one enabled by these APIs but is appropriate for
the stated aim. We draw on examples from our study, which
seeks to examine insights obtained from aggregated search
queries related to the prevention of pregnancy. Analyses of
queries related to birth control are relevant for policy and
programmatic efforts because public funding and access to birth
control are increasingly under attack in the United States [36].
As access becomes more restrictive, use of the web may become
more important in decision making about family planning.

Since there are no accepted methodological standards for the
use of Google APIs in academic research, our paper contributes
to the systematization of an approach to combining APIs. The
proposed methodology allows for a fuller picture of the volume
and content of searches we are exploring through the
examination of top topics and queries, relative search volume
(RSV), top websites visited when searching for these top queries,
and estimated volume of searches. The use of multiple APIs
also provides multiple methods to estimate key values, ensuring
the data obtained are accurate and reliable.
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Methods

Overview
We obtain key pieces of Google search data by using three
Google APIs. Google Trends provides the top search topics and
top search queries given an initial search term for a specified
time period and location. Google Health Trends generates the
RSV for a list of top queries in a specific region and time period.
Finally, Google Custom Search provides the list of top websites
that people who search using a given initial search term are
shown when using the Google search engine. Custom Search
gives results at the time of accessing the API, and these results
can be specified at the national level.

The Google Health Trends API, previously known as Google
Flu Trends, gives normalized RSV across a set of search queries,
allowing for more in-depth analysis of the relationships between
queries. This RSV refers to the proportion of searches for a
specific query as compared to the sum total of searches for a
set of queries, and thus differs from the relative search index
given by Google Trends, which gives search interest relative to
all searches during the specified period of time. Although this
proprietary tool is not available via the Google Trends website,
it offers benefits to the researcher by providing a clearly defined
metric to understand and interpret RSV.

We show that the RSV provided by Google Health Trends can
be combined with another trusted data source to estimate total
search volume. RSV can also inform estimates of proportions
of searches to a given site. To gather information on the top
websites displayed on the Google search engine for a specific
search term or topic of interest, we can access data through the
Custom Search API. Because Custom Search gives results at
the time of API access, researchers should plan accordingly and
prepare to take regular samples of top sites during the time

period of interest. This list of top sites is for the entire country.
Evidence shows that the selection, sorting, and ranking criteria
of search engines influence online health-information seeking
[37]. Custom Search data allow for analysis of content and
quality of information that people get online. Thus, while the
Google Trends website can determine what information people
search for, it cannot determine what information they find.
Hence, working with the three APIs enables a more
comprehensive analysis than could be completed by using only
the Google Trends website.

We developed a simulation protocol that consisted of four steps:
identifying a list of search queries for the topics of interest,
obtaining RSV, determining top sites for top search queries,
and calculating estimated total search volume. We describe
these fully in Tables 1-5. We tested the protocol to examine the
top queries for birth control in the United States in 2017 and
created visualizations for each step. We used Python, version
2.7.13 (Python Software Foundation), for all of the API calls.
Examples of the Python commands used are shown in Figures
MA2-1 to MA2-7 in Multimedia Appendix 2. Multimedia
Appendix 3 contains the documentation of the Python package
Graphviz [38] and the APIs used.

Step 1: Developing a List of Search Queries
In the first step, we used the getTopQueries function to get the
queries most associated with the initial topic of interest during
a researcher-specified time period in a researcher-specified
geographic region. The getTopQueries function can also gather
the queries most associated with the previously obtained top
queries, referred to as follow-up queries. Top queries are
displayed in a graph that illustrates the relationship between
queries. More details of the step-by-step procedures carried out
are shown in Table 1. Figures 1 and 2 show intermediary Steps
1.3 and 1.5 of the protocol.

JMIR Res Protoc 2020 | vol. 9 | iss. 7 | e16543 | p.528https://www.researchprotocols.org/2020/7/e16543
(page number not for citation purposes)

Zepecki et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. Developing a list of top search queries.

DescriptionStep

Begin with a list of regions to explore and a single, broad, initial search term, such as birth control.1.1

For each region, make a request to Google Trends’ getTopTopics function to obtain the most searched-for topics for a specific initial search
term. The function will return a list of topics that term is most closely related to as well as a value from 0 to 100 that denotes how strongly
linked the topic is to the initial term: 100 is the most closely associated and 0 is the least. This list of top topics serves only to validate the
top queries by examining similarities between the top topics and top queries.

1.2

Next, make a call to Google Trends’ getTopQueries function to get a list of the search queries most related to the initial search term in Step
1.1 for a given region, such as the United States. Each response from the getTopQueries method contains a title, or query, and a value attribute,
which is a number from 0 to 100 and represents how related the query is to the provided initial search term in the United States: 100 is the
most associated and 0 is the least. The data are presented in the form of a JSON (JavaScript Object Notation)-encoded mapping (see Figure
MA2-1 in Multimedia Appendix 2), which can easily be converted into a graph via Python or exported to a CSV (Comma-Separated Values)
file. If there are other regions of interest (eg, US states), this step must be repeated for all other regions. Each region will have a final list
variable that stores all the top queries for that region. Once all final lists are generated for all regions of interest, they will be combined to
create a master list that includes the top queries for every region of interest (Figure 1 shows an example). Figure MA2-2 in Multimedia
Appendix 2 shows a snippet of the Python code.

1.3

For every query generated in Step 1.3, send a request to getTopQueries to obtain follow-up terms. Only queries with a value attribute greater
than or equal to 70, as this indicates a high level of correlation between the terms, is added to our follow-up queries list. Irrelevant searches
relating to pop culture should be manually filtered from results. Step 1.4 should be recursively executed—the follow-up queries become
the base set at each iteration—until no new queries can be added to the base set. During this step, how each query is related to each other
(ie, how a query ended up in our set of queries) should be recorded. This step is terminated when requests to getTopQueries do not return
unique queries that have not already been received in the simulation for this region.

1.4

Then, generate a graph using the Graphviz package for Python 2.7 [38] that illustrates how the search queries in the final list and the follow-
up queries list are related to one another. As shown in Figure 2, every node in the graph is a search query, and those in the first level will
be included in the final list of search queries for the simulation. If a node is encapsulated by a double circle, then this represents an overar-
ching topic coded for internal organizational purposes within the Google application programming interface (API) and is not included in
the final list or follow-up queries. Every direct edge (arrow) in the graph represents a relationship between two search queries (nodes) in
the graph. Note that with the current cutoff value of 70 in Step 1.4, there may be other intermediate terms in the graph not captured. Figure
MA2-3 in Multimedia Appendix 2 shows the Python function used.

1.5

Figure 1. Creation of a master list as visualized in Python for birth control in the United States, Mississippi, and Louisiana in 2017.
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Figure 2. Top queries for birth control in the United States in 2017. Single circles in the graph represent search queries, whereas a double circle indicates
an overarching topic coded for internal organizational purposes within the Google application programming interface (API) and is not included in the
list of top queries. Numbers in parentheses indicate how relation of query to the provided initial search term. iud: intrauterine device.

Step 2: Gathering Information on Search Volume
In the second step, the getTimelinesForHealth function in the
Google Health Trends API gives the RSV for the top search
queries generated in the previous step. All values generated are

relative: the API gives the relative frequency of a specific term
as compared to the other terms in the master list for a specific
region during a specified period of time. More step-by-step
details are shown in Table 2. Figure 3 illustrates the normalized
RSV as described in the intermediary Step 2.3.

Table 2. Gathering information on search volume.

DescriptionStep

For each region, for every term in the master list, send a request to the getTimelinesForHealth function from the Google Health Trends ap-
plication programming interface (API) to obtain relative search volume. Figure MA2-4 in Multimedia Appendix 2 shows an example of the
API call in Python.

2.1

The process in Step 2.1 should be repeated 30 times to minimize error. We take the average of the 30 samples of relative search volumes,
which represents the estimated search volume for a given term with the date and location restrictions provided. Figure MA2-5 in Multimedia
Appendix 2 shows a sample response of relative search volumes given by the getTimelinesForHealth function in the United States.

2.2

To compare across regions, normalize the values for each region by dividing each term’s value with the aggregate search volume for the
region. Before normalization, the value returned is skewed and does not take into account parameters such as geographical size differences.
The normalized value will range from 0 to 1. The total sum of all values of the set of queries is 1 after normalization. The value from 0 to
1 allows for understanding of the relative search frequency within search queries. These data can then be used to define search frequencies
for each term (see Figure 3). The normalization function used in this study is found in Figure MA2-6 in Multimedia Appendix 2.

2.3
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Figure 3. Relative search volume for birth control in the United States in 2017. IUD: intrauterine device.

Step 3: Determining the Most Popular Sites
In the third step, we send a request to the Google Custom Search
API for each query in the master list to obtain a list of ranked
top websites as they appear on the Google search engine results
(see Table 3). A study from Chitika [39] demonstrated that the
first 10 sites in the search results receive about 95% of the traffic
or more, prompting us to only consider the first page of sites
returned in the search results. According to the Chitika study,
the probabilities of someone clicking on the first, second, and
third sites are 0.35, 0.20, and 0.15, respectively; the probabilities

of someone clicking on the fourth and fifth sites are 0.08 and
0.07, respectively. The probabilities keep decreasing, such that
the probability of someone clicking on any site following the
ninth site is 0.01. The Chitika frequencies for site rankings, the
Custom Search API rankings, and the RSV for the query can
be used to calculate the estimated proportion of site visits at the
time of API access. The call to the Custom Search API is
outlined in Figure MA2-7 in Multimedia Appendix 2. An
example of this step, involving the term birth control pills and
the top five sites visited [40-44], is illustrated in Table 4 in the
Results section.
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Table 3. Determining the most popular sites.

DescriptionStep

Use the master list generated in Step 1: Developing a List of Search Queries and send a request to the Google Custom Search application
programming interface (API) for every term in the master list. This API returns a list of ranked top websites as they appear on the Google
search engine results.

3.1

Use the frequencies for site rankings, the Custom Search API rankings, and the relative search volume for the query to calculate the estimated
proportion of site visits. For example, as shown in Table 4, the top site for the term birth control pills in the United States is the birth control
pill webpage on the Planned Parenthood website [40]. The relative search volume for birth control pills in the United States in 2017 is 0.54,
and the probability of someone clicking on the first site returned on the Google search engine is 0.35. Thus, the estimated proportion of site
visits to Planned Parenthood is 0.19.

3.2

Table 4. Top five sites visited for birth control pill searches in the United States in August 2018.

WebpageWebsiteSite ranking

Birth control pillPlanned Parenthood [40]1

Birth control pillsWebMD [41]2

Combined oral contraceptive pillWikipedia [42]3

Birth control pillsBirthControl.com [43]4

Birth control pills: Are they right for you?Healthline [44]5

Step 4: Calculating Estimated Total Search Volume
Google does not provide total search volumes. We overcome
this limitation by using actual volume on searches to a concrete
website as the baseline for calculating estimated total search
volume corresponding to the RSV for the top search queries
obtained from the Health Trends API. We worked with Planned
Parenthood Federation of America (PPFA) to obtain the number
of searches that led to their website, as this is the most popular
website for reproductive health information that people access
in the United States. PPFA works with Vector Media to collect
analytics on the number of visitors to their site. A search is
defined as a user typing in a query in a search engine and then
being directed to the search engine’s results [45]. All of the data
on searches that we obtained are, thus, the result of a user
entering in a query regarding a particular initial search term in
the Google search engine, which then leads them to the Planned
Parenthood website. Slightly different processes must be used
when the search query that directly relates to the site that the
search data comes from is not present in the list of top queries.
Estimated total search volume should be presented as a range
that includes an upper bound determined by the lowest
association of the top queries obtained. This assumes that there
may be queries with lower associations that are not returned by
the API. We show an example in the Results section.

Results

Step 1: Developing a List of Search Queries
We follow Step 1 of our procedure to gain information on the
top queries for birth control in the United States in 2017. As
shown in Figure 2, the most popular query was for birth control
pills, followed in order of popularity by the shot, often searched
for by its medical term Depo Provera and its effects; the implant;

male birth control; and the intrauterine device (IUD). Queries
for the IUD were predominantly for the copper IUD.

