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Abstract

Background: Alcohol misuse is higher in the UK Armed Forces than in the general population. Previous research has shown
that interventions delivered via smartphones are efficacious in promoting self-monitoring of alcohol use, have utility in reducing
alcohol consumption, and have a broad reach.

Objective: This single-blinded randomized controlled trial (RCT) aims to assess the efficacy of a 28-day brief alcohol intervention
delivered via a smartphone app (Drinks:Ration) in reducing weekly self-reported alcohol consumption between baseline and
3-month follow-up among veterans who drink at a hazardous or harmful level and receive or have received support for mental
health symptoms in a clinical setting.

Methods: In this two-arm, single-blinded RCT, a smartphone app that includes interactive features designed to enhance
participants’ motivation and personalized messaging is compared with a smartphone app that provides only government guidance
on alcohol consumption. The trial will be conducted in a veteran population that has sought help through Combat Stress, a UK
veteran’s mental health charity. Recruitment, consent, and data collection will be carried out automatically through the Drinks:Ration
platform. The primary outcome is the change in self-reported weekly alcohol consumption between baseline (day 0) and 3-month
follow-up (day 84) as measured using the Time-Line Follow back for Alcohol Consumption. Secondary outcome measures include
(1) change in the baseline to 3-month follow-up (day 84) Alcohol Use Disorder Identification Test score and (2) change in the
baseline to 3-month follow-up (day 84) World Health Organization Quality of Life-BREF score to assess the quality of adjusted
life years. Process evaluation measures include (1) app use and (2) usability ratings as measured by the mHealth App Usability
Questionnaire. The primary and secondary outcomes will also be reassessed at the 6-month follow-up (day 168) to assess the
longer-term benefits of the intervention, which will be reported as a secondary outcome.
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Results: The study will begin recruitment in October 2020 and is expected to require 12 months to complete. The study results
will be published in 2022.

Conclusions: This study assesses whether a smartphone app is efficacious in reducing self-reported alcohol consumption in a
veteran population that has sought help through Combat Stress using personalized messaging and interactive features. This
innovative approach, if successful, may provide a means to deliver a low-cost health promotion program that has the potential to
reach large groups, in particular those who are geographically dispersed, such as military personnel.

Trial Registration: ClinicalTrials.gov NCT04494594; https://clinicaltrials.gov/ct2/show/NCT04494594
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Introduction

Alcohol Misuse Burden
Alcohol misuse is common in the UK Armed Forces (AF), with
the prevalence higher in the AF than in the general population
[1-4]. Research indicates that this trend continues after personnel
leave service (veteran or ex-serving is used interchangeably in
the UK) [1,5]. It has been estimated that more than 50% of those
who have left the AF meet the criteria for hazardous alcohol
use, a score of 8 or above on the Alcohol Use Disorders
Identification Test (AUDIT) [3,6].

Research has shown that individuals in the general population
underestimate their drinking and do not perceive it as
problematic, even at potentially harmful levels [7]. Young males
are at particular risk of underestimating their drinking [7]. This
pattern is similar among the UK AF, with less than half of UK
AF hazardous drinkers recognizing that they have an alcohol
problem [8]. There is also a culture of heavy alcohol use in the
UK AF, which is encouraged by the social environment and
carries on after personnel leave service [4,9,10]. Therefore,
leaving service could provide an opportunity to initiate behavior
change in settings with less peer pressure to conform to social
norms and promote alcohol awareness.

Focusing on personnel who have left service, a similar pattern
has emerged for those who are seeking support for mental health
problems and consume alcohol to cope. A recent study of
treatment-seeking UK service leavers identified that 43% of
respondents reported misusing alcohol and that alcohol misuse
was commonly comorbid with posttraumatic stress disorder
(PTSD) and common mental health difficulties such as anxiety
and depression [11]. Alcohol misuse can also have an impact
on treatment adherence. Treatment-seeking veterans with alcohol
misuse attended fewer mental health appointments and were
more likely to have a negative perception of mental health
treatment when alcohol misuse is comorbid with depression or
PTSD [12]. It is, therefore, important to develop interventions
that may target drinking to cope with motivations, which may
subsequently enhance engagement with mental health services
and improve mental health outcomes.

The impact of alcohol misuse by AF personnel on the wider
society (eg, health care utilization, productivity, and welfare)
is unknown; however, it is likely to be increased compared with

the general population. Research has indicated that heavy
drinking in England, which is frequently comorbid with mental
health difficulties [13], is estimated to cost the National Health
Service (NHS) of the UK £3.5 billion (US $4.4 billion) per year
(3.6% of its annual budget) [14].

Brief Interventions
There is a range of effective intervention options for
management and treatment of alcohol misuse categorized as
brief interventions, specialist treatment, and less intensive
treatments that span the two [15]. Personnel of the UK AF who
have left service typically access the same health care system
as the general public, and the same interventions are offered to
both groups.

Brief interventions for alcohol misuse are a popular management
and treatment option used in the UK general population, often
provided to individuals scoring 15 or below on the AUDIT [16].
A common theme among these interventions is the goal of
improving recognition, targeting the individual’s motivations
to reduce their alcohol consumption, and developing coping
strategies to control and reduce intake [15-17]. This includes
motivational interviewing, cognitive behavioral therapy,
behavior self-control training, behavior change, and coping
development, all of which are often tailored to the individual
by a clinician [15].

Brief interventions aim to raise awareness of the risks associated
with alcohol misuse and help individuals reduce their hazardous
drinking. Often brief interventions are delivered to individuals
who are not seeking help for alcohol misuse from a specialist
alcohol service and are delivered in the general community
setting (eg, general practitioners, hospital doctors, and nurses).
There is a body of research that confirms the efficacy of brief
interventions in reducing alcohol consumption and
alcohol-related harm for those drinking at a hazardous level in
the general population [18-20]. However, little is known about
their efficacy in the AF context [19]. Given the shared culture
in the military in which alcohol plays a meaningful role, it is
important to evaluate the efficacy of brief interventions in this
type of population.

Smartphone-Based Brief Interventions for Alcohol
Misuse
The last two decades have seen a proliferation in the use of
digital technologies to support brief intervention management
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and treatment of alcohol misuse in the general public; however,
little attention has been paid to the AF community [21-24]. In
the late 1990s, interventions were commonly delivered via a
computer using CD-ROM–based programs. However, with the
advent of the World Wide Web, many new opportunities arose
to harness increased reach, provide real-time monitoring, and
offer personalized treatment [25-31]. This includes the use of
SMS, which has been shown to be effective in encouraging
people to change their behavior [32-34].

Over the last 5 years, the mode of intervention delivery has
shifted from web- to smartphone-based [35]. Smartphone
interventions for alcohol misuse, such as Drink Less [24] and
Drink Aware [36], have several advantages over web-based
interventions. These include having a low cost per use, allowing
for rapid changes and iterative development, avoiding the stigma
associated with receiving help in person, and are highly
convenient because they can be used as and when the individual
wants (discreetly or openly). However, these smartphone
interventions are focused on the general population and do not
target individual beliefs, prevailing social contexts, and
perceptions of consumption experienced by the AF community
[9,37]. Smartphone-based interventions allow users to revisit
information about their drinking habits as often as they need to
and, thus, have the potential to promote positive behavioral
changes [18,38]. Furthermore, there are indications of the
potential of smartphone-based interventions being cost effective
if found to be efficacious [25,28,29].

Most existing alcohol apps targeted at the general public include
self-monitoring (eg, Drink Less [24], Drink Aware [36], and
One You Drinks Tracker [39]), whereby users are encouraged
to regularly record and monitor (via visual graphics) their
alcohol consumption within an app [24,40]. Self-monitoring
(or self-recording) has been found to be associated with
improved outcomes and an effective behavior change technique
(BCT) for reducing alcohol use. A BCT is defined as a specific
component of an intervention designed to change behavior and
a putative active ingredient in an intervention [21]. A review
of personalized digital interventions for reducing hazardous and
harmful alcohol consumption found that providing behavior
substitution, problem solving, and providing a credible source
were associated with better outcomes, including reductions in
alcohol consumption [41]. There are benefits to the use of digital
technology for the UK AF community. However, to date, there
is no published work that seeks to test a brief intervention
alcohol reduction app that is personalized to individual users
or targeted to support military veterans.

Study Aim
The aim of this randomized controlled trial (RCT) is to assess
the efficacy of a 28-day brief alcohol intervention delivered via
a smartphone app (Drinks:Ration) in reducing self-reported
weekly alcohol consumption between baseline and 3-month
follow-up (day 84) among veterans who drink at a hazardous
or harmful level and receive or have received support for mental
health symptoms in a clinical setting.

Methods

Ethical Approval
This study was approved by the local ethics committee of King’s
College London (registration number: HR-19/20-17438) and
registered as a clinical trial (registration number:
NCT04494594).

Study Design
This is a two-arm participant-blinded (single-blinded) RCT,
which compares a smartphone app (control arm) that includes
feedback on baseline self-reported alcohol consumption with a
smartphone app (intervention arm) that includes individualized
normative feedback, in addition to features designed to enhance
participants’ motivation, app interactive feedback, and
self-efficacy in modifying their alcohol consumption. We
hypothesize that the intervention arm app will be efficacious in
reducing alcohol consumption compared with the control arm
app. In this study, both the control and intervention arms will
be delivered via one smartphone app known as Drinks:Ration.
Participants in the control arm are given access only to the
alcohol consumption feedback on the basis of publicly available
health guidance [42] and reminder messaging to consult the
feedback. Those in the intervention arm are given full access
to the app, which includes all theoretically driven components
and messaging (discussed further in the Intervention section).
Both arms will be asked to use the app for 28 days. This study
is designed such that the control arm structurally resembles the
intervention arm but lacks the active ingredients (eg, drinks
diary, interactive drinking feedback, and goal setting). This
approach was selected to ensure (1) that both groups receive a
digital intervention, (2) uniformity and provide relevance to
real-world interventions, and (3) that participants are blinded
from the study arm they are assigned to. The trial is conducted
via the Drinks:Ration platform without any need for involvement
of the research team, including the collection of informed
consent and data collection. The study flow and data collection
points are shown in Figure 1.
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Figure 1. Study flow diagram. Data collected on day 7/14/21 are required to tailor and personalize the messaging of the Drinks:Ration app for the
intervention arm. Primary and secondary outcomes are assessed at day 84, with the outcomes reassessed at day 168 to assess the longer-term benefits
of the intervention.

Study Sample
Participants may have been, or are presently, receiving treatment
through Combat Stress. Treatment offered via Combat Stress
is for depression, anxiety, and PTSD. However, Combat Stress
does not offer alcohol treatment services. The eligibility criteria
are as follows:

Inclusion Criteria
Participants will be included in the study if they have
downloaded the app onto an iOS or an Android device, are aged
18 years or older, live in the United Kingdom, consume 14 UK
units (approximately 140 g) of alcohol or more per week as

measured using Timeline Follow-back for alcohol consumption
(TLFB) [43] at baseline (day 0), provide a mobile phone
number, and are veterans of the UK AF. A minimum threshold
of 14 UK units of alcohol per week is used in this study to reflect
scientific research and UK national guidelines that indicate that
regular drinking of more than this threshold risks damage to
health [44,45]. It is important to note that in the United
Kingdom, individuals are defined as veterans if they have
completed a minimum of 1 day paid employment in the UK
AF.
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Exclusion Criteria
Participants will be excluded if they are listed as being red risk
by Combat Stress, which is determined by the clinical team
following an initial assessment and is based on a traffic light
system to assess risk, where red indicates an immediate high
risk to the individual and/or others. Red risk is applied
independently of the research team and is used only where
participation in the study could impact clinical treatment. The
exclusion applies only during the contact list data extraction.
Participants will be excluded if they do not have a mobile phone
or have not given the Combat Stress consent for contact for
research purposes.

A power calculation was performed based on previously
reported data from Combat Stress [11,46]. This study requires
a sample of 37 participants in each arm, with an 80% power to
detect with a probability of 5% mean change in alcohol
consumption of 4 UK units (approximately 40 g of alcohol per
week, 10 g per unit) between control and intervention arms, at
3-month follow-up (day 84). Four units have been selected
based on these 2 criteria: (1) reductions observed in similar
studies [4,8,22,24,47] and (2) reductions observed in the
feasibility trial of Drinks:Ration, which found a 7 UK-unit
decrease at week 4. We aim to invite a minimum of 620 veterans
to participate in the study to account for a 30% acceptance of
invitation and 40% attrition rate.

Recruitment
This study will recruit participants through Combat Stress
(established in 1919), a third-sector charitable organization that
provides mental health services, including substance misuse to
UK veterans. It is the largest military charity in the United
Kingdom in terms of the number of individuals treated,
providing both inpatient and outpatient secondary mental health
services to veterans and specializing in PTSD. Since 2011,
Combat Stress has been funded by the NHS in the United
Kingdom to provide a national specialist PTSD clinical service
for veterans [48]. Combat Stress facilitates access to eligible
participants and jointly with King’s College London oversees
any risks that arise as a result of participation in the study. It is
important to note that although this study uses a sample of
veterans from Combat Stress, it is hoped that Drinks:Ration
will be useful for the wider veteran community.

Potential participant contact details (postal address and/or email
if available) will be extracted from the Combat Stress Patient
Management System for those who meet the study eligibility
criteria and who have provided consent to be contacted for
research purposes. Only those who have had contact with
Combat Stress over a 2-year period between January 1, 2018,
and December 31, 2019, will be contacted. It is estimated that
about 3000 patients with Combat Stress are eligible to be
contacted by the research team.

Where contact details are available, eligible participants will
be invited to take part via email in the first instance. The first
contact will include an explanation of the study, link to the
participant information sheet, and instructions on how to
download Drinks:Ration using a unique quick response (QR)
code. Once participants have downloaded the app, they will be

invited to report alcohol consumption using TLFB for alcohol
consumption [43] for the last 7 days and confirm the military
serving status (to validate eligibility). Those meeting the study
eligibility criteria will be invited to register an account and
complete the baseline questionnaire (day 0).

Randomization and Blinding
Randomization occurs when a QR code is generated and a
unique proxy identifier and participant gender are assigned. At
this point, participants are automatically randomized to receive
the control or intervention arm (see the Intervention section)
and are blinded. Block randomization of size 2 will be used to
ensure equal gender distribution across both conditions. The
randomization procedure is carried out automatically by the
Drinks:Ration platform with no human involvement, except to
provide a proxy identifier and gender. The research team will
be blinded to the randomization of the participant, except for
DL, who led the development and will manage the
Drinks:Ration app throughout the study.

Intervention
The Drinks:Ration app, formerly called InDEx [49-51], has
been developed following the Medical Research Council
Complex Intervention Guidelines and using co-design
methodology. It has been developed by the King’s Centre for
Military Health Research (at King’s College London) and the
University of Liverpool, supported by experts in smartphone
app development, epidemiology, addiction psychiatry, and
military mental health. The app is designed to support veterans
drinking at a hazardous or harmful level by providing bespoke
advice and support over a 28-day period. The app is designed
to enhance participants’ motivation and self-efficacy in
modifying their alcohol consumption by means of BCT in the
content displayed (Multimedia Appendix 1) and the messaging
sent to participants. The iterative development process,
theoretical framework, and feasibility trial have already been
reported [49-51]. Briefly, Drinks:Ration has been developed
and tested with the following 5 core modules:

1. Account management: participants can modify personal
information (eg, first name and mobile number) and app
parameters (eg, automatic logout, clear local storage,
data-sharing permission, and exiting the study).

2. Questionnaire and individualized normative feedback: it
captures the participant’s responses to a set of questions
and aggregates responses to produce an individualized
infographic that represent the participant’s alcohol
consumption compared with the general population, the AF
Community, and other participants of Drinks:Ration.

3. Self-monitoring and feedback: it records alcohol
consumption by participants and provides a range of visual
illustrations (eg, charts, figures, and texts) to allow for
monitoring of alcohol consumption. Moreover, the
participants can select visual metrics relevant to their
interest (eg, calories, cost, and exercise required).

4. Goals (setting and review): participants can set goal(s) based
on the implementation intentions (if and then) [52]
methodology; visual feedback provides feedback on
progress toward achieving set goal(s).
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5. Personalized messaging: participants are sent tailored
messages via push notification or SMS text messaging that
provides prompts to use the drinks diary, suggests
alternative behaviors, and provides feedback on set goals.

The app is compatible with all modern iOS- and
Android-supported devices, and no involvement of the research
team is required for participant enrolment. Data is collected,
managed, and processed using the Google Firebase server
infrastructure in London, United Kingdom.

In this study, the intervention arm will receive the app with all
functionalities, including push notifications and SMS text
messaging. The control arm participants will have access to
only the questionnaire and feedback module and will not receive
any form of personalized messaging, except prompts to complete
questionnaires and reminders to review alcohol consumption
feedback (see the Message section for more information).
Participants in both arms will complete additional questionnaires
on their mood and general mental health when responding to
the weekly questionnaires. These responses will be used to
personalize the content of the app and push notifications and
SMS text messaging delivered to the intervention arm only.

Participants in both arms will be asked to use the app for 28
days. After which, they can continue to use the app; however,
they will not receive personalized messaging, and the data
collected after this point will not be used in the analyses.
However, participants will receive a reminder message on day
84 and day 168 to complete questionnaires.

Messaging: Push Notifications and SMS Text
Messaging
In addition to the Drinks:Ration app, participants will receive
personalized push notifications and SMS text messaging that
provide prompts to use the drinks diary, complete
questionnaires, suggest alternative behaviors, provide feedback

on goals, and promote a healthy lifestyle. A bank of personalized
messages (both for SMS text messages and push notifications)
informed by 180 tailored messages developed previously (which
are informed by the Health Action Process Approach framework
and targeted toward specific BCTs) [49] will be used.

Drinks:Ration uses baseline and contiguous measurements (day
7/14/21) to inform the type of message a participant receives
to provide an individual participant-centric approach. Baseline
measurements are used to identify suitable messages, and as a
participant engages with Drinks:Ration, continuous
measurements, including questionnaires (baseline and weekly
questionnaires) and the drinks diary, are used to reflect current
behavior and attitude. The messages cover a wide range of topics
to target beliefs and motivations, with the primary aim of
increasing the participant’s awareness of their drinking habits
and behaviors. The messages are divided into 3 categories:

1. Tailored: personalized to drinking habits, baseline, and
weekly questionnaires;

2. Tailored and triggered: tailored to baseline and contiguous
measurements and a specific event occurring; and

3. Targeted (generic): sent on specific days to highlight
inactivity, as a reminder to complete a questionnaire, or to
alter participants to a new feature.

A participant can receive a maximum of 20 messages over the
28-day period, with a maximum of 2 messages in a single day.
The system automatically decides when a message should be
sent and the mode of delivery (push notification or SMS text
messaging). A list of targeted (generic) messages to be sent to
participants is defined in Table 1; except the messages listed in
this table, participants in the control arm will receive no other
messages. Participants in both arms will receive a generic
message designed to promote retention of the Drinks:Ration
app to allow for follow-up data collection. This will be sent
monthly.
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Table 1. A list of targeted (generic) messages and the day on which they are sent.

Study armMessage contentDay

Intervention0 • Title: Welcome to Drinks:Ration
• Message: Your signup is complete. Remember to log last week’s alcohol consumption

Control0 • Title: Welcome to Drinks:Ration
• Message: Your signup is now complete

Intervention2 • Title: Time to set a goal?
• Message: Why not set a goal to reduce the amount you drink? You can start now by clicking on the

goals tab in the app…

Control7 • Title: Drinking Advice
• Message: Remember to open Drinks:Ration for advice on how to make your alcohol consumption

Intervention13 • Title: Remember the diary
• Message: Completing the drinks diary each day allows you to see how well you are doing!

Intervention and control14 • Title: Let us know…
• Message: Remember to open the app to tell us how you’re doing

Intervention18 • Title: Remember to monitor
• Message: Monitoring what you drink is proven to help you cut down—why not start fresh this week?

Intervention and control21 • Title: Be aware!
• Message: It is good to be aware of what you drink. Monitoring your alcohol consumption really can

help your health!

Intervention23 • Title: Think…
• Message: Using Drinks:Ration may have changed some of the drinks you usually have. Try and think

how you can keep it up!

Intervention and control28 • Title: Let us know…
• Message: Please let us know how you’re getting on!

Intervention and control56 • Title: Keep checking in…
• Message: Please remember to open the Drinks:Ration app

Intervention and control84 • Title: Let us know…
• Message: Please let us know how you’re getting on!

Intervention and control112/140 • Title: Keep checking in…
• Message: Please remember to open the Drinks:Ration app

Intervention and control168 • Title: Let us know…
• Message: Please let us know how you’re getting on!

Measures
A summary of the measures and data collection timepoints in
this study are detailed in Table 2.

Baseline Measures
Upon successful registration, participants will complete a
baseline questionnaire to assess physical and mental health,
health status, resource utilization (eg, visits to hospital because
of alcohol, and days in hospital because of alcohol), and
sociodemographics (eg, age, gender, ethnicity, employment
status, and occupation).
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Table 2. Summary of measures and data collection timepoints.

1688428211470Day or measure

Questionnaires (Multimedia Appendix 2)

——————cIa/CbInformed consents

——————I/CSociodemographic

I/CI/CI/C———I/CResource utilization

I/CI/CI/CI/CI/CI/CI/CDepression (PHQ2d) [53]

I/CI/CI/CI/CI/CI/CI/CAnxiety (GAD2e) [54]

I/CI/CI/C———I/CInternational Trauma Questionnaire for PTSDf [55]

I/CI/CI/C———I/CReadiness to Change Ruler [56]

I/CI/CI/C———I/CSelf-Efficacy Ruler [56]

I/CI/CI/C———I/CAlcohol Use Disorder Identification Test [57]

I/CI/CI/C———I/CWorld Health Organization Quality of Life-BREF [58]

I/CI/CI/C———I/C7-day Timeline Follow-Back for alcohol consumption [43]

Usability evaluation

——I/C————Qualitative interviewsg

——I/C————mHealth App Usability Questionnaire [59]

Remote data collection

I/CI/CI/CI/CI/CI/CI/CWearable sensorsh

I/CI/CI/CI/CI/CI/CI/CSmartphone sensorsh

aI: Intervention arm.
bC: Control arm.
c—: no data is collected during this period.
dPHQ2: Patient Health Questionnaire 2-item.
eGAD2: Generalized Anxiety Questionnaire 2-item.
fPTSD: posttraumatic stress disorder.
g20 participants will be invited to participate in a qualitative interview.
hAdditional participant consent required.

Outcome Measures
The primary outcome measure is the change between
self-reported alcohol consumption as measured by the 7-day
TLFB [43] over the previous 7 days between baseline (day 0)
and 3-month follow-up (day 84). Participants will be asked to
report how many drinks they consumed over the last 7 days as
well as the type of drink they consumed on each day. Using the
standard unit of measurements (Multimedia Appendix 3),
weekly alcohol consumption will be determined by summing
the number of units assigned to each drink. The TLFB has been
extensively used to assess alcohol consumption and has
demonstrated good test-retest reliability [43,60]. Secondary
outcome measures will be (1) change in the baseline to
follow-up AUDIT score and (2) change in the baseline to
follow-up World Health Organization Quality of Life-BREF
(WHOQOL-BREF) score to assess quality of adjusted life years.
Process evaluation measures, following the model by
Donabedian for evaluating quality of care [61], will be (1) app
use (number of app engagement, screen views, and user
retention) and (2) usability ratings as measured by the mHealth

App Usability Questionnaire (MAUQ) [59]. A 3-month
follow-up period was selected to assess the short-term benefits
of the intervention on participants. The primary and secondary
outcomes will also be reassessed at 6-month follow-up (day
168) to assess the longer term benefits of the intervention and
will be reported as a secondary outcome.

Study Debrief
At the end of the follow-up period, a random selection of 20
participants (10 from each study arm) will be invited to take
part in a 60-min debrief session. The aim of this is to understand
more about their use and experience of the Drinks:Ration app.
During the session, participants will be asked to share their
views on acceptability and usability and what can be done to
improve their experiences. This will be done via telephone and
transcript generated and used for analysis. Participants taking
part in the debrief session will have the opportunity to view and
discuss their own data.
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Study Withdrawal and Consent
Informed consent will be sought from all participants via the
Drinks:Ration app before the collection of any personal data,
and they will be informed from the outset that they can withdraw
from the study at any time. Individual optional consent
(screenshots presented in Figure 2) will be sought for access to
the GPS location, sending of push notifications, or SMS text
messaging. In addition, to promote open science, consent will

be sought from participants to share their data anonymously for
research purposes. These data will be released upon completion
of the study. Only the questionnaire response, remote
measurement technology data, and alcohol consumption
statistics will be shared. All data will be deidentified, and no
personal data will be released. Participants can change optional
consents at any time via the settings page of the app until
analyses are performed at which point data will be extracted
and analyzed.

Figure 2. Consent flow screenshot examples presented to all participants of the study.

Participants can withdraw from the study at any time within the
Drinks:Ration app (Figure 3). Participants can choose to
withdraw from the study but allow the research team to use the
data or delete their account by contacting the research team.
We anticipate several reasons for withdrawal from the study,
such as:

• Participant choosing to no longer take part in the study:
participants will be informed via the Drinks:Ration app that
participation is voluntary and that they can withdraw from
the study at any point without providing a reason.

• Adverse event: participants may be withdrawn by the
research team in the event of an adverse event, protocol
violation, technical, administrative, or other reason(s).

Figure 3. Participant withdrawal screen with includes the ability to delete account or withdraw from the study.

In the event that participants choose to withdraw from the study,
we will provide prompt for a reason as to why they are
withdrawing; however, providing a reason will be optional.
Participants will be asked to uninstall the Drinks:Ration app.
All data, including those from withdrawn participants, except
the anticipated rare request for their data to be deleted, will be
included in the final analysis.

Adverse Events
It is not expected that participation in this study will lead to an
increase in alcohol consumption. Nevertheless, in an adverse
event, defined in this study as participants reporting (via the

drinks diary or during contact with the research team) that they
have consumed more than 25 UK units of alcohol within a
24-hour period, participants will be contacted by the research
team, which includes the clinicians (Dr Dominic Murphy,
Clinical Psychologist, Head of Research, Combat Stress and
Dr Cerisse Gunasinghe, Counseling Psychologist, King’s
College London), to perform a clinical interview and risk
assessment. If concerns remain, a signposting booklet to relevant
charities will be provided to the participants. The study
clinicians may register an adverse event and withdraw the
participants from the study; however, any data collected before
withdrawal will be used for analysis.
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Follow-Up Procedure and Data Monitoring
The research team will monitor incoming data to ensure that
the app is functioning correctly. The research team will not
contact participants outside automatic messaging of the app
unless they reach out to the research team with queries, for
example technical issues, or if they are unsure of how to perform
a task with the app.

Additional Data Collection
Additional data will be collected during this study for future
research. Participants can opt out for additional data collection
at any time.

Physical Activity Data Streams
Individual consent will be sought from participants at baseline
(day 0) to collect physical activity data using Google Fit and
Apple Health Application Programming Interface. The
information to be extracted includes heart rate, distance
travelled, activities, height, and weight. The aim of this study
is to assess the feasibility of monitoring participants who
consume alcohol at a hazardous or harmful level. The findings
of this study will be reported elsewhere.