Step 2: Gathering Information on Search Volume
We then use our findings in Step 1 to complete Step 2 of the
protocol: determining the RSV of the top queries. Figure 3
shows, for instance, that in the United States in 2017, the pill
(RSV=0.54) was searched for 4.5 times more than the implant
(RSV=0.12) and 5.4 times more than male birth control
(RSV=0.04).

Step 3: Determining the Most Popular Sites
We follow Step 3 of the protocol to obtain information on top
sites. We chose one top query, birth control pills, as an example
to demonstrate; however, to gain a full picture of top sites
viewed, it is important to carry out this step for all top queries
(see Table 4).

Step 4: Calculating the Estimated Total Search Volume
We estimate that the total number of searches for birth control
in 2017 fell within the following ranges for the United States:
17,171,784-19,747,552 searches. These values were calculated
using the formula outlined in Table 5. Planned Parenthood is
not a top search query for the term birth control, but as we found
out, it is a top search query for abortion. By obtaining the RSV
of birth control as compared to abortion, we were able to obtain
the estimated total search volume for birth control and then
applied the RSV weights to obtain estimated total search volume
for the top queries. Because the top queries do not account for
all queries searched for—evidenced by the association values
presented in Figure 3—we calculated an upper bound of 15%
that we include in our estimates. Figure 4 shows the estimated
total search volume for each of the top search queries for birth
control in the United States in 2017 based on the RSV weights
for the top birth control methods.
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Table 5. Calculations for estimated total search volume for birth control in the United States.

ValueSearch item measure

12,393,960Total number of searches for abortion from Planned Parenthood

0.4192RSVa for abortion

0.5808RSV for birth control

29,565,744bEstimated total number of searches overall

17,171,784cEstimated total number of searches for birth control

aRSV: relative search volume.
b0.4192 (RSV for abortion)x = 12,393,960 (total number of searches for abortion from Planned Parenthood); x = 29,565,744.
c0.5808 (RSV for birth control) × 29,565,744 (estimated total number of searches overall) = 17,171,784.

Figure 4. Estimated total search volume (range) and relative search volume (within parentheses) for birth control in the United States in 2017. IUD:
intrauterine device.

Discussion

Principal Findings
Google Trends has become a popular tool for analyzing search
traffic on health. It has been used by researchers to measure
general web-based interest, examine policy-related issues, get
insights into health behavior, and to monitor and predict
health-related events [27,29]. However, it has been used
inconsistently due to a lack of consensus on how to document
Google search engine queries in academic research. This leaves
room for methodological development. In this article, we show
that Google Trends data, when retrieved from the Google Trends
API, offers more versatile analytic capabilities than the data
from the Google Trends website and offers the benefit of
incorporating other APIs to extend insight into search-traffic
behavior.

The proposed protocol—empirically tested with birth control
as the key initial search term—is capable of addressing
important questions about Google search traffic and search
interest. By following four distinct steps using three Google

APIs, we are able to identify top search queries and websites
as well as estimate relative and total search volume of queries
in real time or near-real time in specified locations and time
periods. The use of multiple APIs also provides multiple
methods to obtain key values, ensuring the data obtained are
accurate and reliable.

Our methodology is robust insofar as it is well documented and
avoids inserting any personal bias into the process of
determining top search queries, since all top queries are given
by the API. In addition, we are able to provide a novel solution
to the current limitation of Google data, which, for privacy
concerns, does not provide the absolute volume of searches.
Prior studies proposed an approach to calculating total estimated
search volume [25], but this approach is no longer replicable
given the constant updates Google makes to its technologies.

The thorough documentation provided to apply the proposed
protocol will allow researchers to replicate the methods used
to further the understanding of population interest in health
issues. The protocol can be applied to compare state-level
searches to those at the national level and to explore changes
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in search traffic over time. It can easily be applied to other initial
search terms; in our own exploration, we found that in the
United States, people who searched for family planning instead
of birth control were searching for traditional or natural family
planning methods based on fertility awareness. Additionally,
our protocol can be utilized at the zip code–based Nielsen
Demographic Marketing Area (DMA) level, which is the
smallest geolocation level that Google reports on and is available
for each state. However, to protect user privacy, Google does
not report data below a certain unknown threshold, so data may
be unavailable for some DMAs.

Google data can provide essential context to administrators,
health care professionals, and academics. Top queries show
varying interest in health topics as well as products and services
by location, thus allowing health care providers to tailor services
and information available at clinics and local practices to the
questions people are asking. RSV provides context on how
search interest compares by location, thus allowing one to focus
on what resources are most desired or sought out. Top websites
are crucial information for researchers, as they give a direct
picture of what searchers are finding when they seek
information. This data can provide insight as to why
misinformation may spread or what organizations are having
the greatest influence in sharing their beliefs, products, and
services with potential patients and/or consumers. Finally,
estimated total search volume allows professionals to know the
amount of the population that may be seeking access to
resources or information on the resources in question. More
broadly speaking, this data gives interested stakeholders
understanding of the changing health care landscape and
identifies key concerns of potential patients and clients. Trends
in search data over time may reveal the impact of administrative
revisions and/or decisions made at the state or national level.

Limitations
The results that our protocol can achieve must be tempered by
the limitations of the data and the data sources. Google Trends

reports on the top related and rising queries, as well as the top
related and rising topics, but does not provide a list of all queries
searched for. Thus, although the list of top queries is a
comprehensive list of the most popular queries that users search
for, it does not include every single query searched for relating
to a particular initial search term. Similarly, the RSV is only
relative to the other queries in our final list and does not include
other queries that were not a part of the list of top queries.
Furthermore, we are not able to identify the number of unique
users or their individual characteristics.

For most popular sites, we were unable to identify the key
websites at the state level or request a specified time period. To
overcome this limitation, one could import another source of
data, such as a Google Consumer Survey (GCS) run at the state
level. GCS is a tool that allows for online, customized market
research and can be used to survey internet users about their
preferred websites that they seek for specific queries [46]. The
values obtained from these responses could additionally be used
as anchor points for calculating total volume of searches.

Clearly, we require more studies to assess the value and validity
of the proposed methodology. Temporal changes in the interface
and capabilities of Google data pose challenges to the research
community because researchers cannot build on nonspecific,
nonreplicable, and discontinued methodologies. Hence, the
proposed methodology will necessarily evolve as Google
continues to make changes. In June 2019, Google made
additional changes to the Google Trends API that had an effect
on the getTopQueries function, resulting in a broader list of top
queries than when our study data were retrieved. Future studies
may integrate Google searches and other sources of online big
data with machine learning models to track health topics [47].

Conclusions
The combination of Google APIs suggested in the proposed
methodological framework offers a novel approach to analysis
of Google health queries, expanding the tools available to gain
insight into health assessments.
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Abstract

Background: Antibodies to blood stages protective against complications of Plasmodium falciparum infection were found to
be of immunoglobulin G 1 (IgG1) and IgG3 subclasses and of high affinity to the target epitopes. These target epitopes cannot
be characterized using recombinant antigens because of a lack of appropriate glycosylation, phosphorylation, methylation, and
bisulfide bond formation, which determine the structure of conformational and nonlinear epitopes within the tertiary and quaternary
structures of native P. falciparum antigens.

Objective: This study aims to develop a method for the comprehensive detection of all P. falciparum schizont antigens, eliciting
a protective immune response.

Methods: Purified parasitophorous vacuole membrane–enclosed merozoite structures (PEMSs) containing native schizont
antigens are initially generated, separated by two-dimensional (2D) gel electrophoresis and blotted onto nitrocellulose. Antigens
eliciting a protective antibody response are visualized by incubation with sera from patients with clinical immunity. This is
followed by the elution of low-affinity antibodies with urea and detection of protective antibody responses by incubation with
anti-IgG1 and anti-IgG3 antibodies, which were conjugated to horseradish peroxidase. This is followed by visualization with a
color reaction. Blot signals are normalized by relating to the intensity of blot staining with a reference antibody and housekeeping
antigens. Results are corrected for intensity of exposure by the relation of antibody responses to global P. falciparum antibody
titers. Antigens eliciting the protective responses are identified as immunorelevant from the comparison of spot positions, indicating
high-affinity IgG1 or IgG3 responses on the western blot, which is unique to or consistently more intensive in clinically immune
individuals compared with nonimmune individuals. The results obtained are validated by using affinity chromatography.

Results: Another group previously applied 2D western blotting to analyze antibody responses to P. falciparum. The sera of
patients allowed the detection of 42 antigenic spots on the 2D immunoblot. The spots detected were excised and subjected to
mass spectrometry for identification. A total of 19 protein spots were successfully identified and corresponded to 13 distinct
proteins. Another group used immunoaffinity chromatography to identify antigens bound by IgGs produced by mice with enhanced
immunity to Plasmodium yoelii. Immunorelevant antigens were isolated and identified by immobilizing immunoglobulin from
immune mice to a Sephadex column and then passing a blood-stage antigen mixture through the column followed by the elution
of specific bound antigens with sodium deoxycholate and the identification of those antigens by western blotting with specific
antibodies.

Conclusions: 2D western blotting using native antigens has the potential to identify antibody responses selective for specific
defined isomeric forms of the same protein, including isoforms (protein species) generated by posttranscriptional modifications
such as phosphorylation, glycosylation, and methylation. The process involved in 2D western blotting enables highly sensitive
detection, high resolution, and preservation of antibody responses during blotting. Validation by immunoaffinity chromatography
can compensate for the antigen loss associated with the blotting process. It has the potential for indirect quantification of protective
antibody responses by enabling quantification of the amount of eluted antibody bound antigens through mass spectrometry.
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Introduction

Analysis of Immune Responses to Native Plasmodium
falciparum Antigens
Previously, the transfer of gamma globulins from immune
Gambian adults to children with Plasmodium falciparum malaria
resulted in a reduction of the parasite count to <1% of the initial
value and a progressive reduction of clinical symptoms [1].
Antigens from a schizont preparation were selectively
precipitated by using an African immune serum [2,3]. This
method did not allow the identification of the antigens, the
immunoglobulin subclasses, or their avidity. This method
allowed visualization of a very limited number of antigen groups
[4]. Immunoglobulin G 3 (IgG3) is the most effective subclass
for activating the complement pathway. It is known to mediate
cell lysis by Fc receptor–bearing monocytes or lymphocytes.
This is particularly important in the context of immunity to P.
falciparum. By their ability to link antigens to monocytes, these
subclasses can stimulate them to produce tumor necrosis factor.
This cytokine induces the production of nitric oxide, which kills
intracellular parasites as part of antibody-dependent cellular
inhibition. The generated nitric oxide is a vasodilator that
prevents cerebral vasospasm, which is significantly involved
in the pathogenesis of cerebral malaria [5]. A shift toward the
production of IgG1 and IgG3 immunoglobulin subclasses is
induced by a T-helper cell 2–mediated immune response
involving increased interleukin-10 production by regulatory
T-cells [6]. IgG1 antibodies have a half-life of 11 to 23 days
versus 7 to 8 days for IgG3 [7]. Antibodies of adults clinically
immune to malaria, which reduced the symptoms of malaria in
children with symptomatic malaria after infusion, were found
to enable antibody-dependent cellular inhibition of P. falciparum
by monocytes, thereby indicating that its activity may be related
to the ability to collaborate with monocytes [8-10]. This
antibody response was directed against trophozoites and
schizonts but not against ring forms. Field studies in French
Guinea, Burkina Faso, Senegal, Ivory Coast, and Thailand found
that IgG3 and IgG1 antibodies were significantly higher in
patients without parasitemia and clinically immune patients
[8,11-15] and were significantly lower in patients with
complicated malaria [16,17]. Focusing on specific antigens,
studies found that in children, the presence of IgG3 against the
C-terminal region of merozoite surface protein (MSP-2) and
glutamate-rich protein (GLURP) was associated with a reduced
incidence of malaria during a 5-month period [18,19]. A recent
systematic review of population-based prospective studies and
population-based treatment to reinfection studies found a limited
number of studies which were restricted to antigens or
components of antigens comprising MSP-119, MSP-1-epidermal
growth factor like domain, MSP-1 Wellcome isolate block-1
protein, MSP-1-BL2, MSP-2, MSP-2 from active case detection,
MSP-3, GLURP, Apical Membrane Antigen-1, and