Statistical and Data Analysis Plan
Statistical analysis will be performed after completing the
data-collection phase. No interim analysis will be undertaken.
The threshold for statistical significance will be P=.05, and
effect sizes will be reported. Descriptive statistics (eg,
demographics and response rate) and independent sample t tests
and chi-square tests will be carried out to explore and identify
potential differences between the intervention and control arms
at follow-up. An intention-to-treat method will be used for
primary outcome analysis such that those who are lost to
follow-up will be retained in the primary analysis. Multiple
imputation will be performed to estimate missing data, where
appropriate. The primary outcome analysis will examine whether
there is a statistically significant difference between the
intervention and control arms on change in self-reported TLFB
UK units consumed (as stated earlier, a difference of 4 UK units
will be considered meaningful). Repeated-measures mixed
modeling analyses will be conducted to examine the primary
hypothesis that those who receive the full functionality of
Drinks:Ration will report a greater reduction in alcohol
consumption compared with control participants from baseline
to 3-month follow-up (day 84). For the secondary outcomes,
changes in the AUDIT score and WHOQOL-BREF computed
quality of adjusted life years will be assessed using
repeated-measures mixed modeling. These analyses will be
repeated to assess changes between baseline and 6-month
follow-up and will serve as a secondary outcome to assess the
longer-term impact of the intervention on participants. These
analyses will be reported as secondary outcomes.

For process evaluation measures, app utilization will be assessed
using descriptive statistics of frequency of engagement using a
previously published procedure [62]. This will include the
number of times the app is initialized (started when not running
in the background), the average session duration (time spent
using the app overall and for each page), the number of times
a participant performs an interaction (synchronize data, add a

drink, or add a message rating), and the number of weeks in
which participants remain engaged with the app. Participant
engagement is defined as having at least 3 interactions in a 7-day
period, other than receiving push notifications or SMS text
messages, and will be used as a proxy for usability. An
independent sample analysis will be carried out to explore and
identify differences between the intervention and control arms.
Usability of Drinks:Ration will also be reported using
descriptive statistics and thematic analysis of debrief sessions.
Finally, analyses will be carried out to identify differences
between the intervention and control arms in app experience
(as measured by MAUQ). In the pursuit of open science, data
and code syntax will be published alongside reporting of the
trial. As this is a single-blinded RCT, an independent researcher
(who will be blinded to allocation) will review all analyses and
data before publication. This study will be reported following
the Template for Intervention Description and Replication [63]
and CONSORT (Consolidated Standards of Reporting Trials)
checklist [64].

Results

Development of Drinks:Ration is complete. Owing to the
lockdown as a result of COVID-19, the RCT will start in
October 2020. As participants can start at different timepoints,
we aim to complete all data collection by October 2021. The
results of this study will be communicated via publication.

Discussion

Alcohol misuse is a persistent problem in the UK AF, with
estimates forecasting that more than 50% of those who have
left the AF meet the criteria for hazardous alcohol use. This is
almost double that of the general population [65]. New and
innovative modes of delivery and digital interventions are
required to meet this demand [66]. At present, there are no
smartphone-based alcohol interventions targeted toward the AF
to reduce alcohol misuse, with estimates indicating that more
than 50% of veterans misuse alcohol use [3]. Therefore, we
have developed a theory-driven and user-centered smartphone
app, which may help fill this gap in treatment. However, its
efficacy, usability, and functionality need to be ascertained in
a fully powered RCT. This study protocol describes the design
of an RCT to determine the efficacy of Drinks:Ration within a
treatment-seeking veteran population.

To our knowledge, this is one of the first studies to examine the
efficacy of a smartphone app to reduce hazardous/harmful
alcohol consumption in a treatment-seeking veteran population
that has been developed based on empirical evidence,
development guidelines, and co-design. Although this study
uses a veteran sample recruited from Combat Stress, it is
expected that the findings will be generalizable to the wider
veteran community, as Combat Stress is a countrywide
organization.

Previous research has shown that veteran alcohol misuse is often
highly comorbid with other mental health conditions, which
has been shown to have a negative impact on health treatment
utilization and that veterans attend fewer health appointments
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[11]. The use of a smartphone app combined with personalized
messaging and formative feedback may provide a cost-effective
strategy to deal with the barriers to improving drinking behaviors
and increasing mental health care adherence in the UK AF
community. These proposed methods may build self-efficacy
and promote behavior change in reducing alcohol intake. A
novel aspect of this study, which has the potential to improve
health care engagement and utilization, is the use of push
notifications combined with SMS text messages to support
behavior change. To our knowledge, this is one of the first large
trials of a text messaging intervention to promote reductions in
alcohol consumption in the AF community.

A key strength of this study is the collaboration between the
charitable sector, academia, and the UK AF, which has enabled
the development of Drinks:Ration. A further strength includes
remote delivery via smartphones, so that there will be no issues
with availability or geographical limitations for participants.
The app can also be used on iOS and Android devices. However,
our app requires an active data connection for the app to function
when logging questionnaires to generate normative feedback.
This is to operate the personalization algorithms. We anticipate
several challenges in this study. First, our ability to recruit and

retain sufficient number of participants to power our analysis,
as it is known that many of those who have alcohol-related
problems are reluctant to seek help to ameliorate their problems.
We planned our recruitment approach following the best practice
to mitigate this issue. Further, the app has been designed to
promote its active use, with frequent reminders, which is
expected to promote adherence to the app. Second, we expect
that some participants may encounter technical issues related
to the app (eg, unable to log drinks and unable to receive
notifications) or the mobile device. To mitigate potential
technical or mobile device issues, we have undertaken extensive
testing across a range of popular mobile devices and we will
allow participants to provide in-app feedback that will be
regularly monitored by the research team. Third, the impact of
COVID-19 on the study, participant recruitment, engagement,
or attrition is unknown. The research team will monitor the
situation and handle issues as they arise. Finally, we
acknowledge that our sample comprises participants who may
be undergoing active treatment. To mitigate this risk, we will
undertake statistical analyses to compare the control and
intervention arms, and, where identified, these differences will
be highlighted when reporting the trial.
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Abstract

Background: Guideline-directed medical therapy (GDMT), optimized to maximum tolerated doses, has been shown to improve
clinical outcomes in patients with heart failure (HF). Timely use and optimization of GDMT can improve HF symptoms, reduce
the burden of hospitalization, and increase survival rates, whereas GDMT deferral may worsen the progression of HF, decrease
survival rates, and predispose patients to poor outcomes. However, studies indicate that GDMT remains underused, with less
than 25% of patients receiving target doses in clinical practice. Telemonitoring is a potential component in the management of
HF that can provide reliable and real-time physiological data for clinical decision support and facilitate remote titration of
medication.

Objective: The primary objective of this study is to evaluate the impact of remote titration facilitated by telemonitoring on
health care outcomes, with a primary outcome measure being the proportion of patients achieving target doses. The secondary
objective is to identify the barriers and facilitators that can affect the implementation and effectiveness of the intervention.

Methods: A mixed methods study of a smartphone-based telemonitoring system is being conducted at the Peter Munk Cardiac
Centre (PMCC), University Health Network, Toronto. The study is based on an effectiveness-implementation hybrid design and
incorporates process evaluations alongside the assessment of clinical outcomes. The effectiveness research component is assessed
by a two-arm randomized controlled trial (RCT) aiming to enroll 108 patients. The RCT compares a remote titration strategy that
uses data from a smartphone-based telemonitoring system with a standard titration program consisting of in-office visits. The
implementation research component consists of a qualitative study based on semistructured interviews with a purposive sample
of clinicians and patients.

Results: Patient recruitment began in January 2019 at PMCC, with a total of 76 participants recruited by February 24, 2020 (39
in the intervention group and 37 in the control group). The final analysis is expected to be completed by the winter of 2021.

Conclusions: This study will be among the first to provide evidence on the implementation of remote titration facilitated by
telemonitoring and its impact on patient health outcomes. The successful use of telemonitoring for this purpose has the potential
to alter the existing approach to titration of HF medication and support the development of a care delivery model that combines
clinic visits with virtual follow-ups.
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Introduction

Background
Heart failure (HF) is a global public health problem affecting
an estimated 26 million worldwide [1]. Researchers estimate
that more than 1 million people in Canada are living with HF,
about 50,000 new cases are diagnosed each year, and HF costs
the Canadian health care system Can $2.8 (US $2.12) billion
annually [2,3]. The rapidly aging population in developed
countries and improved prognosis of HF are contributing to the
increasing prevalence of people with HF. However, although
HF prognosis has improved, the long-term mortality rates for
the condition remain high. Approximately 1 in 3 patients
admitted to the hospital with HF still die within a year and
approximately 1 in 2 die within 5 years [4].

In addition, HF accounts for 1% to 2% of direct health care
expenditure in developed countries [5] and the cost to our health
care system is expected to grow with the aging of the population
and rising prevalence of HF. In Canada alone, studies found
that in 2013, HF hospitalizations accounted for Can $482 (US
$364.34) million in spending. By 2030, the amount is estimated
to increase to Can $722 (US $545.75) million [6].

Over the past few years, significant progress has been made in
pharmacological therapies for HF. Guideline-directed medical
therapy (GDMT) for patients with HF, comprising
angiotensin-converting enzyme inhibitors (ACEIs), angiotensin
receptor blockers (ARBs), angiotensin receptor-neprilysin
inhibitors (ARNIs), beta blockers (BBLs), and mineralocorticoid
receptor antagonists (MRAs), has been shown through
randomized controlled trials (RCTs) to improve symptoms,
reduce the burden of hospitalization, and increase survival rates
[7]. Conversely, a meta-analysis conducted in 2017 by Zaman
et al [8] showed that a 1-year deferral of treatment could reduce
the 1-year survival rate from 90% (if treated) to 78%. GDMT
deferral may also worsen HF progression and predispose patients
to worse outcomes [9]. Clinical guidelines recommend
up-titrating these treatments to maximum tolerated doses [10].
However, these successes have not fully translated into clinical
practice, as studies and registries consistently report that
evidence-based pharmacotherapies for HF are severely
underutilized [11,12].

Barriers including patient-related factors such as time constraints
and financial limitations, physician-related issues such as
knowledge of drug therapy optimization, and institution-related
logistical issues surrounding clinic visits often complicate the
titration process [13]. In addition, the dynamic nature of HF
presents challenges in patient care and management, with
patients receiving care in primary, acute, and community care
settings and with frequent transitions between care providers

[14]. These frequent transitions of care across multiple providers
and multiple settings are poorly coordinated and often
exacerbate the difficulty of medication titration [15]. All these
factors impede timely optimization of vital therapy for patients
with HF, which is particularly detrimental because delays in
therapy can lead to significant disease progression that may
have been preventable [9].

Telemonitoring is a potential component in the management of
HF that can provide reliable and real-time physiological data
for clinical decision support, alerting, and patient
self-management. Telemonitoring enables patients to track vital
signs and symptoms and receive automated instruction and
clinical intervention during teachable moments (ie, clear actions
are provided when the context is most appropriate). The acquired
physiological and symptom data can also help inform clinical
decisions by health care providers, such as remote titration of
medication [16].

Objectives
This study aims to explore how the combination of remote
titration and telemonitoring affects GDMT optimization
compared with standard of care. The study takes a dual focus
in assessing both the clinical effectiveness and implementation
of the intervention. The primary objective of this study is to
evaluate the impact of remote titration facilitated by
telemonitoring on health care outcomes, including the proportion
of patients achieving target doses, time to dose optimization,
and patient health outcomes. The secondary objective of this
study is to obtain a deeper understanding of the experiences of
clinicians and patients with HF participating in the remote
titration program to identify factors that affect the
implementation of the intervention.

Methods

Study Design Overview
The study is based on a type 1 effectiveness-implementation
hybrid design. In this type of study, the primary aim is to
determine effectiveness, and the secondary aim is to explore
the implementation of the innovation [17]. This is a mixed
methods study with 108 patients with HF, consisting of an RCT
and a qualitative study. The RCT predominantly addresses the
effectiveness component while providing supporting data for
the implementation component of the research. The qualitative
study predominantly addresses the implementation component
while providing supporting data for the effectiveness component.
In addition, the study included an internal pilot [18] that aimed
to identify the most suitable primary outcome measure and
obtain more accurate data to inform an appropriate sample size
calculation.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e19705 | p.22https://www.researchprotocols.org/2020/10/e19705
(page number not for citation purposes)

Artanian et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/19705
http://www.w3.org/Style/XSL
http://www.renderx.com/


This study has received approval from the research ethics boards
of the University of Toronto (research ethics board number
00036655) and the research ethics boards at the University
Health Network (UHN; research ethics board number 18-5351),
where patients are recruited and patient data are stored. The
study has also been registered at ClinicalTrials.gov
(NCT04205513).

Sample Size Calculation
One of the main outcome measures of this study, the number
of visits required to complete titration, was used to calculate
the initial sample size based on data obtained from the existing
literature. Assuming biweekly titration over a period of 3 to 6
months (ie, 9±3 visits in total for the control group) as
recommended by HF guidelines [10,19], a reduction of at least
35% in the number of visits for the intervention group, 80%
power, and α=.05 (two-sided), the sample size per group was
calculated to be 16. Furthermore, assuming that as much as 30%
of the patients may be lost to follow-up or cannot be titrated,
the sample size per group became 21. Hence, 42 patients were
enrolled for the internal pilot portion of the study.

Data from the internal pilot and the literature were combined
to perform the final sample size calculation. It was determined
that the initially selected primary outcome measure of the
number of visits required to achieve titration was not appropriate
because clinic visits were strongly affected by external factors
unrelated to the intervention. Many patients in the control group
attended very sporadic clinic visits, which resulted in a slow
and unpredictable titration process. Therefore, the new
calculation was based on an alternative primary outcome
measure, which was the proportion of patients achieving target
doses. In the pilot cohort, 18 of 21 patients (86%) in the
intervention group and 10 of 21 patients (48%) in the control
group completed titration within 6 months of enrollment.
According to an expert panel conducted by the Canadian
Cardiovascular Society, most physicians (55%) believed that
the entire triple therapy titration to maximum tolerated or target
doses should be completed within 4 months, 93% believed that
this should be done within 6 months, and all respondents agreed
that every titration would not necessarily require a face-to-face
visit [19]. The titration completion rates reported in the literature
vary, and the timelines are not always clear. However, multiple
studies reported that 17% to 43% of patients achieve target
doses within 3 to 6 months [12,20,21].

In light of the varying ranges provided by available data and to
ensure that the sample size of the full study would be sufficient
to detect statistical significance, a higher completion rate among
those available was used for the control group, and a slightly
more conservative completion rate was used for the intervention
group. Therefore, rates of 45% and 75% were used for the
control and intervention groups, respectively. The calculation
assumed a power of 80%. An alpha of .025 (two-sided) was
used, instead of .05, to account for the single interim analysis
conducted. On the basis of this, the sample size per group was
calculated to be 49. Furthermore, assuming that up to 10% of
the patients may be lost to follow-up or cannot be titrated (based
on the observed attrition rate in the internal pilot), the sample

size per group was calculated to be 54. Hence, the overall sample
size of the study is 108 patients.

Medly Telemonitoring System
Medly, a mobile phone–based telemonitoring program for
patients with HF was launched at UHN in 2016. This program
is integrated into the Ted Rogers Centre of Excellence in Heart
Function at the Peter Munk Cardiac Centre (PMCC) as part of
the standard of care.

Medly enables patients with HF to take clinically relevant
physiological measurements with wireless home medical devices
in addition to answering symptom questions through the mobile
phone app. The measurements are automatically and wirelessly
transmitted to the mobile phone and then to a data server.
Specifically, patients monitor daily weight, blood pressure, heart
rate, and symptoms, and some patients monitor their activity as
determined by their cardiologist. Daily reports are typically
completed every morning (patients receive an automated
reminder call if the measurements are not performed by 10 AM),
and patients are instructed to record their blood pressure and
symptoms if they feel unwell. Automated self-care instructions
that have been carefully developed with health care specialists
are sent to the patient in accordance with a rule-based algorithm
that analyzes their measurements and reported symptoms [22].
If there are signs indicating deterioration in their status, an email
alert is sent to a clinician at the Heart Function Clinic. Clinicians
can also view alerts and the patient’s telemonitoring data through
a secure web portal. The data are monitored by a dedicated
Medly nurse coordinator during working hours and an assigned
clinician after hours and on weekends. Medly has a
demonstrated positive impact on patient outcomes and patient
experience. An RCT conducted with Medly at the Heart
Function Clinic and an evaluation of the Medly Program as part
of the standard of care found improvements in patient health
outcomes and high patient and health care provider satisfaction.
Adherence to daily monitoring was high, and the cardiologists
and nurse practitioners indicated that Medly improved
information transfer from their patients because they received
real-time patient information and alerts that supported clinical
decision making [23,24].

Therefore, Medly was chosen as the system to support the
titration of HF medication for this study. Specifically, the intent
was for Medly to be used to provide frequent and real-time data
to support clinical decisions on the optimal modification of
patients’ medications remotely.

Study Protocol

Participant Enrollment and Randomization

RCT

Study participants are recruited from the PMCC Heart Function
Clinic. Eligible participants are first identified by the
cardiologist. During their usual visit to the Heart Function
Clinic, all patients who meet the study’s inclusion and exclusion
criteria (listed in Textboxes 1 and 2, respectively), are told about
the study and asked by a member of their circle of care if they
are willing to speak to the nurse coordinator regarding
participation. Patients who agree meet with the coordinator
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immediately after their visit with the cardiologist, and a written
informed consent is obtained from each patient. Patients are
then randomized 1:1 into control and intervention groups. A
web-based computer-generated randomization tool is used to
perform block randomization in blocks of 4. The generated
sequence is used to create randomization envelopes, and the

nurse coordinator is provided with randomly generated treatment
allocations within sealed opaque envelopes. Following
enrollment, the envelopes are used to determine if the patient
is in the intervention or control group. Cardiologists are notified
into which group their patients are randomized.

Textbox 1. Patient inclusion criteria.

• Able to provide informed consent to participate in the program

• 18 years or older

• Diagnosed as having heart failure (HF) and followed up by a cardiologist at the Peter Munk Cardiac Centre Heart Function Clinic, who has the
primary responsibility for management of the patient’s HF

• New York Heart Association Classes I to III

• Stable HF defined as no hospitalization within 1 month

• Patient is not yet at target doses of guideline-directed medical therapy (angiotensin-converting-enzyme inhibitor, and/or angiotensin receptor
blocker, and/or beta blocker, and/or angiotensin receptor-neprilysin inhibitors, and/or mineralocorticoid receptor antagonist at suboptimal doses),
and hence qualifies for up-titration

• Patient or their informal caregiver speaks and reads English adequately to participate in the program and understand the alerts or prompts in the
Medly application

• Ability to comply with using Medly (eg, able to stand on the weight scale, able to answer symptom questions)

Textbox 2. Patient exclusion criteria.

• Active acutely decompensated heart failure

• Already on target doses of guideline-directed medical therapy

• Inability to titrate medications due to adverse events including:

• History of angioedema

• Uncontrolled hypertension

• Hypotension preventing up-titration

• Heart rate at rest <56 beats per minute

• Congenital heart disease

• Previous heart transplant or currently awaiting heart transplant

• Acute coronary syndrome; stroke; transient ischemic attack; cardiac, carotid, or other major cardiovascular surgery; percutaneous coronary
intervention; or carotid angioplasty within 6 weeks before randomization

• Obstructive or restrictive cardiomyopathy

• Second- or third-degree atrioventricular block without a pacemaker

• Presence of hemodynamically significant mitral and/or aortic valve disease, except mitral regurgitation

• Presence of other hemodynamically significant obstructive lesions of the left ventricular outflow tract, including aortic and subaortic stenosis,
which are not controlled with suitable treatment

• Evidence of hepatic impairment defined as alanine aminotransferase or aspartate aminotransferase value >3-fold the upper normal limit. Estimated

glomerular filtration rate (eGFR) <30 mL/min/1.73 m2 at randomization or >35% decline in eGFR between visits

• Known stenosis of both renal arteries

• Hyper- or hypothyroidism not controlled by treatment

• Hyperkalemia >5.5 mmol/L at randomization

• Hyponatremia <130 mmol/L at randomization

• History of severe asthma or pulmonary disease

• Presence of any other disease, which in the clinician’s opinion would exclude the patient from the study or with a life expectancy of <1 year
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Qualitative Study

Patients randomized into the intervention group will be invited
to participate in individual interviews intended to assess their
experience and perception of the program upon titration
completion. Maximum variation sampling [25] will be used to
interview a varied selection of people. Participants will be
purposively selected to represent a range of experiences with
the intervention and include men and women, old and young,
and patients who reside at varying distances from the clinic.

All health care providers and study staff from the Heart Function
Clinic who participate in the remote titration program during
the RCT will also be invited to participate in semistructured
interviews through an email. Written informed consent will be
obtained before the start of any interview.

Semistructured interview guides will be developed to explore
the participants’views on various aspects of the remote titration
program. To ensure that the information generated is based on
the participants’ unique perspectives, questions will not follow
any specific constructs. During the interview, participants will
be asked open-ended questions to ascertain their comfort with
the intervention and its delivery, any concerns or difficulties
they may have had with respect to the intervention, and whether
it met their goals or expectations. Follow-up questions will
explore topics raised by participants.

Intervention Versus Control Groups
The recommended therapeutic approach for patients with HF
and reduced left ventricular ejection fraction (LVEF<40%)
consists of triple therapy with either an ACEI or ARB or ARNI,
BBL, and MRA, titrated to target doses [10]. However, these
doses are not often achieved in clinical practice [7]. Patients
identified as receiving suboptimal doses of HF medications are
enrolled and randomized at a ratio of 1:1 to 1 of 2 treatment
groups:

• Control group—standard titration management strategy
consisting of regular in-office visits.

• Intervention group—remote titration management strategy
consisting of telephone contacts facilitated by data from
the Medly system and in-office visits as deemed necessary
by the patient’s care team.

Both groups are titrated in accordance with the recommendations
of the HF management guidelines. Participants in the
intervention group, as per Medly standard of care, are asked to
take daily weight and blood pressure readings and answer
questions on symptoms. Patients are also provided with
requisitions for blood work to be performed at local laboratories
when requested. Titration checkpoints are scheduled biweekly
unless specified otherwise by cardiologists. Patients are
contacted by phone, and medication changes are performed
during these calls based on data obtained through Medly and
the latest blood work. Patients in the intervention group still
visit the hospital for follow-ups at their cardiologist’s discretion
and to perform echocardiograms, electrocardiograms (ECGs),
and cardiopulmonary exercise testing (CPET).

Participants in the control group attend regular visits and are
provided with the current standard of care. As the Medly system

is integrated into the PMCC Heart Function Clinic as part of
the standard of care, patients in the control group are also
monitored through Medly. However, no remote titrations occur,
and medication changes are performed during clinic visits. At
the clinic visit, patients have their measurements taken, such as
their blood pressure, weight, and heart rate. The clinicians
inquire about their symptoms, diet, exercise, and adherence to
medication. Blood tests, echocardiograms, ECGs, and CPETs
are performed as required. Medication changes are performed
based on the data collected through these assessments.

The titration process is terminated when patients reach target
doses or maximum tolerated doses. A follow-up clinic
appointment is scheduled within 3 months of titration
completion, as per the standard of care. Throughout this process,
the importance of patients’ adherence to program requirements
in terms of daily measurements and symptom reporting is
emphasized and strictly monitored to ensure prompt
identification of potential changes in their condition.

Data Collection

RCT

The primary outcome measures will be the proportion of patients
who achieve target doses and the time to dose optimization.
Additional measures will include patient health outcomes
(including, but not limited to, New York Heart Association
[NYHA] class, LVEF, and brain natriuretic peptide [BNP]
levels), the number of visits and/or calls required to achieve
target doses, and health care resource utilization.

Information will be obtained by reviewing the patients’
electronic patient record (EPR) charts and Medly data and
documentation throughout the study by the study coordinator.
Baseline and poststudy medications and dosages for each patient
and baseline and poststudy clinical measures, including NYHA
class, LVEF, and BNP levels, will be determined through
manual EPR chart reviews. Health care utilization will primarily
be determined through EPR chart reviews. However, this
information will be supplemented through patient self-reporting
to account for situations in which patients use services outside
of UHN. Data regarding the titration process, such as the number
of visits and/or phone calls performed, actions undertaken, and
any adverse events that occurred throughout the study, will be
documented by the study coordinator. The number of visits,
phone calls, and total contact points will be recorded in detail
for each group to determine the impact of remote titration on
the GDMT optimization process.

Qualitative Study

The qualitative study will aim to identify the barriers to and
facilitators for implementation. Semistructured one-on-one
interviews will be conducted with participants to explore their
views on various aspects of the remote titration program.
Patients randomized into the intervention group will be
interviewed in a quiet and private space within the clinic or over
the telephone. Interviews are expected to last between 15 and
30 min. Additional interviews will be conducted until data
saturation is reached and the interviewer determines that no new
pertinent information is being collected. Health care providers
from the Heart Function Clinic who participate in the remote
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titration program will also be interviewed. The individual
interviews are expected to last between 20 and 45 min and will
be conducted in the clinician’s office or over the telephone. All

interviews will be audio-recorded and transcribed for subsequent
analysis.

The schedule for data acquisition is shown in Table 1.

Table 1. Schedule for data acquisition indicated by checkmarks at the specified time point.

3-month follow-upTitration completionInterim analysisBaselineData collected

N/AN/AN/Aa✓Demographics

Health service utilization

✓✓✓N/ANumber of HFb-related hospitalizations since enrollment

✓✓✓N/ANumber of days in the hospital since enrollment

✓✓✓N/ANumber of emergency department visits since enrollment

✓✓✓N/ANumber of clinic visits or phone calls since enrollment

Clinical outcomes

✓✓✓✓BNPc levels

✓✓✓✓NYHAd class

✓N/AN/A✓LVEFe (%)

Qualitative data

N/A✓✓N/AClinician interviews

N/AN/A✓N/APatient interviews

aN/A: not applicable.
bHF: heart failure.
cBNP: brain natriuretic peptide.
dNYHA: New York Heart Association.
eLVEF: left ventricular ejection fraction.

Data Analysis

RCT

Descriptive, parametric, and nonparametric statistics will be
performed. Statistical analyses will be selected in accordance
with the data under review and the required level of comparison:
McNemar tests will be performed on binary baseline and
poststudy data, whereas chi-square tests will be performed to
compare binary poststudy data between the intervention group
and the control group; paired Student t tests and Wilcoxon
signed-rank tests will be performed on baseline and poststudy
data for normally and not normally distributed data, respectively.
Independent Student t tests and Mann-Whitney tests will be
performed to compare poststudy data between the intervention
group and the control group for normally and not normally
distributed data, respectively.

Qualitative Study

Conventional content analysis [26] will be used to analyze the
transcribed interviews, and coding will be performed using
NVivo software (QSR International). A conventional inductive
approach will first be used to gain direct information from study
participants, without imposing preconceived categories or
theoretical perspectives, and to ensure that knowledge generated
from the content analysis is based on the participants’ unique
perspectives [27]. After themes have been derived through
inductive content analysis, a deductive approach will be used

as the final step to frame and structure the findings [26].
Therefore, the themes generated through inductive content
analysis will be delineated and mapped in accordance with
Chaudoir’s multilevel framework for the assessment of factors
affecting the implementation of health innovations [28].