erythrocyte-binding antigen 175 (EBA-175). The authors
concluded that IgG responses to some, but not all, merozoite
surface antigens were associated with protection against
symptomatic P. falciparum infection in malaria endemic areas
[20]. Progress in the identification of multiple immunoglobulin
subclass responses to native P.falciparum blood-stage antigens
was made by using one-dimensional (1D) sodium dodecyl
sulfate (SDS)–polyacrylamide gel electrophoresis (PAGE) and
immunoblotting [21]. The first group which investigated the
avidity of antiplasmodial antibodies compared the avidity of
immunoglobulin subclass antibodies-as measured by an enzyme
immunoassay-against a detergent-soluble extract of P.
falciparum schizonts in clinically immune Senegalese adults
and semi-immune Amazonian adult patients [22]. Avidity was
determined by using a thiocyanate elution–based enzyme
immunoassay [23-26]. Patients with complicated malaria did
not have lower total IgG, M, A, or E level but lower IgG1, 2,
and 3 subclasses, and the mean avidity index was significantly
lower for IgG1 and 2 subclasses. Most recently, estimations of
the affinity of antibodies in serum have been performed using
new methods based on surface plasmon resonance association,
where dissociation between antigens and antibodies in a
continuous flow can be studied in real time. When the time to
the next clinical episode of malaria from baseline was assessed,
it was found that the 17 individuals with the highest affinity
antibodies (higher than 90% of the other 171 samples) against
MSP2-3D7 had a longer duration to clinical malaria when
compared with individuals with the 10% lowest affinity
antibodies. Immunity appeared to be dependent on antibodies
to conformational, nonlinear epitopes [27,28].

Analysis of Immune Responses to Recombinant
Antigens
P. falciparum has a 23-megabase genome that encodes an
estimated 5268 putative proteins [29]. To enlarge the number
of antigens identifiable and to analyze antibody responses
against all immunologically recognized antigens, the microarray
methodology was used. A microarray immunoassay of 18
recombinant antigens derived from MSP1, 2, and 3 and AMA-1
produced in Escherichia coli–visualized IgG responses in 53
Gambian asymptomatic parasitemic children, 81 children with
clinical malaria, and 55 children without malaria. The analysis
took into account only the presence or absence of specific
antibodies to individual antigens as markers for immune
priming. Antibody titers were not included. No association
between clinical outcome and recognition of an individual
antigen was observed [30]. This limited number of antigens was
soon exceeded by a study using expression vectors encoding
250 P. falciparum proteins. Generated by polymerase chain
reaction (PCR)/recombination cloning, the proteins were
individually expressed with >90% efficiency in E. coli cell-free
in vitro transcription and translation reactions and printed
directly without purification onto microarray slides. The protein
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microarrays were probed with human sera from 1 of 4 groups
that differed in immune status: sterile immunity or no immunity
against an experimental challenge following vaccination with
radiation-attenuated P. falciparum sporozoites, partial immunity
acquired by natural exposure, and no previous exposure to P.
falciparum. A total of 72 immunoreactive proteins were
identified, and 48 were particularly reactive. The average
molecular weight of all P. falciparum proteins in the proteome
is 87 kDa, but the 48 immunodominant antigens averaged nearly
two times larger, presumably reflecting the presence of
additional B-cell epitopes in the larger sequences [31].
Following this study, screening was extended to 23% of the P.
falciparum proteome, including 1204 known and hypothetical
proteins, using sera from people in Mali exposed to seasonal
malaria and monitoring IgG responses to these antigens before
and after the malaria season. Of these, 491 antigens were found
to be reactive with IgG. Of these, 25.2% (124/491) were derived
from sporozoites, 5.5% (27/491) from merozoites, 16.8%
(82/491) from trophozoites, 20.6% (101/491) from gametocytes,
and 31.9% (157/491) from unknown origin. A total of 40%
(196/491) of the immunogenic proteins were expressed in the
membrane of the parasite or host erythrocytes. A comparison
of antibody profiles of children who did not experience malaria
(despite at least one positive blood smear) with those who
experienced ≥1 malaria episode during the 8-month study period
showed that in the 12 protected children, antibody levels were
significantly higher than in the 29 unprotected children for 49
proteins, and in a subsequent study, 107 proteins were associated
with a protective antibody response [32-36].

Vaccine Trials in Animals Comparing the Response
to Native by Recombinant Parasite Antigens
To generate vaccine antigens for anthelmintic vaccines, 3
different expression systems have been used, that is, bacterial
(mainly E. coli), yeast, and baculovirus. The bacterial expression
system has been by far the most popular choice to express
helminth antigens. However, except for the results with cestodes,
the levels of protection induced by E coli recombinants have
been rather disappointing. E coli expressing antigens of
trematodes and nematodes have had more variable successes,
ranging from a 100% reduction in egg counts in mice and sheep
for a Schistosoma mansoni antigen tested against Fasciola
hepatica to a 0% reduction for nematode antigens of
Haemonchus contortus and Ostertagia ostertagi. Yeast has been
used to express 12 different antigens from 6 helminth species.
The levels of protection obtained with these recombinants vary
considerably, although all of them appear to induce some level
of protection. The best results were obtained with the
recombinant Sh28GST antigen from Schistosoma haematobium
and the Ac-APR-1 antigen from the hookworm Ancylostoma
caninum: vaccination with these antigens reduced the egg output
by 77% and 85%, respectively. Although the yeast and
baculovirus expression systems clearly have the capability to
glycosylate the recombinant antigens, this glycosylation can
differ drastically from the helminth glycans. The yeast
Saccharomyces cerevisiae, for example, can cover the peptide
core with very large glycan trees, which potentially mask
important peptide epitopes or which can make the protein
hyperantigenic [37-41].

One randomized controlled trial in calves and 3 prospective
cohort studies in monkeys, mice, and cattle comparing
recombinant and native antigens containing antiparasitic
vaccines revealed that native antigens yielded a more effective
clinical and immunological response compared with
recombinant antigens (Multimedia Appendix 1).

The advantage of using recombinant antigens as vaccines is the
relative ease of a large-scale production of these antigens in
cell-free expression systems. The advantage of analyzing
immunorelevant antigens using protein microarrays is the
potential to analyze more protein entities because it allows the
analysis of proteins, which may only be expressed under certain
conditions in vivo and at certain developmental stages of parasite
development simultaneously. There is also less potential for
protein loss during the procedure compared with
two-dimensional (2D) gel electrophoretic methods. This was
illustrated by the example of Mycobacteriumtuberculosis by
the fact that even with high-resolution 2D electrophoresis, out
of 4000 predicted open reading frames, the separation of proteins
from whole mycobacterial cells by 2D E resulted in
silver-stained patterns comprising only about 1800 distinct
protein spots [42].

The limitations associated with a bacterial cell-free expression
system used to generate protein microarrays are the lack of
posttranslational modifications, such as phosphorylation,
methylation, and glycosylation, and the absence of the
complexity of protein folding and multimerization forming
tertiary and quaternary structures, for example, those formed
by disulfide bonds. The potential importance of posttranslational
modification in P. falciparum is illustrated by the fact that
striking visual evidence of widespread posttranslational
modifications in the parasite was observed when a study used
2D electrophoresis followed by the mass spectrometric
identification of proteins of P. falciparum ring stages, with 10
out of the 28 gene products identified in two or more variants
of the same protein identified on the 2D gel as placed in different
positions due to a different electrophoretic migration [43].
Recombinant proteins expressed in E coli lack glycosylation
The role of glycosylation was investigated by examining the
specific binding of each antibody subclass to P. falciparum
periodate-sensitive epitopes following treatment of
antigen-coated microplate wells with sodium periodate at acidic
pH. Such treatment has been shown to cleave carbohydrate
vicinal hydroxyl groups without affecting polypeptide chains.
The investigators found that 35% to 46% of all anti–P.
falciparum IgG1 antibodies and 12% to 28% of anti–P.
falciparum IgG3 naturally acquired by African subjects and
Amazonian patients were shown to recognize periodate-sensitive
epitopes [22] and would not be detectable in an approach using
recombinant antigens.

Rationale for the Project
Vaccines developed against P. falciparum, thus far, have only
resulted in partial and temporary protection against malaria.
Results of previous studies (sections Analysisof Immune
Responses to Native Plasmodium falciparum Antigens and
Analysis of Immune Responses to Recombinant Antigens) have
not revealed a protective antibody response against a single
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antigen of P. falciparum blood stages associated with clinical
immunity in infected people but are compatible with responses
to multiple blood-stage antigens by cytophilic antibodies (IgG1
and IgG3), with high affinity being more protective. Methods
to assess antibody responses to multiple blood-stage antigens
in previous studies included an analysis of responses to antigens
generated by a microarray of recombinant antigens and a very
limited analysis of responses to antigens separated by 1D or 2D
electrophoresis by western blotting. Recombinant antigens lack
posttranscriptional modification, which is found in more than
30% of immunorelevant antigens and do not contain isoforms
of the same protein. It is therefore essential to develop an
unbiased platform of 2D western blotting combined with the
detection of antigens eliciting antibody responses with protective
qualities (IgG1 and 3 subclasses and high affinity).

Hypotheses
IgG1 and IgG3 antibodies with high affinity to multiple schizont
antigens of P. falciparum are associated with clinical immunity
to P. falciparum malaria. IgG2 or IgG4 responses are not
associated with clinical immunity to P. falciparum malaria.

Objectives
Objectives of this investigation were:

• To develop a method for comprehensive detection of all P.
falciparum schizont antigens, eliciting a protective immune
response.

• To develop a method for the comprehensive detection of
immunoglobulin subclass responses to P. falciparum
schizont antigens.

• To develop a method for the simultaneous quantification
of the affinity of multiple antibodies to multiple antigens.

• To answer the question, whether high-affinity IgG1 and
IgG3 antibodies to schizont antigens are associated with
clinical immunity to P. falciparum malaria.

Methods

Population Studied

Sample Size Calculation
Owing to the lack of previous studies employing the
methodology used in this investigation, there was no basis for
a sample size calculation. The proposed project includes a pilot
study that will inform future sample size calculations. To
establish the methodology as a first step, the serum of a patient
with afebrile P. falciparum parasitemia will be assessed for
antiplasmodial immunoglobulin subclass responses with high
affinity a total of 10 times during the establishment of the 2D
western blot process. This requires taking 35 mL of blood from
this patient. Alternatively, lyophilized pooled antiplasmodial
hyperimmunoglobulin is reconstituted to give this amount with
a dilution titrated to a physiological immunoglobulin
concentration. By repeating the blotting process 10 times using
the same antigen preparation and immunoglobulin donor (-pool)
and comparing the results, an estimate of the intraindividual
variability of western blot results will be enabled. Subsequently,
a case-control study comparing antibody responses between
clinically immune people and people suffering from severe P.

falciparum malaria will be conducted. This study will provide
a preliminary sample size calculation for larger
seroepidemiological studies using immunorelevant parts of the
immunome. The standard deviation of spot intensity on the
image of the immunoblot and the corresponding quantity of
antibody measured by immunochromatography for a protein
with a known relationship to clinical immunity: IgG3 response
and its affinity to merozoite surface protein-2 C-terminal antigen
(MSP2-3D7) will be used for the ultimate sample size
calculation, and the standard deviation for intraindividual
intensity will have to be below the standard deviation used for
sample size calculation for the assessment of interindividual
differences between cases and controls.

Inclusion Criteria
During the development of the methodology, the serum of a
patient known to be clinically immune to malaria from a
holoendemic area, that is, asymptomatic malaria using the most
common definition—presence of parasites in peripheral thick
blood smears, an axillary temperature <37.5°C, and an absence
of malaria-related symptoms [44] or P. falciparum
hyperimmunoglobulin—is analyzed 10 times to be able to assess
and achieve reproducibility, as mentioned earlier. After the
successful establishment of the methodology, a group of 15
individuals with clinical immunity, defined as at least 10 years
old, living in a holoendemic area for P. falciparum malaria from
birth with at least four to five infections per year with
asymptomatic P. falciparum malaria (parasitemia on antigen
detection of histidine-rich protein or on microscopy) at the time
of blood sampling is compared with 15 age-matched individuals
from the same ethnic group and holoendemic area hospitalized
with acute severe, complicated P. falciparum malaria (World
Health Organization criteria).