Results

Patient recruitment began in January 2019 at PMCC, UHN,
Toronto. The study is currently in progress, and a total of 76
participants have been recruited as of February 24, 2020 (39 in
the intervention group and 37 in the control group). The final
analysis is expected to be completed by the winter of 2021. This
study will be among the first to substantiate the implementation
of remote titration facilitated by telemonitoring and its impact
on patient health outcomes.

Discussion

Principal Results
This study aims to determine how the combination of remote
titration and telemonitoring affects GDMT optimization
compared with the standard of care. Specifically, the objectives
of this study are to assess the effectiveness and implementation
of remote titration facilitated by telemonitoring. Telemonitoring
is a potential component in the management of HF that allows
patients to remotely provide reliable and real-time physiological
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data for clinical decision support. Studies have demonstrated
that the use of telemonitoring in the HF population is associated
with a reduction in hospitalizations and readmissions and
improved mortality [29-32]. Patient and clinician perceptions
are positive, and telemonitoring is viewed as a useful and
efficacious tool that can be used to promote positive outcomes
in the HF population [33-35].

Despite this, only a few trials have attempted to use
telemonitoring for the purpose of remote titration of HF
medication. A study conducted by D’Onofrio et al [36] and
Palmisano et al [37] assessed the effectiveness of a structured
program for BBL titration and found that remote titration
allowed 76% of patients in the intervention group to achieve
target doses compared with only 38% of patients in the control
group. Similarly, Spaeder et al [38] also performed a study that
focused on rapid titration of the BBL carvedilol and compared
in-office titration with a combined in-office and remote titration
model. The study found no statistical difference in the proportion
of patients who reached the target doses. However, the time
frame required to reach the final dose was significantly shorter
in the intervention group (mean 33.6, SD 16.6) than in the
control group (mean 63.7, SD 20.2).

Of note, a few other studies that have attempted to perform
remote medication titration did not contain any telemonitoring
components, such as a smartphone-based app or a web platform.
Instead, patients periodically called or were contacted by a
clinician and relayed their measurements and symptom data
over the phone. Two such trials by Steckler et al [39] and
Moyer-Knox et al [40] assessed BBL titration over the phone.
Steckler et al [39] found that the proportion of patients receiving
BBLs at any dose increased from 61% at baseline to 97% after
optimization, and the proportion of patients receiving target
BBL doses increased from 12.5% at baseline to 40.6% after
optimization. Moyer-Knox et al [40] found that 96% of patients
reached therapeutic doses (6.25 mg twice daily) and 71% of
patients reached target doses of 25 mg twice daily within
approximately 8 weeks.

These trials provided preliminary evidence demonstrating that
remote titration (with or without the aid of telemonitoring) of
BBLs can be successful and results in a higher proportion of
patients reaching target doses within shorter time frames.

Strengths and Limitations of the Study
Unlike previous studies that focused solely on the titration of
BBLs, a strength of this study is that it encompasses the titration
of full triple therapy for patients with HF. In addition, the mixed
methods design of this study will allow triangulation of data
from quantitative and qualitative assessments, thereby enhancing
data validity. Methodological triangulation enables the validation
of findings through the collection of data from multiple sources
and via different methods. Specifically, data from interviews

with clinicians and patients will be used to complement, confirm,
and explain the results of the quantitative study. Furthermore,
the previously existing evidence regarding remote titration and
the currently available data on the effectiveness of Medly
telemonitoring for patients with HF [22,23,33,41] make it
possible to adopt an effectiveness-implementation hybrid design
[17]. Therefore, implementation-related questions can be
explored much earlier than could be achieved in separate
sequential intervention and implementation study designs [17].

A limitation of this study is its single-center nature and the
availability of dedicated specialized staff to support the
intervention. The patient population enrolled in this study was
recruited from a single specialized heart function clinic. The
PMCC Heart Function Clinic has implemented telemonitoring
as a standard of care. The Medly Program was launched at the
clinic in 2016, and cardiologists are familiar with monitoring
patients through Medly. The familiarity of the clinicians
involved in this study with telemonitoring as well as the existing
processes for alert management and communication of
information obtained through the Medly system may contribute
to the mitigation of challenges that could otherwise be
encountered. Furthermore, the intervention is supported by a
dedicated nurse coordinator. As access to multidisciplinary HF
services varies between clinics, additional staffing limits the
potential generalizability and external validity of the study.
Finally, as our study investigates changes in the process of care,
blinding could not be applied to clinicians. However, patient
randomization is performed using sealed opaque envelopes
containing randomly generated treatment allocations. Patients
in the intervention group follow a structured predetermined
remote titration schedule, whereas patients in the control group
continue to be treated as per the standard of care by their
respective cardiologists. Thus, the lack of clinician blinding is
not expected to have an impact on the outcomes of the study.

Significance of the Research
The significant gap that still exists in adherence to
guideline-recommended evidence-based therapies for HF
emphasizes the need for novel approaches to the problem of
medication titration. An intervention that can successfully
promote optimal GDMT use in clinical practice may
substantially improve clinical outcomes in patients and reduce
the burden of HF on the health care system as a whole. Although
information and research on remote titration of HF medication
are somewhat limited, the results of previously conducted studies
have been fairly positive, pointing to a favorable impact on
titration rates and timelines. This study will be among the first
to explore whether remote titration facilitated by telemonitoring
may be able to promote optimal GDMT use. In addition, it will
be the first study to provide insight on the implementation
process as well as the perception of the intervention by both
clinicians and patients.

 

Acknowledgments
Funding for this study was provided by the Ted Rogers Centre for Heart Research, PMCC Site, and through a National Sciences
and Engineering Research Council of Canada Discovery Grant.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e19705 | p.27https://www.researchprotocols.org/2020/10/e19705
(page number not for citation purposes)

Artanian et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Conflicts of Interest
Members of the research team (ES and HR) have the intellectual property rights of the Medly system.

References
1. Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene SJ, Vaduganathan M, et al. The global health and economic

burden of hospitalizations for heart failure: lessons learned from hospitalized heart failure registries. J Am Coll Cardiol
2014 Apr 1;63(12):1123-1133 [FREE Full text] [doi: 10.1016/j.jacc.2013.11.053] [Medline: 24491689]

2. Butrous H, Hummel SL. Heart failure in older adults. Can J Cardiol 2016 Sep;32(9):1140-1147 [FREE Full text] [doi:
10.1016/j.cjca.2016.05.005] [Medline: 27476982]

3. Blais C, Dai S, Waters C, Robitaille C, Smith M, Svenson LW, et al. Assessing the burden of hospitalized and community-care
heart failure in Canada. Can J Cardiol 2014 Mar;30(3):352-358. [doi: 10.1016/j.cjca.2013.12.013] [Medline: 24565257]

4. Ponikowski P, Anker SD, AlHabib KF, Cowie MR, Force TL, Hu S, et al. Heart failure: preventing disease and death
worldwide. ESC Heart Fail 2014 Sep;1(1):4-25 [FREE Full text] [doi: 10.1002/ehf2.12005] [Medline: 28834669]

5. Cook C, Cole G, Asaria P, Jabbour R, Francis DP. The annual global economic burden of heart failure. Int J Cardiol 2014
Feb 15;171(3):368-376. [doi: 10.1016/j.ijcard.2013.12.028] [Medline: 24398230]

6. Tran DT, Ohinmaa A, Thanh NX, Howlett JG, Ezekowitz JA, McAlister FA, et al. The current and future financial burden
of hospital admissions for heart failure in Canada: a cost analysis. CMAJ Open 2016;4(3):E365-E370 [FREE Full text]
[doi: 10.9778/cmajo.20150130] [Medline: 27730101]

7. Atherton J, Hickey A. Expert comment: is medication titration in heart failure too complex? Card Fail Rev 2017
Apr;3(1):25-32 [FREE Full text] [doi: 10.15420/cfr.2017:1:2] [Medline: 28785472]

8. Zaman S, Zaman SS, Scholtes T, Shun-Shin MJ, Plymen CM, Francis DP, et al. The mortality risk of deferring optimal
medical therapy in heart failure: a systematic comparison against norms for surgical consent and patient information leaflets.
Eur J Heart Fail 2017 Nov;19(11):1401-1409 [FREE Full text] [doi: 10.1002/ejhf.838] [Medline: 28597606]

9. Gracia E, Hamid A, Butler J. Timely management of new-onset heart failure. Circulation 2019 Aug 20;140(8):621-623.
[doi: 10.1161/CIRCULATIONAHA.118.035452] [Medline: 31424994]

10. Ezekowitz JA, O'Meara E, McDonald MA, Abrams H, Chan M, Ducharme A, et al. 2017 comprehensive update of the
Canadian cardiovascular society guidelines for the management of heart failure. Can J Cardiol 2017 Nov;33(11):1342-1433.
[doi: 10.1016/j.cjca.2017.08.022] [Medline: 29111106]

11. Maggioni AP, Anker SD, Dahlström U, Filippatos G, Ponikowski P, Zannad F, Heart Failure Association of the ESC. Are
hospitalized or ambulatory patients with heart failure treated in accordance with European Society of Cardiology guidelines?
Evidence from 12,440 patients of the ESC heart failure long-term registry. Eur J Heart Fail 2013 Oct;15(10):1173-1184
[FREE Full text] [doi: 10.1093/eurjhf/hft134] [Medline: 23978433]

12. Greene SJ, Butler J, Albert NM, DeVore AD, Sharma PP, Duffy CI, et al. Medical therapy for heart failure with reduced
ejection fraction: the CHAMP-HF registry. J Am Coll Cardiol 2018 Jul 24;72(4):351-366 [FREE Full text] [doi:
10.1016/j.jacc.2018.04.070] [Medline: 30025570]

13. Carroll R, Mudge A, Suna J, Denaro C, Atherton J. Prescribing and up-titration in recently hospitalized heart failure patients
attending a disease management program. Int J Cardiol 2016 Aug 1;216:121-127. [doi: 10.1016/j.ijcard.2016.04.084]
[Medline: 27153136]

14. Virani SA, Bains M, Code J, Ducharme A, Harkness K, Howlett JG, Board and Membership of the Canadian Heart Failure
Society. The need for heart failure advocacy in Canada. Can J Cardiol 2017 Nov;33(11):1450-1454. [doi:
10.1016/j.cjca.2017.08.024] [Medline: 29111108]

15. Sevilla-Cazes J, Ahmad FS, Bowles KH, Jaskowiak A, Gallagher T, Goldberg LR, et al. Heart failure home management
challenges and reasons for readmission: a qualitative study to understand the patient's perspective. J Gen Intern Med 2018
Oct;33(10):1700-1707 [FREE Full text] [doi: 10.1007/s11606-018-4542-3] [Medline: 29992429]

16. Cafazzo JA, Seto E. The hospital at home: advances in remote patient monitoring. Biomed Instrum Technol 2010;Suppl
Home Healthcare:47-52. [Medline: 22049607]

17. Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C. Effectiveness-implementation hybrid designs: combining elements
of clinical effectiveness and implementation research to enhance public health impact. Med Care 2012 Mar;50(3):217-226
[FREE Full text] [doi: 10.1097/MLR.0b013e3182408812] [Medline: 22310560]

18. Wittes J, Brittain E. The role of internal pilot studies in increasing the efficiency of clinical trials. Stat Med 1990;9(1-2):65-71;
discussion 71. [doi: 10.1002/sim.4780090113] [Medline: 2345839]

19. Howlett JG, Chan M, Ezekowitz JA, Harkness K, Heckman GA, Kouz S, Canadian Cardiovascular Society Heart Failure
Guidelines Panels. The Canadian cardiovascular society heart failure companion: bridging guidelines to your practice. Can
J Cardiol 2016 Mar;32(3):296-310. [doi: 10.1016/j.cjca.2015.06.019] [Medline: 26391749]

20. Fonarow GC, Albert NM, Curtis AB, Stough WG, Gheorghiade M, Heywood JT, et al. Improving evidence-based care for
heart failure in outpatient cardiology practices: primary results of the registry to improve the use of evidence-based heart
failure therapies in the outpatient setting (IMPROVE HF). Circulation 2010 Aug 10;122(6):585-596. [doi:
10.1161/CIRCULATIONAHA.109.934471] [Medline: 20660805]

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e19705 | p.28https://www.researchprotocols.org/2020/10/e19705
(page number not for citation purposes)

Artanian et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(14)00291-5
http://dx.doi.org/10.1016/j.jacc.2013.11.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24491689&dopt=Abstract
http://europepmc.org/abstract/MED/27476982
http://dx.doi.org/10.1016/j.cjca.2016.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27476982&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2013.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24565257&dopt=Abstract
https://doi.org/10.1002/ehf2.12005
http://dx.doi.org/10.1002/ehf2.12005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28834669&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2013.12.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24398230&dopt=Abstract
http://cmajopen.ca/cgi/pmidlookup?view=long&pmid=27730101
http://dx.doi.org/10.9778/cmajo.20150130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27730101&dopt=Abstract
http://europepmc.org/abstract/MED/28785472
http://dx.doi.org/10.15420/cfr.2017:1:2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28785472&dopt=Abstract
https://doi.org/10.1002/ejhf.838
http://dx.doi.org/10.1002/ejhf.838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28597606&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.035452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31424994&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2017.08.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29111106&dopt=Abstract
https://doi.org/10.1093/eurjhf/hft134
http://dx.doi.org/10.1093/eurjhf/hft134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23978433&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(18)34906-4
http://dx.doi.org/10.1016/j.jacc.2018.04.070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30025570&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2016.04.084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27153136&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2017.08.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29111108&dopt=Abstract
http://europepmc.org/abstract/MED/29992429
http://dx.doi.org/10.1007/s11606-018-4542-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29992429&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22049607&dopt=Abstract
http://europepmc.org/abstract/MED/22310560
http://dx.doi.org/10.1097/MLR.0b013e3182408812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22310560&dopt=Abstract
http://dx.doi.org/10.1002/sim.4780090113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2345839&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2015.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26391749&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.934471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20660805&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Fowler MB, Lottes SR, Nelson JJ, Lukas MA, Gilbert EM, Greenberg B, COHERE Participant Physicians. Beta-blocker
dosing in community-based treatment of heart failure. Am Heart J 2007 Jun;153(6):1029-1036. [doi:
10.1016/j.ahj.2007.03.010] [Medline: 17540206]

22. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Developing healthcare rule-based expert systems: case
study of a heart failure telemonitoring system. Int J Med Inform 2012 Aug;81(8):556-565. [doi:
10.1016/j.ijmedinf.2012.03.001] [Medline: 22465288]

23. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Mobile phone-based telemonitoring for heart failure
management: a randomized controlled trial. J Med Internet Res 2012 Feb 16;14(1):e31 [FREE Full text] [doi:
10.2196/jmir.1909] [Medline: 22356799]

24. Ware P, Ross HJ, Cafazzo JA, Boodoo C, Munnery M, Seto E. Outcomes of a heart failure telemonitoring program
implemented as the standard of care in an outpatient heart function clinic: pretest-posttest pragmatic study. J Med Internet
Res 2020 Feb 8;22(2):e16538 [FREE Full text] [doi: 10.2196/16538] [Medline: 32027309]

25. Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K. Purposeful sampling for qualitative data collection
and analysis in mixed method implementation research. Adm Policy Ment Health 2015 Sep;42(5):533-544 [FREE Full
text] [doi: 10.1007/s10488-013-0528-y] [Medline: 24193818]

26. Hsieh H, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288. [doi:
10.1177/1049732305276687] [Medline: 16204405]

27. Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, et al. Outcomes for implementation research:
conceptual distinctions, measurement challenges, and research agenda. Adm Policy Ment Health 2011 Mar;38(2):65-76
[FREE Full text] [doi: 10.1007/s10488-010-0319-7] [Medline: 20957426]

28. Chaudoir SR, Dugan AG, Barr CH. Measuring factors affecting implementation of health innovations: a systematic review
of structural, organizational, provider, patient, and innovation level measures. Implement Sci 2013 Feb 17;8:22 [FREE Full
text] [doi: 10.1186/1748-5908-8-22] [Medline: 23414420]

29. Clark RA, Inglis SC, McAlister FA, Cleland JG, Stewart S. Telemonitoring or structured telephone support programmes
for patients with chronic heart failure: systematic review and meta-analysis. Br Med J 2007 May 5;334(7600):942 [FREE
Full text] [doi: 10.1136/bmj.39156.536968.55] [Medline: 17426062]

30. Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Böhm M, TIM-HF Investigators. Telemedical interventional
monitoring in heart failure (TIM-HF), a randomized, controlled intervention trial investigating the impact of telemedicine
on mortality in ambulatory patients with heart failure: study design. Eur J Heart Fail 2010 Dec;12(12):1354-1362 [FREE
Full text] [doi: 10.1093/eurjhf/hfq199] [Medline: 21098580]

31. Kotb A, Cameron C, Hsieh S, Wells G. Comparative effectiveness of different forms of telemedicine for individuals with
heart failure (HF): a systematic review and network meta-analysis. PLoS One 2015;10(2):e0118681 [FREE Full text] [doi:
10.1371/journal.pone.0118681] [Medline: 25714962]

32. Zhu Y, Gu X, Xu C. Effectiveness of telemedicine systems for adults with heart failure: a meta-analysis of randomized
controlled trials. Heart Fail Rev 2020 Mar;25(2):231-243 [FREE Full text] [doi: 10.1007/s10741-019-09801-5] [Medline:
31197564]

33. Seto E, Leonard KJ, Masino C, Cafazzo JA, Barnsley J, Ross HJ. Attitudes of heart failure patients and health care providers
towards mobile phone-based remote monitoring. J Med Internet Res 2010 Nov 29;12(4):e55 [FREE Full text] [doi:
10.2196/jmir.1627] [Medline: 21115435]

34. Ware P, Ross HJ, Cafazzo JA, Laporte A, Gordon K, Seto E. Evaluating the implementation of a mobile phone-based
telemonitoring program: longitudinal study guided by the consolidated framework for implementation research. JMIR
Mhealth Uhealth 2018 Jul 31;6(7):e10768 [FREE Full text] [doi: 10.2196/10768] [Medline: 30064970]

35. Fairbrother P, Ure J, Hanley J, McCloughan L, Denvir M, Sheikh A, Telescot programme team. Telemonitoring for chronic
heart failure: the views of patients and healthcare professionals - a qualitative study. J Clin Nurs 2014 Jan;23(1-2):132-144.
[doi: 10.1111/jocn.12137] [Medline: 23451899]

36. D'Onofrio A, Palmisano P, Rapacciuolo A, Ammendola E, Calò L, Ruocco A, et al. Effectiveness of a management program
for outpatient clinic or remote titration of beta-blockers in CRT patients: the RESTORE study. Int J Cardiol 2017 Jun
1;236:290-295. [doi: 10.1016/j.ijcard.2017.02.015] [Medline: 28188000]

37. Palmisano P, Ammendola E, D'Onofrio A, Accogli M, Calò L, Ruocco A, et al. Evaluation of synergistic effects of
resynchronization therapy and a β-blocker up-titration strategy based on a predefined patient-management program: the
RESTORE study. Clin Cardiol 2015 Jan;38(1):2-7 [FREE Full text] [doi: 10.1002/clc.22352] [Medline: 25580847]

38. Spaeder J, Najjar SS, Gerstenblith G, Hefter G, Kern L, Palmer JG, et al. Rapid titration of carvedilol in patients with
congestive heart failure: a randomized trial of automated telemedicine versus frequent outpatient clinic visits. Am Heart J
2006 Apr;151(4):844.e1-844.10. [doi: 10.1016/j.ahj.2005.06.044] [Medline: 16569544]

39. Steckler AE, Bishu K, Wassif H, Sigurdsson G, Wagner J, Jaenicke C, et al. Telephone titration of heart failure medications.
J Cardiovasc Nurs 2011;26(1):29-36. [doi: 10.1097/JCN.0b013e3181ec1223] [Medline: 21127425]

40. Moyer-Knox D, Mueller TM, Vuckovic K, Mischke L, Williams RE. Remote titration of carvedilol for heart failure patients
by advanced practice nurses. J Card Fail 2004 Jun;10(3):219-224. [doi: 10.1016/j.cardfail.2003.09.009] [Medline: 15190531]

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e19705 | p.29https://www.researchprotocols.org/2020/10/e19705
(page number not for citation purposes)

Artanian et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ahj.2007.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17540206&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2012.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22465288&dopt=Abstract
https://www.jmir.org/2012/1/e31/
http://dx.doi.org/10.2196/jmir.1909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356799&dopt=Abstract
https://www.jmir.org/2020/2/e16538/
http://dx.doi.org/10.2196/16538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32027309&dopt=Abstract
http://europepmc.org/abstract/MED/24193818
http://europepmc.org/abstract/MED/24193818
http://dx.doi.org/10.1007/s10488-013-0528-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24193818&dopt=Abstract
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://europepmc.org/abstract/MED/20957426
http://dx.doi.org/10.1007/s10488-010-0319-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20957426&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-8-22
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-8-22
http://dx.doi.org/10.1186/1748-5908-8-22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23414420&dopt=Abstract
http://europepmc.org/abstract/MED/17426062
http://europepmc.org/abstract/MED/17426062
http://dx.doi.org/10.1136/bmj.39156.536968.55
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17426062&dopt=Abstract
https://doi.org/10.1093/eurjhf/hfq199
https://doi.org/10.1093/eurjhf/hfq199
http://dx.doi.org/10.1093/eurjhf/hfq199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21098580&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0118681
http://dx.doi.org/10.1371/journal.pone.0118681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25714962&dopt=Abstract
http://europepmc.org/abstract/MED/31197564
http://dx.doi.org/10.1007/s10741-019-09801-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31197564&dopt=Abstract
https://www.jmir.org/2010/4/e55/
http://dx.doi.org/10.2196/jmir.1627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21115435&dopt=Abstract
https://mhealth.jmir.org/2018/7/e10768/
http://dx.doi.org/10.2196/10768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30064970&dopt=Abstract
http://dx.doi.org/10.1111/jocn.12137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23451899&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2017.02.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28188000&dopt=Abstract
https://doi.org/10.1002/clc.22352
http://dx.doi.org/10.1002/clc.22352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25580847&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2005.06.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16569544&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0b013e3181ec1223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21127425&dopt=Abstract
http://dx.doi.org/10.1016/j.cardfail.2003.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15190531&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Perceptions and experiences of heart failure patients and
clinicians on the use of mobile phone-based telemonitoring. J Med Internet Res 2012 Feb 10;14(1):e25 [FREE Full text]
[doi: 10.2196/jmir.1912] [Medline: 22328237]

Abbreviations
ACEI: angiotensin-converting enzyme inhibitor
ARB: angiotensin receptor blocker
ARNI: angiotensin receptor-neprilysin inhibitor
BBL: beta blockers
BNP: brain natriuretic peptide
CPET: cardiopulmonary exercise testing
ECG: electrocardiogram
EPR: electronic patient record
GDMT: guideline- directed medical therapy
HF: heart failure
LVEF: left ventricular ejection fraction
MRA: mineralocorticoid receptor antagonist
NYHA: New York Heart Association
PMCC: Peter Munk Cardiac Centre
RCT: randomized controlled trial
UHN: University Health Network

Edited by G Eysenbach; submitted 28.04.20; peer-reviewed by A Miranda, KC Wong, P Essay; comments to author 12.06.20; revised
version received 31.07.20; accepted 02.08.20; published 13.10.20.

Please cite as:
Artanian V, Rac VE, Ross HJ, Seto E
Impact of Remote Titration Combined With Telemonitoring on the Optimization of Guideline-Directed Medical Therapy for Patients
With Heart Failure: Protocol for a Randomized Controlled Trial
JMIR Res Protoc 2020;9(10):e19705
URL: https://www.researchprotocols.org/2020/10/e19705 
doi:10.2196/19705
PMID:33048057

©Veronica Artanian, Valeria E Rac, Heather J Ross, Emily Seto. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 13.10.2020. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e19705 | p.30https://www.researchprotocols.org/2020/10/e19705
(page number not for citation purposes)

Artanian et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.jmir.org/2012/1/e25/
http://dx.doi.org/10.2196/jmir.1912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22328237&dopt=Abstract
https://www.researchprotocols.org/2020/10/e19705
http://dx.doi.org/10.2196/19705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33048057&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Comparing Web-Based Mindfulness With Loving-Kindness and
Compassion Training for Promoting Well-Being in Pregnancy:
Protocol for a Three-Arm Pilot Randomized Controlled Trial

Amy Louise Finlay-Jones1,2,3, BPsych (Hons), MClinPsych, MHealthEcon, PhD; Jacqueline Ann Davis1,2,3, BSc

(Hons), Postgrad Dip (Health Promotion); Amanda O'Donovan4, BA, BSc (Hons), MPsych (Clinical); Keerthi

Kottampally1,3, BSc (Hons), GradDipPsych, GradDipPsych (Advanced); Rebecca Anne Ashley4, BPsych (Hons);

Desiree Silva1,3,5,6, MBBS, MPH, FRACP, PhD; Jeneva Lee Ohan3, BSc (Hons), MA, PhD; Susan L Prescott1,3,7,

BMedSci, MBBS, FRACP, PhD; Jenny Downs1,2, BApplSci (Physio), MSc, PhD
1Telethon Kids Institute, Nedlands, Australia
2Curtin University, Bentley, Australia
3University of Western Australia, Crawley, Australia
4Murdoch University, Murdoch, Australia
5Edith Cowan University, Joondalup, Australia
6Joondalup Health Campus, Joondalup, Australia
7Perth Children's Hospital, Nedlands, Australia

Corresponding Author:
Amy Louise Finlay-Jones, BPsych (Hons), MClinPsych, MHealthEcon, PhD
Telethon Kids Institute
15 Hospital Avenue
Nedlands, 6009
Australia
Phone: 61 863191808
Email: amy.finlay-jones@telethonkids.org.au

Abstract

Background: Promoting psychological well-being and preventing distress among pregnant women is an important public health
goal. In addition to adversely impacting the mother’s health and well-being, psychological distress in pregnancy increases the
risk of poor pregnancy outcomes, compromises infant socioemotional development and bonding, and heightens maternal and
child vulnerability in the postpartum period. Mindfulness and compassion-based interventions show potential for prevention and
early intervention for perinatal distress. As there is an established need for accessible, scalable, flexible, and low-cost interventions,
there is increased interest in the delivery of these programs on the web. This project aims to pilot a three-arm randomized controlled
trial (RCT) to determine the feasibility of a full-scale RCT comparing 2 web-based interventions (mindfulness vs loving-kindness
and compassion) with a web-based active control condition (progressive muscle relaxation).

Objective: The primary objective of this study is to assess the feasibility of an RCT protocol comparing the 3 conditions delivered
on the web as a series of instructional materials and brief daily practices over a course of 8 weeks. The second objective is to
explore the experiences of women in the different intervention conditions. The third objective is to estimate SD values for the
outcome measures to inform the design of an adequately powered trial to determine the comparative efficacy of the different
conditions.