Exclusion Criteria
Patients in whom P. falciparum parasitemia by microscopy or
antigen detection is not documented, patients whose body
temperature is not documented, patients with a known HIV
infection, and patients with known acquired or congenital
immunodeficiency are excluded.

Ethical Approval and Consent
Ethical approval for the study will be sought from the National
Research Ethics Service of the United Kingdom, and the study
will be subject to institutional approval by the host institution.
Informed written consent for the study will be sought from the
participants of this study before its commencement.

Laboratory Methods

2D Western Blot
Immunorelevant antigens are identified by western blotting
using participants’ serum after 2D electrophoresis of native
schizont antigens with discrimination of protective antibody
responses by the detection of antibody subclasses and added
analysis of affinity. This is followed by the comparison of
antibody responses of patients with severe malaria and clinically
immune individuals. Protective antibody responses are defined
as those of the IgG1 or IgG3 isotype and of greater magnitude
or higher affinity in clinically immune individuals than in
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patients with severe malaria. Antigens against which such a
response is detected are identified by using mass spectrometry
(see detailed experimental protocol).

Validation of 2D Western Blot Results
Immunoaffinity chromatography involves the extraction of a
specific antigen from an antigen mixture by using antibodies
immobilized on a matrix (eg, Sephadex column).
Immunoaffinity chromatography has been used to generate
purified immunoglobulin subclass fractions from polyclonal
human immunoglobulin preparations [45]. This has been
achieved by using monoclonal immunoglobulin subclass
antibodies immobilized to the Sephadex column through proteins
A and G. Antigens bound by immunoglobulins produced by
mice with enhanced immunity to Plasmodium yoelii have been
isolated and identified by immobilizing immunoglobulins from
immune mice to a Sephadex column and then passing a
blood-stage antigen mixture through the column followed by
elution of antigens with sodium deoxycholate and identification
of antigens after SDS-PAGE and western blotting with specific
antibodies [46,47].

Experimental Protocol

Preparation of P. falciparum Blood-Stage Antigens
Purified parasitophorous vacuolar membrane–enclosed
merozoite structures (PEMSs) are initially generated, which
contain a highly homogeneous synchronous parasite population
at the mature schizont stage, which is essentially free of
contaminating host cell proteins [21,48,49]. Parasites are grown
using the method of Trager and Jensen [48] (Multimedia
Appendix 2).

The procedure is repeated until sufficient protein is generated
for all gels required for the project. To ensure that the same
protein mixture is used for all gels of this project, the isolated
PEMSs are pooled after a sufficient amount is generated for all
experiments. To facilitate equal conditions for processing of
patient serum samples for cases and controls wherever possible,
the serum of one patient with severe malaria is processed at the
same time as the serum of an age-matched control with afebrile
P. falciparum parasitemia. This requires 25 2D-PAGE and
western blot processes (amounting to a total of 345 gels),
including the generation of 25 2D-PAGE gels for protein
identification and micropreparative purposes. For each patient
or run of analysis, samples equivalent to 2700 μg of protein are
required for nine 2D gels. Sufficient antigens is produced for
all 25 runs of analysis. A total of at least 103.5 mg of P.
falciparum protein is required for the project.

To determine how many PEMSs need to be produced, the
protein content of the parasite pellet is determined by a test run
of protein extraction. Pellets are pulse sonicated on a sonifier
with microtip sonication (6-mm probe; Sonics Vibracell
VCX130) on ice for 10 min at 25% amplitude (with pulses of
2 seconds on and 3 seconds off), resulting in a 4-min total
pulse-on time [50] (to prevent foaming and carbamylation).
Sonication is followed by centrifugation at 40,000 g for 60 min
at 4°C [51]. The supernatant and pellets are collected and stored
at –80°C. Before each analysis, the pellet is solubilized in a
solution used as enhanced rehydration and extraction solution

and lysis buffer: 8 M urea, 2 M thiourea, 4%
3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate
(CHAPS), 2% ASB-14, 40 mM Dithiothreitol (DTT), and 0.5%
(v/v) immobilized pH 3-11 gradient buffer by 1 hour of
incubation on ice (Multimedia Appendix 3).

The protocol regarding isoelectric focusing (IEF) that follows
has essentially been adopted from a study by Goerg et al [52]
(Multimedia Appendix 2).

Day 1: IEF
Turn on the cooling system of Multiphor II (usually 15°C) or
immobilized pH gradient (IPG)phor (Multimedia Appendix 3).

It is critical to prepare an equilibration buffer, which is used
fresh each time; at room temperature, urea takes time to dissolve;
therefore, start preparing the buffer before stopping the
first-dimension run.

The antigen mixture is subjected to 2D electrophoresis using
IEF in the first dimension using a pH gradient of 3 to 11 in the
IPG strip (Immobiline DryStrip pH3-11NL24cm,
GEHealthcareLiveScience) and polyacrylamide gel
electrophoresis using a large-format gel with a 26 cm×20 cm
width and length in the second dimension (Multimedia Appendix
2).

Day 2: Preparation of Cup Loading Followed by
Overnight Incubation From Day 2 to Day 3
At this time point, the electrode paper strips (wicks) are replaced
by fresh ones (Multimedia Appendix 1). Voltage is then
increased to 3500 V for 12 hours (Multimedia Appendix 3).
The focusing temperature is 20°C until the steady state with
constant focusing patterns is obtained

Day 3: 2D Electrophoresis
After completion of IEF, IPG strips are equilibrated for 10 min
each in the SDS equilibration buffer (50 mM Tris-HCl; pH 6.8;
6 M urea; 30% v/v glycerol; 2% w/v SDS; 0.002% bromophenol
blue containing 2% DT). The equilibrated IPG gel strips are
slightly rinsed and blotted to remove the excess equilibration
buffer. Finally, the strip is placed in the SDS electrophoresis
running buffer (0.25 M Tris-HCl; pH 8.3; 0.1% SDS; 192 mM
glycine) for 10 min as a final equilibration step [51]. If not used
for IEF, the IPG gel strips are stored between 2 sheets of plastic
film at –78°C (for up to several months).

After IEF is completed, it is important to proceed immediately
to gel equilibration, unless the IPG strip is being frozen for
future analysis. Equilibration is always performed immediately
before the second-dimension run, never before the storage of
the Immobiline DryStrip gels. The second-dimension gel itself
should be prepared and ready to accept the Immobiline DryStrip
gel before beginning the equilibration protocol. SDS-PAGE in
the second-dimension is performed using the Ettan DALTsix
LargeVertical System (GE Healthcare). The preparations
mentioned in this paragraph are performed before IEF is
completed, followed by the preparation of electrophoresis
(Multimedia Appendix 2).

The total running time is approximately 9 hours. Nine gels are
generated for each participant. Eight gels are used for
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immunoblotting and one preparative gel. After SDS-PAGE, the
gel is withdrawn from the cassette and equilibrated in the
transfer buffer: Towbin buffer consisting of 192 mM glycine,
25 mM Tris, 20% methanol (v/v), pH of 8.3 for 20 min to
remove excess SDS. The membrane and the filter paper used
for transfer are equilibrated in the transfer buffer for 10 min.

2D Western Blotting
Antigens from 8 gels are blotted onto the nitrocellulose
membranes for each patient. Nitrocellulose is the medium of
choice for these techniques because of its very high capacity
for protein binding [53]. The Amersham Protran 0.1 membrane
with a minimal pore size of 0.1 μm, exhibiting excellent binding
affinity for small peptides (molecular weight <10,000) and
producing very low background in chemiluminescent western
blotting. Nitrocellulose membranes are directly soaked with a
transfer buffer without prewetting in methanol. SDS is
detrimental to the binding of proteins to membranes, and the
general rule is that excess SDS should be removed from the gel
before transfer by equilibration for 15 to 30 min in the transfer
buffer. However, it may be necessary to include low amounts
of SDS (0.02% to 0.1%) in the transfer buffer if the proteins
are only partially soluble due to high molecular weight or if
they contain a surplus of hydrophobic amino acids.

To process the large gel used in this study, the gel is cut into 2
pieces (high- and low-molecular-weight part) to avoid
overheating during the blotting procedure [54]. A sheet of
nitrocellulose (Amersham Protran 0.1 membrane with a minimal
pore size of 0.1 μm) is briefly wetted with water and laid on a
scouring pad (Scotch Brite is a trademark of 3M), which is
supported by a stiff plastic grid (a disposable micropipette tray;
Medical Laboratory Automation, Inc). The gel to be blotted is
placed on the nitrocellulose sheet and care is taken to remove
all air bubbles. A second pad and a plastic grid are added, and
rubber bands are strung around all layers. The gel is firmly and
evenly pressed against the nitrocellulose sheet. The assembly
was placed in an electrophoretic destaining chamber with a
nitrocellulose sheet facing the cathode. For the high molecular
weight part of the gel, the cathode buffer consists of 50 mM
boric acid, 10% methanol, 5% SDS, and pH 9.0; the anode
buffer consisted of 50 mM boric acid, 20% methanol, and pH
9.0. For the low-molecular-weight part of the gel, the cathode
and anode buffers consist of 100 mM boric acid, 20% methanol,

and pH 9.0. The blotting time is 2 hours at 1 mA/cm2 [53-55].
The membrane was then washed with 100% methanol to remove
SDS and stained with Ponceau S for 30 seconds to document
the number and location of proteins transferred and scanned
with the scanner. Ponceau S is easily removed with water (if
water is not sufficient, Tris-buffered saline with Tween 20 is
used) and is regarded as a gentle treatment that does not interfere
with the subsequent immunological detection steps (Multimedia
Appendix 2).

Overnight From Day 3 to Day 4
To allow binding of the antibodies in the serum to the blotted
antigens, the bags are covered with glass plates on a shaker so
that solutions are circulated properly within the packages by
shaking overnight at 4°C [54]. After incubation with primary

antibodies, the membrane is washed 4 times for 15 min in a
PBST buffer.

Day 4: Identification of Antigens Against Which a
High-Avidity Antibody Response is Detectable
For identification of high-avidity antibodies, the blotted
antigen-antibody complexes on 4 of 8 nitrocellulose sheets per
participant are subjected to a washing step with a dissociation
buffer, including phosphate buffered saline (PBS) with 8 M
urea with vigorous shaking for 5 min followed by 2 additional
washes with the PBS buffer with vigorous shaking for 5 min.
Avidity is quantified by the avidity index, which is the ratio of
the optical density of urea-treated spots to the optical density
value of untreated spots multiplied by 100, with all values higher
than 50% ranked as high avidity. An avidity index of less than
30% is defined as low avidity and that of between 30% and
50% as intermediate avidity [25,56]. Bound immunoglobulin
is visualized with a secondary antihuman immunoglobulin
conjugated with horseradish peroxidase. The type of antibody
hereby is a specific antisubclass antibody for IgG1, IgG2, IgG3,
and IgG4 conjugated with horseradish peroxidase for one gel
each. The secondary antibody is diluted 1:5000 in 5% milk with
the PBST buffer to give a volume of 50 mL and incubated for
1 hour. Membranes are then washed again 4 times for 15 min
in the PBST buffer. The immunoblot is developed with
tetrazolium—a reagent, which has been reported to increase the
sensitivity of the horseradish peroxidase system about three-fold
[57]. One set of 2 gels (one with and one without dissociation
buffer treatment) is used for each antibody subclass. Blot signals
are normalized by relating to intensity of blot staining from a
DyLight 800–conjugated antibody to a mouse monoclonal
antibody of known concentration against the housekeeping
antigen ovalbumin added to the PEMS antigens.

The membrane is then exposed to Amersham ECL Select (GE
Healthcare) and shaken for 1 min at room temperature. Excess
fluid is dripped off the membranes [54]. Subsequently,
chemiluminescence is visualized using a charge-coupled device,
camera-based imager.

Data generation from spots generated by the peroxidase reaction
on the nitrocellulose membrane is performed using the
ImageQuant TL (GE Healthcare) or MELANIE, PDQuest, Z3,
Z4000, Phoretix, or Progenesis software package [58-61].

Identification of Immunorelevant Antigens
One gel for each of the initial test runs and subsequently
participants is subjected to a SYPRO Ruby staining for the
localization of antigens identified as immunorelevant on a
subsequent analysis of the 4 gels subjected to the analysis of
isotype-specific high-affinity antibodies and used for a mass
spectrometric analysis of gel sections with immunorelevant
antigens (master gel).

After the SYPRO Ruby staining (Molecular Probes), images
could be generated using a Typhoon 9410 fluorescent imager
set at an excitation bandwidth of 510 to 532 nm and an emission
filter at 610 nm for matching.
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Overnight from Day 4 to Day 5
For mass spectrometry, gels selected for spot excision are
incubated overnight in 350 mL of 10% (v/v) ethanol.

Day 5: Mass Spectrometric Identification of
Immunorelevant Antigens
Protein spots are cut from gels using a Genomic Solutions
ProPic robot, and gel plugs are placed in 96-well plates in 100
mL of 10% ethanol. Proteins can be subjected to tryptic in-gel
digestion on a ProGest workstation. To this end, the storage
liquid was removed and the gel plugs were washed with
ammonium bicarbonate (50 mL; 25 mM) for 10 min and then
with acetonitrile (ACN; 50 mL) for 10 min. Washing with
ammonium bicarbonate and ACN is repeated. DTT (30 mL) is
added to the gel plugs to reduce the proteins, and samples are
incubated at 60°C for 10 min before they are allowed to cool
to room temperature. The liquid is discarded and proteins are
alkylated in iodoacetamide (30 mL; 100 mM) for 45 min. Gel
plugs are washed with ammonium bicarbonate and ACN twice
before rehydration in 10 mL trypsin solution (20 mg lyophilized
trypsin [Promega] is dissolved in 200 mL 0.01% formic acid,
and then 1.8 mL of ammonium bicarbonate are added to give
a 10 ng/mL solution). After 10 min, ammonium bicarbonate
(15 mL; 25 mM) is added and samples are incubated at 37C for
4 hours. The reaction is stopped by the addition of 7 mL of 3%
formic acid. A portion of the resulting supernatant is used for
a matrix-assisted laser desorption/ionization/mass spectrometry
(MALDI/MS) analysis. Samples can be spotted onto a MALDI
target robotically (ProMS) using ZipTips. Peptides are eluted
from the C18 (ZipTip) material with a matrix (acyano 4-hydroxy
cinnamic acid) prepared in 60% ACN and 0.2% trifluoroacetic
acid (TFA). MALDI/MS data are acquired on an Applied
Biosystems Voyager DE-STR instrument, and the observed m/z
values are submitted to ProFound (Proteometrics software
package) for peptide mass fingerprint searching, which queries
a locally stored copy of the NCBInr database (version
20041201). Amino acid sequences found by this process can
be attributed to proteins using the fully deciphered P. falciparum
genome. In an alternative protocol, protein spots of interest are
carefully excised from the SYPRO Ruby–stained gel, sliced

into 1 mm2 pieces, and washed in 50% (v/v) ACN/25 mM
ammonium bicarbonate, pH 7.8, and then dried in a vacuum
concentrator. The digestion buffer (4-10 µL; 10 µg/mL modified
sequencing grade trypsin; Promega) in 25 mM NH4HCO3 is
added to the gel slices and incubated overnight at 37°C. The
resulting peptides are extracted by the addition of 4 µL of water
followed by 7 µL 30% (w/v) ACN/0.1% (v/v) TFA, vortexing,
and brief centrifugation. The extracts are concentrated in a
vacuum concentrator to approximately 5 µL. The concentrated
sample extract is mixed in a ratio of 1:1 with a matrix (10
mg/mL; CHCA [Aldrich] in 50% [v/v] ACN/50% [v/v]
ethanol/0.001% [v/v] TFA) containing an internal standard
(adrenocorticotrophic hormone; 50 fM/L) and 1 µL of the
mixture is loaded onto a 96-position target. Peptide mass
fingerprints are obtained semiautomatically on a MALDI mass
spectrometer, and the resultant mass lists are searched against
a nonredundant protein database (Swiss Prot/TrEMBL) using
ProteinLynx V. 3.4 (Micromass) software. Protein identification

was confirmed from a statistically significant MOWSE score
resulting from fingerprint interrogation using MASCOT [62].
Protein identification is considered valid if more than 2 peptides
matched and the MASCOT score is greater than or equal to the
significance threshold (P<.05) [63].

Immunoaffinity Chromatographical Purification for
the Detection of Potentially Immunorelevant Antigens
Using an IgG Concentrate of Malaria Immune Adults

Extraction of Subclass Antibodies From IgG Concentrate
Using Protein G Bound to Sepharose

Cross-Linking or Antisubclass Antibodies to Protein G
The columns used for positive purification are modified by
cross-linking of the antisubclass antibody to protein G using
the Schneider cross-linking technique [64] (reagents by
Sigma-Aldrich) to prevent elution of the anti-immunoglobulin
subclass antibody bound to the subclass antibody from the
Protein G Sepharose matrix (Multimedia Appendix 2).

Negative Purification
Previously published data [65] suggested that positive
purification resulted in impure preparations due to nonspecific
binding of other IgG subclasses to Sepharose. Therefore,
negative purification is required before the use of positive
purification. From the IgG preparation of Malawian adults, a
solution with physiological IgG concentration is generated. The
physiological IgG concentration is about 11 mg/mL with an
assumed distribution of immunoglobulin subclass concentrations
as follows: 6 mg/mL IgG1, 3 mg/mL IgG2, 0.6 mg/mL IgG3,
and 0.24 mg/mL IgG4. Therefore, 308 mg of the lyophilizate
is added to 10 mL of distilled water. The amount of suspended
lyophilizate to be added to each column is therefore used to
capture all immunoglobulin subclasses in the added sample
determined by the added amount of IgG1 present in the mixture.
Assuming that one antisubclass antibody binds 2 subclass
antibodies, the columns prepared above containing anti-IgG1
subclass antibodies will bind 200 g IgG1. About 200 µg of IgG1
are assumed to be present in 33 µL of the suspended lyophilizate.
A total of 33 µL of the suspended lyophilizate is diluted in 567
L of distilled water, and the resulting 600 L is added to each
column as part of the following procedure (Multimedia
Appendix 2).

Generation of Columns With Antiplasmodial IgG
Subclass Antibodies
For each immunoglobulin subclass, 2 separate columns are
generated (one for the antibody avidity assessment and one for
the quantification of the antibody responses) using Protein G
High Performance SpinTrap (Sigma-Aldrich; Multimedia
Appendix 2).

Cross-Linking of the Subclass Antibodies to Protein
G
The columns used for binding of schizont antigens to subclasses
are modified by cross-linking of the subclass antibodies to
protein G using the Schneider cross-linking technique [64]
(reagents by Sigma-Aldrich) to prevent elution of antigens
nonspecifically bound to or trapped in Sepharose, which could
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cause contamination of antigen specifically bound to the
respective subclass of antiplasmodial antibody, and to prevent
elution of the subclass antibody bound to the antigen from the
Protein G Sepharose matrix, thereby further contaminating the
antigen mixture subsequently analyzed by MS.

The bound antibody is cross-linked to the protein G matrix by
washing with 10-column volumes of 0.2 M triethanolamine in
0.1 M borate buffer, pH 8.2. Washing is conducted by adding
600 µL aliquots of this solution and centrifugation for 30
seconds at 100 g, followed by washing in a 0.2 M
triethanolamine in 0.1 M borate buffer solution containing 50
mM dimethyl pimelimidate prepared 1 to 3 hours previously.
The pH of this cross-linking solution is readjusted to 8.2 with
concentrated NaOH. Washing is conducted by adding 600 µL
aliquots of this solution and centrifugation for 30 seconds at
100 g.

The gel cross-linking solution mixture is continuously agitated
for 45 min, and a further washing step is performed with
20-column volumes of 50 mM ethanolamine, pH 8.2. Washing
is conducted by adding 600 µL aliquots of this solution and
centrifugation for 30 seconds at 100g, followed by washing
with 20-column volumes of the same 50 mM ethanolamine
buffer for 5 min. Washing is conducted by adding 600 µL
aliquots of this solution and centrifugation for 30 seconds at
100g. The gel-antibody complex is then poured back into its
original column format with PBS containing 0.02% sodium
azide.

Loading of the Schizont Antigen Suspension
One milligram of schizont antigen (PEMS) per column
suspended in 600 μL of lysis buffer (8 M urea, 2 M thiourea,
4% CHAPS, 2% ASB-14, 40 mM DTT) is loaded onto each
pair of immunoglobulin subclass–loaded columns. Ovalbumin
(50 µg) is added as a control antigen to all columns. Steps for
binding are repeated (see section on purification), including the
assessment of binding efficiency in the collection tubes. To
assess the binding efficiency, antigen concentration in the
collection tubes is measured by mass spectrometry.

Determination of Antibody Affinity
One each of the 2 immunoglobulin subclass columns is then
subjected to an elution step with 1 M ammonium thiocyanate
solution. The eluted antigen is quantified and identified by high
pressure liquid chromatography/mass spectrometry (HPLC/MS).

Determination of Type and Quantity of Antigen Bound
by Each Immunoglobulin Subclass
All columns are then subjected to elution with 1% deoxycholate
to elute all bound antigens, which are then quantified and
identified by HPLC/MS.

Data Analysis
The western blot spot intensities are corrected for exposure of
participants to P. falciparum infection. This is carried out by
calculating the ratio to the level of antibodies to a mixture of
all P. falciparum antigens and normalized by relating to the
intensity of blot staining from a DyLight 800–conjugated
antibody to a mouse monoclonal antibody of known
concentration against the housekeeping antigen ovalbumin

added to the PEMS antigens. If the corrected and normalized
spot intensity for the antibody reaction to an antigen reveals a
statistically more extensive antibody reaction of protective
isotypes IgG1 or IgG3 (at least two-fold) and/or a reaction of
higher affinity in clinically immune compared with nonimmune
participants, this antigen is deemed to be immune-relevant and
a candidate for future vaccine development. Principal component
analysis (PCA) is used to visualize natural groupings in data
based on similar patterns of variation. The presence of natural
clusters in PCA indicates that there is more variation between
groups than within groups. The absence of clusters indicates
that the variation between groups is of the same order of
magnitude as that within groups. This analysis will help identify
patterns of antigens against which the immune reaction is
protective.

On analysis of the results of the immunoaffinity
chromatography, the relative antibody affinity is determined as
the ratio of quantity of antigen eluted with and without a history
of previous treatment with ammonium thiocyanate after
normalization of the quantity relative to ovalbumin control.
High affinity is hereby defined as the ratio being >50%,
intermediate as 30% to 50%, and low as <30%. The antigens,
together with their affinity bound by each IgG subclass, are then
identified and registered.

The patterns emerging with this method are related to clinical
immunity. A group of 15 comprising at least 10-year-old
individuals with clinical immunity is compared with a group of
15 comprising at least 10-year-old age-matched patients from
the same ethnic (tribal) group hospitalized with acute malaria.
The association with a protective antibody response is derived
from the quantitative data analysis of spot intensities. Given the
small number of samples analyzed, it is essential to reduce the
variability of antibody binding introduced by differences in
antigen presence in the 2D gel, protein losses after transfer to
the nitrocellulose membrane, differences in antibody binding
due to washing steps, and differences in action/presence of
chemicals present in different amounts locally denaturing the
antibody binding sites on protein. To avoid the differences
between cases and controls arising from these sources of
variability, a pair of case and matching control is processed
together under the same conditions, with the same batch of
reagents and equipment under the same condition and at the
same temperature. Data analysis is aimed at further reducing
the effects of the noise introduced by the aforementioned factors
and image processing. This will increase the detection power
of a statistically significant difference in antibody binding to
specific antigens with a small sample size.