Methods: Pregnant women (n=75) participating in a longitudinal birth cohort study (the ORIGINS project) will be recruited to
this study from 18 weeks of gestational age. We will assess the acceptability and feasibility of recruitment and retention strategies
and the participants’ engagement and adherence to the interventions. We will also assess the experiences of women in each of
the 3 intervention conditions by measuring weekly changes in their well-being and engagement with the program and by conducting
a qualitative analysis of postprogram interviews.

Results: This project was funded in September 2019 and received ethics approval on July 8, 2020. Enrollment to the study will
commence in September 2020. Feasibility of a full-scale RCT will be assessed using ADePT (a process for decision making after
pilot and feasibility trials) criteria.
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Conclusions: If the study is shown to be feasible, results will be used to inform future full-scale RCTs. Evidence for flexible,
scalable, and low-cost interventions could inform population health strategies to promote well-being and reduce psychological
distress among pregnant women.

Trial Registration: Australian New Zealand Clinical Trials Registry Number 12620000672954p;
http://anzctr.org.au/ACTRN12620000672954p.aspx

International Registered Report Identifier (IRRID): PRR1-10.2196/19803

(JMIR Res Protoc 2020;9(10):e19803)   doi:10.2196/19803

KEYWORDS

mindfulness; compassion; pregnancy; telemedicine; mental health; public health; intervention

Introduction

Background
Maternal mental health in pregnancy is an issue of substantial
public health importance [1]. Anxiety and depression are the
most common postpartum difficulties experienced by women
globally [2], with an average prevalence of 10% to 15%,
although rates as high as 64% have been reported in US samples
[2]. Psychological distress during pregnancy is associated with
adverse impacts for both the mother and child [3-6]. For
example, prenatal symptoms of depression and anxiety are
associated with impaired fetal growth [7], risk of child emotional
and behavioral problems [8-13], and differences in child brain
morphology [14]. These findings align with the Developmental
Origins of Health and Disease model [15], which posits that the
characteristics of the perinatal environment exert lifelong
influences on offspring health risk and resilience. Maternal
mental health difficulties in pregnancy can also increase the
risk of adjustment difficulties in the postnatal period [16,17].

Despite the availability of accessible and effective treatments
for mood disorders, approximately half of the women
experiencing perinatal distress do not seek help [18-20]. Such
findings demonstrate a need for universal mental health
promotion efforts that complement targeted treatment programs
and span prevention through early intervention.
Nonpharmacological approaches to mood management are also
preferred by pregnant women because of concerns about the
effects of pharmacological interventions on the developing fetus
[21]. Furthermore, research on mental health risk and resilience
also illustrates the dual benefits of targeting subclinical
symptoms of distress and increasing positive mental health and
well-being. For example, although a history of psychiatric
symptoms predisposes individuals to future psychopathology,
positive mental health both supports recovery from distress and
protects against poor mental health in the future [22-25]. Studies
with pregnant women have found that prenatal positive mental
health traits such as positive affect and optimism are protective
of postpartum depression [26,27] and birth outcomes such as
preterm delivery [28]. A dual approach aligns with two-factor
models of mental health, which recognize distress and
well-being as 2 distinct but interrelated continua [22,29,30].

Meditation-Based Interventions
Meditation-based interventions, including mindfulness-based
interventions (MBIs) and compassion-based interventions
(CBIs), are promising approaches for improving mental health

and reducing psychological distress in the perinatal period.
There is considerable evidence demonstrating the effectiveness
of MBIs in reducing symptoms of psychological distress and
promoting positive mental health in community populations
[31,32] and clinical and at-risk groups [33,34]. CBIs (used here
to denote meditation interventions focused on loving-kindness,
self-compassion, and compassion for others) are similar to MBIs
in that standardized protocols tend to be delivered over 8 weeks,
with meditation practice considered an active ingredient in
intervention effectiveness [35,36]. However, there are also
important differences: although MBIs focus on cultivating
nonjudgmental awareness and acceptance of all present-moment
experiences [37], CBIs involve the intentional cultivation of
positive affective states (eg, love, kindness, compassion, joy)
[38].

Although the literature on CBIs is sparse relative to that for
MBIs, reviews and meta-analyses also document positive effects
of compassion and loving-kindness meditation practices on
positive mental health [39] and psychological distress
[35,40,41]. More recent work has demonstrated the greater
efficacy of CBI protocols over MBI protocols for some
outcomes. For example, Le Nguyen et al [42] reported the
superior effects of loving-kindness training over mindfulness
training for improving telomere length in novice meditators.
Furthermore, Trautwein et al [37] demonstrated the differential
benefits of different types of meditation training (attention and
loving-kindness) on various cognitive and affective outcomes.
Although these findings provide the basis for the development
of more targeted intervention approaches, it is not clear which
of these outcomes is most relevant for promoting mental health
and well-being in pregnant women.

MBIs and CBIs in Pregnancy
Evidence drawn from observational and experimental studies
illustrates the potential benefit of MBIs and CBIs in reducing
distress and promoting mental health in the perinatal period.
For example, longitudinal studies have found significant inverse
associations between trait mindfulness during pregnancy and
both depressed mood across pregnancy and low birth weight
(<10th percentile, after adjusting for gestational age, parity, and
sex) [43]. Preliminary evidence also indicates that maternal
mindfulness during pregnancy is associated with better
behavioral and regulatory outcomes in infants and children
[44,45]. However, results from systematic reviews of perinatal
MBIs have been variable [46-48]. Although the literature
suggests that mindfulness training in the perinatal period reduces
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perinatal stress and anxiety [48], there is mixed evidence
regarding reductions in depression [48]. This is partly linked to
heterogeneity in sample types and methodology as well as
differences across intervention protocols.

Although initial evidence demonstrates associations among
maternal self-compassion, well-being, and adjustment [49-51],
there are only very few studies assessing CBIs in the perinatal
period. Those that are available have reported encouraging
results. For example, a proof-of-concept study compared a
2-week web-based CBI with web-based cognitive behavioral
therapy (CBT) for perinatal women and those planning
pregnancy (n=123) [52]. Participants in the 2 groups had similar
outcomes in terms of affect, self-reassurance, self-criticism, and
self-compassion. However, CBI was superior to CBT in terms
of reducing symptoms of depression and anxiety. In another
study, a 6-session, 3-week loving-kindness and compassion
group program was compared with pregnancy yoga and an
untreated control group in a sample of pregnant women (n=109)
[53]. In this study, participants in the intervention group reported
significant improvements in maternal-fetal attachment,
mindfulness, and positive emotion relative to the control groups
at posttest and follow-up. There are currently no head-to-head
studies comparing the efficacy of MBIs and CBIs among
pregnant women.

Web-Based Meditation-Based Interventions
There are a number of potential benefits of delivering MBIs
and CBIs via the internet [52,54], such as the capacity to
implement across populations, to reach individuals who might
struggle to access face-to-face services, the potential to improve
cost-efficiencies, and the ability to provide greater flexibility
to service users [55]. Meta-analyses have found
small-to-moderate effect sizes for web-based and self-guided
MBIs in promoting well-being and reducing symptoms of
psychological distress [56]. Although there are limited studies
of internet-delivered CBIs, 1 RCT of web-based compassion
training for self-critical individuals reported moderate-to-large
effect sizes for reductions in distress, relative to usual care [57].
However, it is currently unclear whether MBIs and CBIs
delivered on the web are a feasible and efficacious means of
reducing stress and promoting well-being in the perinatal period
[58]. Available evidence for internet-delivered MBIs highlights
some issues with intervention feasibility. For example, 1 RCT
found evidence that compared with waitlist control, a web-based,
8-week self-guided MBI was associated with significant
reductions in stress and pregnancy distress among pregnant
women who completed the intervention; however, attrition
exceeded 50% [59]. In the study by Kelman et al [52] on
web-based CBI versus web-based CBT for perinatal women
and those planning pregnancy, retention at a 2-week follow-up
was 62% for CBI versus 71% for CBT.

As the field of pre- and perinatal meditation training advances,
questions are raised about the types of meditation training, their
suitability, and expected outcomes. In addition, there are
enduring questions about how best to engage pregnant women
in internet-delivered mental health interventions. Initial findings
regarding engagement and retention within studies suggest a
need for attention to consumer-focused design in the
developmental stage of the intervention protocols [60]. This
pilot study is intended as a precursor to a larger study (the
Mums’ Minds Matter [MMM] study), in which we aim to
address some of these issues. The MMM study will involve a
three-arm RCT comparing web-based mindfulness training,
web-based loving-kindness and compassion training (LKCT),
and web-based progressive muscle relaxation (PMR; active
control) to improve positive mental health and psychological
distress among pregnant women. Both experimental conditions
in the study were developed with input from consumers (ie,
women who had been pregnant) and were designed in line with
the instructional design framework for MBIs proposed by
Lippmann et al [54]. PMR was selected as an active control
condition as it is considered safe for pregnant women, is
associated with physical and psychological benefits in the
perinatal period, and could be matched to the format and
duration of the experimental conditions [61].

Objectives
This study aims to pilot the overall MMM study design,
including the recruitment, screening, randomization, assessment,
and intervention methods to be used in the full-scale trial. In
addition to piloting these methods, this study has 3 objectives:
(1) to assess the feasibility of the full-scale trial by measuring
recruitment to the trial and retention, engagement, and
completion rates for each arm of the trial; (2) to explore the
experiences of women in the study; and (3) to estimate the
standard deviation values for each of the outcome measures to
inform sample size calculations for the main trial.

Methods

Study Design
This is a randomized controlled trial (RCT) with 3 parallel
groups: (1) mindfulness training, (2) LKCT, and (3) PMR and
a repeated measure design. The trial is single blinded, with block
randomization to have equal allocation of participants to groups
stratified by parity. The trial is registered with the Australian
New Zealand Clinical Trials Registry; the trial registration
number of the study is 12620000672954p. This study was
approved by the Joondalup Health Campus (JHC) Human
Research Ethics Committee. An overview of the study design
is shown in Figure 1.
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Figure 1. Participant flow through the study.

Trial Site and Participating Centers
The MMM interventions are all web-based, and all data will be
collected electronically. As the study will recruit women
receiving antenatal care at JHC, this health campus is considered
the physical trial site.

Participants

Eligibility Criteria
Eligible participants are pregnant women participating in the
ORIGINS project (ORIGINS) and receiving antenatal care at
a metropolitan health campus (JHC). ORIGINS is a longitudinal
birth cohort study that recruits pregnant women and their
partners from 12 weeks of gestational age and follows them and
their child until 5 years postpartum. ORIGINS is open to any
women who are birthing their baby at JHC [62]. Participants
considered for inclusion in the MMM study will be women (1)
at 18 to 30 weeks of pregnancy; (2) aged ≥18 years; (3) able to
read, write, and understand English; and (4) able to access the
internet.

Sample Size
We aim to recruit 25 participants per treatment arm (75
participants in total). The recommended sample sizes per
treatment arm for pilot trials are between 15 and 25 when the

standardized effect sizes for outcomes in the main trial are
expected to be medium (0.5) to small (0.2) [63].

Recruitment
Participants will be recruited at or following their first antenatal
assessment for ORIGINS. Participants will receive recruitment
materials (a recruitment video and website link) via email and/or
text message. Interested participants will be directed to the study
website to complete electronic consent forms and web-based
screening measures via REDCap (Vanderbilt University). In
addition to assessing eligibility criteria and parity (for
stratification), the screening assessment will include the
Edinburgh Postnatal Depression Scale (EPDS). This is a valid
tool for detecting symptoms of depression during pregnancy
and postnatally [64]. Participants scoring above the thresholds
for the risk of depression (total score ≥13) or reporting thoughts
of self-harm (score of 1-3 on item 10) will receive a phone call
from a registered psychologist to discuss referral to more
targeted support services. They will not be excluded from
participation in the study.

Randomization, Allocation, and Masking of the
Intervention Conditions
Following screening, eligible participants will be asked to
complete a web-based assessment battery comprising the
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outcome measures for the main trial. Upon completion of this
assessment battery, the REDCap randomization module will be
used to randomize participants to 1 of the 3 conditions.
Randomization will be stratified by parity (nulliparous or not).
The research assistant (RA) will be notified by email when a
participant has been randomized. Although participants will not
be blinded to the intervention condition, the RA will code
participants’ condition allocation in the database so that the data
analyst is blind to allocation. Minimal sufficient identifying
data will be used to link MMM participant IDs to participant
IDs in the ORIGINS study. This will be used to obtain the
ORIGINS study data on participants’ sociodemographic and
birth outcome data.

Participant Procedure
Once a participant has been randomized, the RA will add the
participant to their allocated intervention condition in Teachable,
the web-based system used to deliver the programs. Participants
will then receive an automated email from Teachable prompting
them to create a password. Participants will also receive a phone
call from the RA to confirm that they have successfully logged
in to the program and to answer any participant questions.
Participants will be asked to nominate a start date for the
program within the next week.

Participants will access their allocated condition within the
MMM program either on a computer (via the Teachable website)
or on a smart device via the Teachable app. On the basis of their
nominated start date, participants will receive an automated
weekly text message with a link to the weekly outcome
measures. These measures involve self-reports of stress, affect,
and emotion regulation and are also designed to prompt
self-reflection. There are also questions about daily practice,
intentions to continue practice, and barriers and facilitators to
practice. Participants who indicate that they do not intend to
continue practice in the next week will be asked if they wish to
opt out of the program. Participants choosing to opt out will be
directed to a survey, which will ask them about the reasons for
opting out of the program and request program feedback. At
the conclusion of the 8-week intervention period, participants
will be emailed a link to the t1 (posttest) assessment battery.
Participants will be emailed again with a link to the t2
(follow-up) assessment battery 3 months after giving birth.