Analysis of Errors in 2D Gel Image Analysis
There are two different types of errors in 2D gel image analysis
data.

First, there are spots that are not reproducibly observed (where
detection or matching has failed) by the software. These are
regarded as observation errors and account for a false discovery
rate (FDR). Second, there are spots that are reproducibly
observed, and their integrated optical density (IOD) has some
intrinsic variations between the 2 gels. These are referred to as
quantitation errors. To investigate the source and size of these
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errors, the errors between multiple scans are compared with the
errors measured between multiple gels. The differences between
these methods allow us to distinguish errors due to image
analysis from errors particular to the gel running and staining
system. This is done by comparing the variability of the detected
protein load on the preparative gels in the 10 initial test runs as
detected by SYPRO Ruby staining, with the variability of IOD
on repeatedly running the densitometry scan. The other one is
the comparison of western blot stain intensity between the initial
run with the identical antibody source and the variability of
results from scanning the same blot.

Control for differences in detected quality and quantity of
antiplasmodial antibody responses between groups due to
different antigen uptake by gels and differences in handling of
individual western blots affecting the binding of patient
antibodies and secondary antibodies.

Variability of signal due to different antigen uptake between
gels, different binding of primary and secondary antibodies,
and differences in staining related to methodology between the
gels and not related to differences in the patient’s antibody
responses are taken into account in the data analysis in the
following ways.

Variability due to processing between blots of cases and controls
of the same run is corrected for by normalization by relating to
the intensity of blot staining from a DyLight 800–conjugated
antibody to a mouse monoclonal antibody of known
concentration against the housekeeping antigen ovalbumin
added to the PEMS antigens.

Image Analysis
Consensus western blot spot patterns are generated for clinically
immune patients and patients with malaria. The consensus
pattern is produced by spot detection on a fused image that
essentially contains all spots in the experiments. Image fusion
is a method that combines multiple images into a new, synthetic
image, where each pixel is a function of the corresponding pixels
in the input images. The resulting image looks like a real blot
image, and more importantly, all spots from the experiment are
represented on it. Thus, spots that are present only on a few of
the gels can be located in the fused image and properly separated
from those surrounding them. Software packages that can
achieve this are used: PDQuest 2D analysis software (BIORAD)
and Delta2D software version 4.0 (Decodon). A subgroup
analysis is performed for different age groups. Antigens found
to be associated with a protective antibody response can be
identified by mass spectrometry using sections of the master
gel where the antigen was found to be situated, from a
comparison of the master gel with the position on the
nitrocellulose membrane. To achieve this, the respective protein
spots in the SYPRO Ruby–stained mastergel are identified after
overlaying the western blot images used. PCA was used to
identify potential outlier gels and outlier samples in the datasets.
PCA is an excellent methodology for visualizing natural
groupings or clusters in data based on similar patterns of
variation. The presence of natural clusters in PCA, therefore,
indicates that there is more variation between groups than within
groups. The absence of clusters indicates that the variation
between groups is of the same order of magnitude as that within

groups. Two statistical criteria are used to select potential
immunorelevant antigens: an FDR of 5% and a fold change of
2 or more. By limiting the FDR to 5%, it is ensured that minimal
resources are spent on following up false-positive leads. A
two-fold or greater change is chosen over a lower cutoff as it
increases the chance that a change will be detectable with
independent methods.

Investigation of the Influence of Exposure
One aim of this project is to consider that differences in the
presence, quantity, and affinity of any specific antibody response
between patients may simply be due to differences in intensity
and duration of exposure and not due to the protective properties
of such a response. To control for this fact, the antibody response
needs to be related to the concentration of all P. falciparum
antibodies. This is done by including a presentation of all the
results as ratios to levels of global antiplasmodial antibodies.
To address this, 50 µL of plasma from a patient is analyzed by
Captia Malaria Total Antibody EIA (Trinity Biotech) at the
Hospital of Tropical Diseases, London.

Results

2D Western Blotting
The first study applying 2D electrophoresis with western blotting
to the serum of patients for an analysis of antibody responses
to P. falciparum was employed by Fontaine et al [66]. The study
focused on antibody responses to proteins in membranes of
infected red blood cells only. These were studied in French
soldiers with brief exposure: P. falciparum mature stages
(trophozoite and schizont stages) were enriched by Plasmion
flotation. Immunoblots were directly digitalized using a
Typhoon Trio Image scanner. Images were analyzed with
Decyder v6.5 software, allowing accurate spot matching between
2D protein patterns and 2D antigenic patterns from gels and
immunoblots, respectively. The sera allowed detection of 42
antigenic spots on the 2D immunoblot. The 42 antigenic spots
detected on the immunoblot were excised and subjected to mass
spectrometry for identification. The resulting fragment ion
spectra were searched against the Homo sapiens and P.
falciparum protein databases (NCBInr). Nineteen protein spots
(45%) were successfully identified and corresponded to 13
distinct proteins according to their National Center for
Biotechnology Information accession number. Among them, 4
were identified as P. falciparum proteins and 9 as Hsapiens
proteins. This indicated the presence of autoantibodies in P.
falciparum malaria. This study failed to identify several
well-described P. falciparum antigenic proteins from the iRBC
plasma membrane. The major part of these P. falciparum
antigens are large hydrophobic proteins (>150 kDa), which are
generally underrepresented and can be difficult to detect by 2D
electrophoresis such as PfEMP1, Pf332 cytoadherence-linked
asexual protein 9 (Clag 9) or EBA-175. The reducing and
denaturing conditions used for the immunoblot analysis in this
study did not consider conformational epitopes. Proteins with
extreme isoelectric points or molecular weight may not have
been detectable with the type of 2D electrophoresis applied in
this study. 2D electrophoresis of P. falciparum schizonts
performed with a high-resolution procedure revealed 661 protein
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spots in one study using a pH range of 4 to 7 in the first
dimension. This indicated a loss of detection of proteins (there
are 1036 predicted schizont proteins) at lower and higher pH
which is relevant because of the bimodal distribution of
isoelectric points of schizont proteins reaching those pH
extremes [48].

Immunoaffinity Chromatography
Immunoaffinity chromatography has been used to generate
purified immunoglobulin subclass fractions from polyclonal
human immunoglobulin preparations [45,46]. This has been
achieved by the use of monoclonal immunoglobulin subclass
antibodies immobilized to Sephadex through proteins A and G.
Antigens bound by immunoglobulins produced by mice with
enhanced immunity to P yoelii have been isolated and identified
by immobilizing immunoglobulin from immune mice to a
Sephadex column and then passing a blood-stage antigen
mixture through the column followed by elution of antigens
with sodium deoxycholate and identification of antigens after
SDS-PAGE and western blotting using specific antibodies.

Discussion

Strengths and Limitations of 2D Western Blotting and
Immunoaffinity Chromatography
The approach to discovery of immunorelevant antigens proposed
in this experimental protocol takes into account the complexity
of native proteins with their numerous protein species [67] for
each expressed amino acid sequence, which is generated by
posttranslational modification in P. falciparum through
glycosylation, phosphorylation, and methylation as well as the
generation of disulfide bonds, which are all essential in the
formation of nonlinear conformational epitopes not generated
in recombinant antigens. The 2 methods employed for the
identification of immunorelevant antigens have advantages and
disadvantages and may thus complement each other.

Advantages of 2D western blotting of native antigens are as
follows:

• Potential for identification of antibody responses selective
for specific defined isomeric forms of the same protein,
including isoforms (protein species) generated by
posttranscriptional modifications such as phosphorylation,
glycosylation, and methylation.

• Highly sensitive detection and preservation of antibody
responses in the process of 2D western blotting.

Disadvantages of 2D western blotting of native antigens are as
follows:

• Loss of antigens during the blotting process.
• Only semiquantitative determination of antibody responses

and inaccurate quantification of antigens.

Advantages of immunoaffinity chromatography are as follows:

• No matching of the 2D western blot image with master gel
is required.

• No antigen loss is observed through the blotting process.
• Potential for exact quantification of antigens eluted possible

through mass spectrometry. The quantification of eluted
antigens allows indirectly quantification of the magnitude
of antibody responses to these antigens because the amount
of antigens eluted corresponds to the amount of antibodies
binding them.

Disadvantages of immunoaffinity chromatography are as
follows:

• Loss and denaturation of immunoglobulin subclass
antibodies during the purification and immobilization of
each immunoglobulin subclass on the Sephadex columns.

• Nonspecific trapping of an unknown quantity of antigen in
the Sephadex column.

• Quantity of saturation by antigens of antigen-binding sites
of an unknown quantity of immobilized immunoglobulin
subclass antibodies specific to each epitope is unknown. If
antigen-binding sites are saturated, the quantitation of bound
antigens may become unreliable because of the competition
for binding sites by identical or similar (isomorphic or
isomeric) antigens, which may lead to an underestimation
of immune-relevant antigens that are not bound because of
this process.

Potential Impact of Identification of Immunorelevant
Antigens
The aforementioned methods may be suitable for the
identification of hypothetical candidates for vaccine antigens.
Only future prospective vaccine trials using the antigens
identified could demonstrate that they elicit protective immunity.
This proposed project is only geared to help identify candidates
for such trials. A difficulty arising from the further use of native
proteins or protein complexes as vaccine candidates is mass
production. This has been brilliantly put in reference to
merozoite protein-containing vaccines:

In order to generate an immunogenic protein
aggregate, it would be desirable to mimic the
quaternary structure of merozoite proteins on the
merozoite surface (the reason why many viral
vaccines are so effective at inducing neutralizing
antibodies is that they deliver capsid antigens in
virus-like particles stabilized by native protein-protein
interactions). Although there have been recent major
advances in our knowledge of the protein-protein
interactions of merozoite surface proteins, it is not
yet possible to use this information to generate a
homo- or heteropolymer to test as a vaccine
candidate. Even with a more detailed picture of the
ultrastructure of the merozoite surface coat, however,
it would be technically difficult to produce a native
merozoite surface protein complex for use in a vaccine
consisting of recombinant proteins. [68]
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PEMS: parasitophorous vacuole membrane–enclosed merozoite structure
TFA: trifluoroacetic acid
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Abstract

Background: Cohort studies represent a strong methodology for increasing one’s understanding of human life-course development
and etiological mechanisms. Retention of participants, especially during long follow-up periods, is, however, a major challenge.
A better understanding of the motives for participation and attrition in cohort studies in diverse sociogeographic and cultural
settings is needed, as this information is most useful in developing effective retention strategies.

Objective: This study aims to improve our understanding of participation and attrition phenomena in a European cohort study
of very preterm/very-low-birth-weight (VPT/VLBW) infants from various sociogeographic and cultural settings to better understand
variability and ultimately contribute to developing novel and more “in-context” strategies to improve retention.

Methods: This study uses a triangulation of multisituated methods to collect data on various cohorts in the Research on European
Children and Adults Born Preterm (RECAP) network, which include focus group discussions, individual semidriven interviews,
and a collaborative, reflexive visual methodology (participant-generated VideoStories) with relevant key actors involved with
these cohort studies such as adult participants, parents (caregivers), cohort staff, health care professionals, and academic researchers.
The methodological strategy aims to provide a shared flexible framework of various qualitatively driven methods to collect data
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on VPT/VLBW adult and child cohorts, from which research partners may choose and combine those most pertinent to apply in
their own specific contexts. Data from all sources and sites will be submitted to a triangulation of phenomenological thematic
analysis with discourse analysis.

Results: As of January 2020, in this study, we enrolled 92 participants variously involved with child and adult RECAP partnering
cohorts from six countries. Multisite enrollment and data collection are expected to be completed in all seven study settings by
June 2020. Findings will be reported in future publications.

Conclusions: Qualitative research methods are a useful complement for enriching and illuminating quantitative results. We
expect that opting for a multisituated study approach addressing the interplay of the lived experience of individuals in both
researcher and researched stances of particular cohort study settings will contribute to filling some gaps in the understanding of
participation variability and effectiveness of different implemented strategies in context. Moreover, health research subjects have
traditionally been positioned as passive objects of study rather than active participants, even though they have the greatest stake
in improving health care policies and practices. Including collaborative methods allows us to counteract the “top-down” model
by handing over some research control to the very people who are providing the data on which research findings will be based
while also acknowledging the value of their involvement.

International Registered Report Identifier (IRRID): DERR1-10.2196/14997

(JMIR Res Protoc 2020;9(7):e14997)   doi:10.2196/14997

KEYWORDS

European cohorts; VPT; VLBW; preterm; participation; attrition; multi-situated qualitative study; collaborative visual methods;
triangulation

Introduction

Background and Rationale
The Horizon 2020 Project Research on European Children and
Adults Born Preterm (RECAP), funded by the European Union
(under grant agreement no. 733280; January 2017- March 2021),
brings together 20 population-based cohorts from 13 European
countries, with individuals born very preterm (VPT: <32 weeks
of gestation) or with very low birth weight (VLBW: <1500 g),
who were followed up since birth. The network includes cohorts
assembled over a period of 4 decades, presently covering a large
age span, from childhood (>7 years old) to early adulthood (<40
years old). The overall aim of RECAP is to improve health,
development, and quality of life of children and adults born
VPT/VLBW, by developing collaborative multidisciplinary
research on these geographically and temporal diverse cohorts
and optimize their use for innovation in practice and policy.

Cohort studies are a strong methodological approach to
understand human life-course development and causal
mechanisms. A major issue in long-term follow-up studies,
however, is that response decreases with a lapse of time between
recruitment and follow-up assessments. It is not clear how this
attrition influences the results of follow-up studies, different
research cases point to distinct outcomes [1], it is certain that
they become prone to considerable selection biases with losses
to follow-up and dropouts as little as 20% [2]. Cohorts are
complex research structures that require sustained involvement
of participants, professionals, funding, and supporting
infrastructure to ensure continued attention to timeliness,
attrition, and quality of collected information. Those
requirements are indispensable to meet high scientific standards
and allow appropriate translation of findings into clinical
practice and policy action. Retention of participants is a major
concern and a well-known challenge, and due to international

specificities in research regulation and contextual differences,
approaches to these issues will also necessarily vary.

Available evidence suggests that investigators should consider
using multiple strategies to maximize the retention of
participants and that the use of incentives is associated with an
increase in retention, which improves with greater incentive
value [3-5]. In 2011, the widely quoted systematic review of
Booker, Harding, and Benzeval [6] concluded that the use of
financial incentives was associated with an increase in retention
rates (we note that the expression “rate” is kept here as used in
referred sources). Whether cash was the most effective incentive
was not clear from studies that compared cash and gifts of
similar value. Relevant increases in retention were also found
for posting repeat questionnaires, using reminders as well as
offering alternative locations and modes of data collection [6].
Other studies also point out that the use of targeted strategies,
such as incentives to nonresponders from previous waves of
the study, is a cost-effective approach to retain participants at
high risk of dropping out and that regular contact between
participants and investigators enhances bonding and helps ensure
enduring identification with the study [7,8].

These are useful insights about how retention can be enhanced
by combining a number of strategies and bonding tools. It should
be noted, however, that most available sources on more
generalizable results, such as systematic reviews, are yet
constrained by the small number, geographical concentration,
scarce details, and inconsistent description of published studies
reporting implemented strategies. Inferential leaps or
generalization to other contexts and, subsequently, usefulness
of retention strategies investigated may differ. Further primary
research is needed to expand the population assessed and
diversity of study settings, especially in Europe. Moreover,
there is a paucity of literature regarding expectations and
motives for participation and for participants’ reluctance to
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continue in cohort studies, although such information is essential
to enhance recruitment and improve retention [9-11].

To improve understanding of the context of behaviors, survey
research, broadly referring to questionnaires and structured
interviews to obtain quantifiable aggregated data, provides
estimates of many variables. However, survey results are only
as good as the questions asked [12] and the potential of the data
generated is limited to the assumptions framing the response
options. A qualitative research approach is therefore a useful
complement for enriching and enlivening quantitative results.
Some of the distinctive features of this kind of approach are the
use of open, exploratory research questions and meaning-based
rather than statistical forms of data analysis, which tend to
potentiate the emergence of something new [13-16]. We expect
that opting for a triangulation of qualitative methods to garner
feedback from various parties involved with diverse cohorts’
settings will contribute toward filling some gaps in the
understanding of participation and attrition phenomena.

Overall Aim and Objectives
The overall aim of this study is to provide an insight into
participation and attrition phenomena in VPT/VLBW cohort
studies in various sociogeographic, linguistic, and cultural
settings in order to increase our understanding of variability
and to ultimately contribute to developing novel and more
“in-context” strategies to improve retention. It is a direct
response to RECAP’s concerns toward improving data
collection, follow-up, and participant involvement in cohort
studies.

Following the epistemological principle of valuing “in-context”
and nuanced inside knowledge from various parties, multisite
data collected for this study will contribute to the following
objectives:

• To explore perceptions, feelings, and expectations of parents
(caregivers) of children and adults born VPT/VLBW who
participate in European cohorts studies about enrollment
and continuity of participation.

• To explore the experiences and practices of diverse key
actors involved with cohort studies with regard to the
activities, procedures, and difficulties faced that may affect
participants’ attendance and commitment continuity to the
study.

• To investigate the interplay between lived experience and
expectations of cohort participants and the manifested
responses obtained by the professionals in follow-up
enquiries in different European studies.

Methods

Setting and Sampling
The study proposes a triangulation of multisituated methods to
collect data on RECAP’s cohorts in various European countries,
which include focus group interview, individual semidriven
interview, and a collaborative reflexive visual methodology.
Our methodological strategy provides a shared framework of
various qualitatively driven methods to collect data, from which
research partners may choose and combine those most
appropriate to their own particular contexts. A multisituated

approach not only comprises the concept of multisites or
multilocations [17], but also assumes the significance of situated
knowledge. It stresses the material, social, and political
conditions that contribute to gaining (multiple, partial, diverse)
knowledge, and the responsibility to consider them just as
valuable [18,19]. Given the framework constraints and nature
of the phenomena under study (eg, variety of cohort studies and
settings), we find it the most promising strategy to produce rich
multimodal and original data, which include diverse subjects’
voices, perceptions, and experiences.

As the study is focused on garnering feedback from various
parties involved in cohorts of RECAP’s network, potential
participants of this study will be found, contacted, and enrolled
with the collaboration of partnering cohort teams. The range of
participating cohorts will achieve a wide sociogeographic
heterogeneous sample inclusive of parents of children cohorts
and of cohort participants aged 18 years and over; health care
professionals; and other relevant key actors such as current and
former staff cohort members, representatives of parent
organizations, and academic researchers involved with
VPT/VLBW cohort studies in various European countries. The
sample should be varied enough to obtain feedback for most
experiences and perceptions in both research stances. In order
to satisfy the saturation criterion, a purposive (selective)
nonprobability sampling strategy will be used. The intended
total sample size is 120-130 participants to be recruited through
a range of multisituated methods from 7 to 8 different cohort
settings and countries. Accordingly, local protocols, setting,
methods, and sample determination in all sites will be discussed
and finalized with the study coordinator.

Data Collection
To be eligble, RECAP’s partnering cohorts have to identify a
researcher/translator, who can translate content into English,
with experience in qualitative research and methods to carry
out data collection locally and meet the requirements to conduct
one or more of the following proposed methodologies within
the cohort of its scope:

1. One or two focus groups with professionals or other relevant
key actors involved with the cohort, for a 1- to 1.5-hour
discussion. These discussions are conducted either in the
native speakers’ language or English (in case all potential
participants are proficient English speakers and the local
researcher finds it appropriate).

2. One or two focus groups with parents (caregivers) of
children or focus groups with adults who participate in the
cohort, for a 1- to 1.5-hour discussion. These discussions
are conducted in the native speakers’ language. In case of
groups comprising foreign are, immigrants, or languages’
participants speaking different languages, the local
researcher will choose the most inclusive language to
conduct the meeting.
When the approach to nonresponders from previous waves
of the study is available, particular effort will be placed in
inviting them to participate, stressing that this initiative has
the specific purpose of hearing from them about their
difficulties, constraints, and suggestions in order to find
more adequate strategies to meet their expectations. Partners
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may implement further incentive strategies to foster
participation, in case they find it appropriate.
Focus groups will attempt to include 5-7 participants, a
number large enough to generate a variety of perspectives
and small enough to allow every participant to engage in
the exploratory discussion in greater depth [20-22]. Focus
group discussions will be driven by 6-8 key issues
commonly defined to approach the phenomena under study
while including some in-context subtopics of discussion
elected by local partners as relevant to the specificities of
the cohort study and their particular participants (see
Multimedia Appendix 1). The exploratory approach chosen
by this study aims to potentiate the emergence of something
new from the discussions, and therefore, the moderator will
be as nondirective as possible and make use of the guide
of key issues to approach only as discussion triggers and if
not spontaneously approached by participants. These
discussions will also be used to explore the “territory” and
map key issues for further group or individual semidriven
interviews.
In cases where the cohort participants live far apart or are
more responsive to novel digital tools, online focus groups
on a secured forum can be considered. Participants in the
forum can either express an unlimited number of comments
on each of the defined 6-8 key issues to approach over the
course of a week or react to one key issue under discussion
per day. The advantage is that participants can express
themselves at their own convenience while incorporating
and reacting to the opinions of others. This often results in
less spontaneous interaction among participants, but more
focused output. For the particularities of this mediator, in
order to balance the variety of perspectives and
engagements generated in the discussion, the number of
participants suggested is 15-20 [23].
In cases where focus group discussions were considered
not feasible, or failed to reach saturation for one or more
key issues, or where a willing participant is only available
to be interviewed separately, individual semidriven
interviews may be conducted face-to-face, through
videoconference or teleconference.

3. Individual semidriven interviews are conducted in the native
speakers’ language for no more than 1 hour. These
interviews will be driven by the same 6-8 key issues
commonly defined to approach the phenomena under study
while including some in-context subtopics of discussion
selected by local partners as relevant to the specificities of
the cohort study and their particular participants.

4. Participant-generated VideoStories, a collaborative visual
methodology, with 4-7 cohort participants aged 18 years
and over or with 4-7 parents (caregivers) of children
participating in the cohort.
Photo and video elicitation are qualitative methods of
investigation in which images are used to facilitate
meaningful responses. Still images or video can be taken
by the researcher, pulled from a third-party source, or
generated by the research participants. In
participant-generated visual methodologies, the participant
is the one who generates the (audio)visual images that will
be further analyzed. These are used to elicit ethnographic

data and less-driven personal views while maximizing the
alternatives for individual expression and representation.
The collaborative methodology chosen for this study is
derived from photo/video voice process [24,25]. It is a
methodology well suited for a phenomenological analysis
focused on the meaning of behavior, narrative, and “lived
personal experience” [26]. Using collaborative techniques
that combine video-generated images and critical dialogue,
participants are expected to reflect in-depth on the
phenomena under study and communicate their concerns
to represent their personal experience and acquired
knowledge, as research participants expose individual and
social problems and ignite changes in behavior. Both the
researcher and the participants benefit. On one hand,
participants are encouraged to use their critical,
confessional, and authoritative/pedagogical voices to clearly
establish themselves as legitimate partners in the study
[27,28]. On other hand, through reflexivity, they come to
new understandings of their practices and behaviors,
prompting some to change or develop new strategies
[29-31], potentially increasing their identification with the
cohort studies and retention. It is also particularly
advantageous to prompt recall from multiple subjects
concerning their life events that the researcher cannot join
as a participant observer.
The VideoStories methodological process involves two
steps:
I. “VideoStories assignment”: In order to collect

audiovisual data that can be compared and contrasted
across participants, the participants will be given a
standardized assignment to record during a similar
visual narrative period. Each participant will agree to
generate a set goal of 3-4 videos, each with a maximum
length of 10 minutes (4-6 minutes ideally), shot on
different days, within a 1-week period. This will
encourage the participant to reflect in advance on what,
how, and when to shoot each video.

II. “VideoStories debriefing conversation”: During week
2, participants handover their photographs/videos to
the researcher. Copies of video files will be transferred
to the researcher and secured in a protected dedicated
storage. Each participant will meet with the researcher
at a mutually convenient place for the VideoStories
debriefing conversation. This is a semidriven interview
or image-elicitation interview [32-34], about the videos,
one by one, which should take no more than 1-1.5
hours.

In the European context, the mobile phone has replaced
other digital recording devices in the daily lives of a large
proportion of the population, crossing economic classes
and age groups, which converts this technology into one of
the most suitable tools for self-expression and
documentation. In addition to being familiar daily tools,
mobile phones are also easier to manipulate than video
cameras for basic video production. Since
participant-generated images in this study are only intended
for elicitation and will not be published or disseminated in
any form, no further training in video editing will be needed.
For these reasons, and anticipating that most of the willing
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participants will have their own mobile phones capable of
producing video images (minimizing the investment in
equipment acquisitions and training), we propose to use
this technology to generate VideoStories. In case a willing
participant does not have his/her own device, he/she will
be given access to video equipment.

Data Analysis
Data collected from multiple sites through a variety of proposed
methods will enable triangulation of data, comparing and
contrasting data from a range of sources and perspectives, thus
enhancing a more nuanced understanding of the phenomena
under study.

Interview data from all sources will be audio recorded,
transcribed, and translated into English by multisite partnering
researchers. It will then be used for triangulation of
phenomenological thematic analysis with discourse analysis.
Phenomenological analysis is an approach to qualitative research
with an idiographic (representational) focus, which means that
it aims to offer insights into how a given person, in a given
context, makes sense of a given phenomenon. As mentioned
earlier, it is focused on the whys; the meaning of behavior,
narrative, and “lived personal experience,” and has its theoretical
origins in phenomenology and hermeneutics. Following Edmund
Husserl and Wilhelm Dilthey’s hermeneutics, the concept of
“lived personal experience,” in which experience constitutes
the primary reality, includes not only behavior, acts, and
sentiments but also reflection of these on the inner, personal
experience [26,35].

Both visual and verbal depictions will be treated as narratives
and the focus is on a deep understanding of the meaning of
description. The meanings, usually implicit, need to be made
explicit with thematic analysis. The research team performing
the analysis will look then for recurrent themes and repetitions
(discursive formations) to determine if any patterns (or
representational axes) emerged. Usually, there are two types of
themes, collective themes that occur across contexts and groups
of participants having a similar experience, and individual
themes that are unique to a particular context or a few
individuals. Final interpretative analysis will emerge by the
generic application of the mode of contents contingency.
Contingency derives from Foucault’s definition of discursive
formation. It is the process of finding the regularity in discourse
dispersion.

Data will be sorted (“coded”) and then categorized by hand by
the research team performing the analysis and verified by the
local researchers involved with collection and translation of
multisite data. As the study will generate a large body of data,
NVivo2011 (a computer-assisted qualitative data analysis
software) may be used to handle and help highlighting
similarities and differences across the subsets of data for some
specific circumstances. However, the first principle of analysis
of phenomenological data is to use an emergent strategy, to
allow the method to follow the nature of the data itself, which
may emerge or change in the course of analysis. In
phenomenological thematic analysis and discourse analysis, we
abstract themes, discursive formations, and representational
axes, and we do not use “a priori coding” instrumentation. For

that reason, computer analysis support may only take a marginal
role.

Ethics and Dissemination
Despite some variation in the ways ethical approval practices
work across diverse social sciences research sectors, the issues
assessed by the ethics committees are common concerns to all
researchers and include items such as avoidance of harm,
researcher integrity, honesty, voluntary informed consent,
confidentiality of information provided by participants, and
anonymity. However, the general nature of these professional
codes and guidelines means that the ethical issues relating to
visual methods are not specifically addressed within most codes.
Concerns have been expressed among researchers that study
designs with a visual element may sometimes be seen with
distrust by ethical reviewers based only on unfamiliarity with
the methodology [36,37]. Yet, most ethical issues raised by
visual research are, arguably, the ones that are relevant to all
research. It is mainly the specific issue of dissemination of
identifiable images of individuals (and places) that presents the
most significant specific ethical challenge to manage in visual
research.

For visual research methods, it is important to consider consent
as pertaining to not just to the collection of images but also
processing and analysis, presentation, and dissemination of
images. In the light of this, it is advisable to request that
interviewees give consent to the fair handling of records to the
researcher. In the case of study participant—generated
audio-visual data, copyright rests with the respondents. The
researcher may only use the data as agreed with the author,
while the author may use and reuse them at his/her wish. While
legally the video or photograph taker owns the image and can
assign copyright or partial rights of use to the researcher if they
wish to do so, other people depicted in the images have not
necessarily given their consent to the image. Participants are
therefore encouraged to avoid the depiction of other persons in
their photographs/videos. In case they include other persons
(eg, their children or other family members), they are reminded
to always ask their permission, not shoot images that could be
embarrassing or troubling, and obtain their assent/written
consent for appearance release. Without fulfilling that
requirement, those images would not be processed by the
researcher.

For this study, neither researcher-generated nor
participant-generated audio and visual images will be released
for publication or dissemination. Therefore, consent will be
sought to participate in the research study and for the use and
processing of any generated audio or image records for
elicitation of information only within the research team for
analysis purposes. Publications and presentations from the study
will display findings anonymously (names, recorded utterances,
and other personally identifiable information will not be used).
Study participants will be given information about the project
orally as well as in written form. The methodological design
used in this study ensures that all prospective participants will
have the opportunity to discuss with the researchers
confidentiality and data security procedures as well as who will
see their information, before signing the informed consent. We
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also believe that creating processes of ongoing consent offers
a useful way of respecting the participants’wishes. It safeguards
the notion that if participants want it, they can withdraw or
propose changes to the limits of their given consent at any time.
If a participant decides to withdraw from the study, from that
date, the researchers will not use the information already
provided by the participant for any further analysis or
publications.

All researchers are also subject to legislation on data protection,
which demands that data are stored securely and do not lead to
any breach of confidentiality and anonymity. All generated data
within this study will be secured in a protected dedicated storage
and kept for a period of 5 years after the completion of the
RECAP Project. As data will be collected from different
European countries and handled by members of the research
team located in those countries, a secured access policy based
on a need-to-know basis principles and password protection for
electronic data will be implemented (ie, only the users who need
to access the data will be allowed to do so). Any assisting
nonresearcher interpreters-translators and transcribers to this
study will also sign a confidentially agreement. When research
records are to be destroyed, participants’ confidentiality will be
kept throughout the process.

In all fieldwork sites, approval by ethics committees,
data-protection authorities, and signed informed consents by
responders in their spoken languages will be sought according
to national rules. Additional measures to protect privacy may
be applied by the regions according to national rules and
requirements by local ethics committees.

Results

This paper focuses on the methodological research approach
used for this study and, therefore, the findings will be reported
in future publications.

The implementation of this study protocol involves multiple
resources for data collection from various cohort structures,
research institutions, and countries, requiring collaboration
between many involved parties. Due to international differences
in the regulation of research, diversity of cohorts, and particular
constraints of local research teams involved, it was defined a
flexible schedule for the multi-situated implementation of the
study.

As of January 2020, ethical clearance was obtained for seven
sites, three cohort studies of children in Denmark, Italy, and
Portugal and four cohort studies with participants aged 18 years
and over in Belgium, Finland, the Netherlands, and Norway. A
total of 92 participants variously involved with partnering
cohorts of children and adults born VPT/VLBW from six
countries were already enrolled to this study. To date, the total
sample comprises 29 professionals variously involved with
cohorts in five countries (including former and current cohort
staff members, health care professionals, and researchers
involved with these and other cohort studies), 26 parents of
children participating in cohorts are from three countries (of
which nine had failed to respond in one or more waves of the
studies), and 37 adult participants in cohorts from two countries.

Multisite enrollment and data collection are expected to be
completed in all seven study settings by June 2020. Although
subsets of data will be handed over for analysis at a different
pace, results are expected to be published by the end of 2020.

As described earlier, following the epistemological principle
of valuing situated knowledge, decision on data collection
methods was enabled by partnering researchers’ understanding
of their own particular contexts. By way of example, in the
Netherlands, adult participants in the Project on Preterm and
Small for Gestational Age Infants cohort were able to choose
to be interviewed by telephone, videoconference, or taking part
in online focus groups on a secured forum; whereas in Portugal,
all proposed methodologies were implemented face-to-face and
the researchers traveled to alternative locations to meet parents
of children participating in the Effective Perinatal Intensive
Care in Europe/Screening to Improve Health in Very Preterm
Infants in Europe cohort studies.

Discussion

In spite of the knowledge gained on participation and attrition
phenomena from systematic reviews, in-depth examination of
retention strategies, of how these were modified and adapted
over the cohorts’ follow-up, and potentially seeking other
strategic procedures that may have been effective toward
retention in existing research is needed. Published manuscripts
often do not reflect the varied strategies employed through the
duration of study and, moreover, do not test retention strategies
within their study. In fact, as concluded in a recent study via
survey and in-depth semistructured interviews, longitudinal
studies with high retention rates commonly used personalized
approaches and frequently tailored and revised retention
strategies specific to participants in their study cohorts [38].
This tailoring is enabled by an understanding of social, cultural,
and environmental contexts particular to the population studied.

The research approach chosen by this study has as particular
strengths its focus and design. The study focuses on motives
for participation and for participants’ reluctance to continue in
cohort studies in diverse sociogeographic and cultural settings,
while addressing the interplay of the points of view and lived
experience of individuals in both researcher and researched
stances. Considering both standpoints will allow us to better
understand the costs and benefits of different implemented
approaches and ultimately contribute to develop novel and more
“in-context” strategies to improve retention. The study design
resorts to a flexible shared framework for triangulation of
various qualitative methods to collect more in-context and
nuanced data from diverse sites and involved parties, including
a collaborative visual methodology. The potential of
collaborative methods and nontextual tools in social science
research (and namely in public health and related disciplines)
is now also widely recognized and well documented in its ability
to evoke more nuanced understanding of the ways in which
people experience and perceive their worlds [27,39-42].

As demonstrated by several follow-up studies, preterm birth is
associated with neuromotor and cognitive impairments,
psychiatric morbidity, and, among others, increased anxiety,
social rejection, and reduced self-esteem. When working in
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settings with communication barriers or with subjects who are
more introverted or cannot verbally express themselves because
of physical or language difficulties, collaborative visual methods
are invaluable additions to researchers’ methodological tools.
Another well-documented advantage is their transformative
impact on participants. For both researchers and research
subjects, they are a powerful and significant means of
communicating and discussing ideas while opening up ways of
seeing and knowing. Combined with others, collaborative
methods can be used to consider the vantage points of different
social actors and display complexity and heterogeneity that are
critical for understanding social issues. They do not necessarily
guarantee a better instrument, yet they do have the potential to
provide a larger pool of concepts to be considered in subsequent
research development or in interpreting already existing data
while building a more participatory relationship.

The study’s main challenge is the use of a situated approach
with multiple methods for data collection. It entails increased
effort and time while increasing the complexity of analysis.
Although not common in health-related research, as mentioned
in previous sections, an analysis of multimodal data collected

from different sources is established in social sciences as well
as the analytical strategy chosen [43]. Data collection and
analysis will be thus performed by a multidisciplinary team led
by social science researchers experienced in both.

Conclusions
The culturally sensitive, inclusive, and collaborative approach
to public health research on which this study is based expects
to inform future research through sharing knowledge about the
research process as well as its findings. This study argues for
collaboration as a means to empower participants to represent
themselves in the research process and in its findings in ways
that meet both researchers’ and their own expectations and
objectives. We find it the most promising strategy to produce
rich multimodal original data, which is inclusive of diverse
voices, perceptions, and experiences. We believe that handing
over some control to the very people who are providing the data
on which findings will be based and acknowledging the value
of their participation and involvement will not only enrich the
results but also potentiate their engagement and enduring
identification with cohort studies.
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