Interventions
All intervention conditions will be delivered on the web using
the Teachable platform. The program is structured so that each

day of the intervention is delivered as a separate lesson. The
same intervention structure will be used for each condition: 8
weeks, with 1 formal practice (audio recording) to be practiced
daily each week. Participants will also receive text instructions
for 1 informal practice each week, which they are encouraged
to practice as often as feasible. The informal practices are
designed to support participants to integrate skills and learning
into their daily activities.

Both the mindfulness training and LKCT interventions were
developed following a two-step process. First, we conducted a
scoping review of the literature to determine key components
of MBIs and CBIs administered during the perinatal period. In
addition to extracting data regarding intervention characteristics
(eg, weekly themes, duration, mode of delivery, home practice),
we also extracted data regarding specific considerations for
delivering meditation-based interventions during pregnancy.
These data were used to develop a draft intervention protocol
for the mindfulness training and LKCT conditions. The protocol
was developed by AF and AO, who have masters-level training
in clinical psychology and are both certified teachers of MBIs
and CBIs. The PMR condition was based on exercises described
by Jacobson [65] and adapted for pregnancy by excluding
muscle tension in the abdominal area.

The intervention protocol was also informed by prior theoretical
and empirical work describing the proposed mechanisms by
which mindfulness and loving-kindness and compassion training
impacts positive mental health and distress. For example,
dismantling studies have supported the theory that acceptance
is a necessary component for MBIs to improve positive emotions
[66], whereas perspectives and empirical data on
loving-kindness and compassion meditation highlight the central
role of self-soothing, caring motivations, and socioaffective
processes (eg, directing loving thoughts toward another)
[37,67-69]. Finally, the structure of the intervention conditions
was informed by the instructional design model for
internet-based MBIs proposed by Lippmann et al [54]. These
include the use of formal and informal practices, provision of
educational and supportive material, and the use of reminders
(via text message) at least once a week. The core themes and
practices for each condition are described in Table 1. Further
information on the formal practices can be found in Multimedia
Appendix 1.
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Table 1. Outline of key themes and practices for each condition.

Progressive Muscle RelaxationLoving-kindness and compassion trainingMindfulness trainingComponents

Relaxation and how relaxation can
support perinatal health

Friendliness toward self; loving-kindness to-
ward self, baby, and others; self-compassion;
responding to difficulties with kindness and
compassion; and how loving-kindness and
compassion can support perinatal health

Nonjudgmental awareness of present-mo-
ment experiences (thoughts, feelings, and
sensations); acceptance of present-moment
experiences (thoughts, feelings, and sensa-
tions); using the breath as an anchor for at-
tention; and how mindfulness can support
perinatal health

Themes

Progressive muscle relaxation ex-
ercise

Compassionate check-in, compassionate body
scan, soothing image practice, loving-kindness
practice, and responding to emotions with
compassion

Body scan, breath-focused meditation,
walking meditation, and mountain medita-
tion

Formal practices

Informal relaxation applied in dif-
ferent contexts (eg, going to bed,
driving, waking up)

Body softening practice, micromoments of
soothing, on-the-spot loving kindness practice,
and savoring practice

Mindfulness of daily activities (chores,
showering, and waking up), mindful com-
munication, mindful walking in nature, and
3-min breathing space

Informal practice

Consumer testing and input for the mindfulness training and
LKCT protocols were sought from a group of 16 women (8 per
condition) who had a recent experience of pregnancy and had
given birth in the past 5 years. Women accessed the meditation
recordings and associated content on the web via the Teachable
platform over the course of 4 weeks. They were asked to practice
formal and informal practices and provide feedback on each
practice using a web-based questionnaire. Reponses were
collated and discussed in a series of focus groups (2 per
treatment condition) where participants described their
motivations and experiences with the intervention protocol and
suggested revisions to the content and structure. For example,
based on participant feedback, the practices in weeks 1 and 2
for each condition were changed from 15 min to 7 min and 10
min, respectively. Recordings were also amended to include
background music. LKCT meditation practices were also slightly
modified with regard to the terms used (eg, removal of the word
suffering). The resulting intervention protocols involved daily
practice of 7 min in week 1, 10 min in week 2, and 15 min in
weeks 3 to 8, coupled with psychoeducation and 1 informal
practice per week.

Data Collection

Study Outcomes
We will assess several metrics to determine the feasibility of
the study across the following domains: recruitment,
randomization, retention, and adherence (Table 2). To assess
the feasibility of the assessment battery and calculate standard
deviations on the measures, the main outcome measures for the
full-scale RCT will be used (Table 3). Postintervention
interviews will be conducted with a randomly selected sample
of participants (n=approximately 15 in each condition) to gather
further data on engagement with practice, reasons for attrition,
satisfaction with the program, enjoyment and value of the
program, and barriers and facilitators to engagement.
Participants will be invited to partake in a semistructured
interview by telephone, videoconference, or at the JHC clinic.
Table 4 shows the Standard Protocol Items Recommendations
for Interventional Trials (SPIRIT) schedule of enrollment,
interventions, and assessment.

Table 2. Summary of outcomes and metrics for pilot study.

MetricsOutcome

Recruitment • Number of participants screened per week
• Number of participants enrolled per week
• Proportion of recruited ORIGINS participants electing to enroll

Randomization • Proportion of eligible participants who access the web-based intervention following randomization
• Proportion of eligible participants who complete at least one session (one day) of the web-based intervention

Retention • Proportion of participants that complete t0 (baseline) measures after commencing them
• Condition-specific completion rates following randomization (completion defined as ≥50% of modules accessed at least

once)
• Proportion of participants commencing baseline measures that complete time 1 (posttest) and time 2 (follow-up) measures

Adherence • Self-reported completion of practice
• Lesson completions in Teachable program

Acceptability • Proportion of participant opt-outs from each intervention condition
• Proportion of participant withdrawals from the study
• Self-reported intervention and study satisfaction
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Table 3. Summary of outcomes and measures for a full-scale randomized controlled trial.

MeasuresOutcomes

Primary outcome

Mental Health Continuum–Short Form (14 items) [70]Mental well-being

Secondary outcomes

Edinburgh Postnatal Depression Scale (10 items) [71]Depression

Generalized Anxiety Disorder (7 items) [72]Anxiety

Perceived Stress Scale (10 items) [73]Stress

Self-Compassion Scale–Short Form (12 items) [74]Self-compassion

Mindful Attention and Awareness Scale (15 items) [75]Mindfulness

Difficulties in Emotion Regulation Scale (16 items) [76]Emotion regulation

Positive and Negative Affect Scale–Short Form (10 items) [77]Affect

EuroQol–5 Dimension (5 items) [78]Quality of life

Tertiary outcomes

Likert scale developed for the study to assess satisfaction with the assigned condition and the overall study (11 items)Program satisfaction

Likert scale developed for the study to assess completion of daily practice, completion barriers and facilitators, and in-
tention to complete practice in the following week (6 items)

Program engagement

Table 4. Standard Protocol Items Recommendations for Interventional Trials (SPIRIT) schedule of enrollment, interventions, and assessment.

TimepointStudy activities in each phase

PostallocationEnrollment

3 months postpartum (t2)Week 10 (t1)Week 9Week 2Week 1 (t0)

Preintervention

N/AN/AN/AN/AbXaEligibility screening

N/AN/AN/AN/AXInformed consent

N/AN/AN/AN/AXAllocation

Intervention

N/AN/AXXN/AWeb-based mindfulness training

N/AN/AXXN/AWeb-based loving-kindness and compassion training

N/AN/AXXN/AWeb-based progress muscle relaxation

Assessments

N/AN/AN/AN/AXDemographics

XXN/AN/AXSelf-reported mental well-being, depression, anxiety, self-
compassion, mindfulness, and quality of life

XXN/AN/AXSelf-reported affect, stress, and emotion regulation

N/AN/AXXN/AProgram engagement

XXN/AN/AN/AInterviews

aX denotes when the study activity occurs.
bN/A: not applicable.

Data Management
On enrollment, all participants will be given a unique identifier
that will be used in all database records. Although patient
identifying information (first name and initials, date of birth,
phone number, and email address) will be collected, this
information will be stored separately to the outcome data and

will be linkable only by the RA. Identifying information will
be used for patient contact and linking with ORIGINS records.

Analytic Plan

Quantitative Analysis
The baseline characteristics of the participants will be reported
to describe the sample. Descriptive statistics will be used to
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summarize the quantitative data collected for each feasibility
domain. Feasibility metrics will address the ADePT (a process
for decision making after pilot and feasibility trials) framework
[79]. This feasibility framework has been incorporated as part
of a phased approach to the development and evaluation of the
intervention. Feasibility assessment will use both quantitative
feasibility data and qualitative data derived from the

postprogram interviews. According to the ADePT framework,
the progression criteria to move from a pilot to full-scale trial
are divided into 3 categories: green, red, and amber (Table 5).
Although the purpose of the study is not hypothesis testing, we
will calculate the differences between the experimental groups
and the control condition for primary and secondary outcomes.

Table 5. Decision-making criteria for full-scale randomized controlled trial, adapted from the “a process for decision making after pilot and feasibility
trials” framework.

MetricsOutcome

Green (proceed to full-scale RCTa without refine-
ment)

• ≥50% of eligible participants consent to the pilot trial
• ≥70% of consented participants commence each intervention arm
• ≥50% of consented participants complete all intervention sessions in each intervention arm
• Program satisfaction ratings and postprogram interventions demonstrate high satisfaction

and acceptability of the program for ≥50% participants

Red (do not proceed to full-scale RCT) • <30% of eligible participants consent to the pilot trial
• <20% of consented participants commence each intervention arm
• Program satisfaction ratings and postprogram interventions demonstrate low satisfaction or

lack of acceptability of the program for ≥50% participants

Amber (consider proceeding to full-scale trial only
after protocols have been refined)

• Neither red nor green criteria were met. Findings from qualitative and quantitative data will
be used to determine whether a full-scale RCT should proceed with revisions

aRCT: randomized controlled trial.

Qualitative Analysis
Qualitative data collected during interviews will be analyzed
to identify key themes regarding program engagement,
acceptable and perceived impacts, and confidence in sustaining
meditation practices. Using the approach by Braun and Clarke
[80] to thematic analysis, transcripts will be iteratively coded,
and codes will be collated into higher-level themes [80].
Transcripts will be reviewed to identify all instances of thematic
codes, with codes expanded or collapsed as required. Qualitative
data will be analyzed using qualitative content analysis [81],
assigning a code to each concept using NVivo. Similar concepts
will be identified and categorized into categories. Data will be
analyzed using a phenomenological approach (ie, as a
description of experiences as consciously experienced by
participants), and narrative themes will be deducted until
saturation. The coding process will be guided by the following
deductive constructs: intervention acceptability, engagement,
and application; mental health and well-being experiences; and
suggestions for program revision.

Data Monitoring and Harms
Adverse events will be monitored weekly based on the
self-reported data provided by participants at the weekly
assessment and the data collected by the ORIGINS team. The
key adverse event linked to the MMM study is deteriorating
mental health; however, there is also a range of potential adverse
events linked to pregnancy that are recorded by ORIGINS. In
the MMM study, participants will be encouraged to contact the
RA at any point if they have concerns about deteriorating mental
health. They are asked weekly if they wish to continue with the
program. If they select “no,” they are asked about their reasons
for discontinuation (including concerns about their mental or
physical health). If participants report concerns about their

mental health during the intervention or upon withdrawal from
the study, they will be screened for depressive symptoms using
the EPDS and for symptoms of traumatic stress using the
abbreviated version of the Posttraumatic Stress Disorder
Checklist–Civilian version (PCL-C) [82]. Participants who
endorse item 10 on the EPDS or score 14 or more on the
abbreviated PCL-C will receive a follow-up phone call from
the study psychologist to discuss referral to more intensive or
specialized support services. If a participant reports concerns
about their mental or physical health, this will be reported to
ORIGINS. ORIGINS has standard operating procedures for
following up adverse events [62]. All adverse events in the
MMM study will be recorded on an adverse event monitoring
form, and all events and follow-up will be reported to an
independent study monitor.

Results

This study was funded in September 2019 and received ethics
approval on July 8, 2020. Enrollment to the study will
commence in September 2020. A period of 1 year is scheduled
for data collection, analysis, and publication of results. The
results will inform the design of an adequately powered RCT.

Discussion

There is a need for scalable, flexible, and accessible
interventions to promote the mental health of women during
the perinatal period. Such interventions play an important role
in supporting maternal resilience across pregnancy, potentially
preventing the development of mental health problems and
adjustment difficulties in the postpartum period. Although there
is evidence to support the use of MBIs for improving
psychological health in the perinatal period, data on the
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feasibility and acceptability of web-based MBIs are limited.
Furthermore, little is known about the comparative benefits of
alternative meditation training programs such as those that aim
to cultivate loving-kindness and compassion. As no prior studies
have compared MBIs and CBIs in the perinatal period, this pilot
study will provide important insights into how women might
differentially experience these interventions. It will also provide
data to support the design of a large-scale RCT.

Strengths
The proposed study has both strengths and limitations. The
relative strength of the intervention approach is the involvement
of mothers in the development of the intervention conditions.
To our knowledge, there is limited literature documenting
consumer involvement in the development of meditation-based
interventions or in perinatal mental health promotion programs.
Furthermore, the proposed trial will collect multiple measures
of intervention engagement, experience, acceptability,
adherence, perceived benefits, and harm. This comprehensive
approach aligns with the recommendations made by Dimidjian
and Segal [83] for progressing the clinical science of MBIs. In
addition, the study is nested within a large longitudinal birth
cohort, enabling future follow-up of study participants and their
offspring. Finally, we have prespecified criteria for determining
the feasibility of the study and determining whether to proceed
with the full-scale RCT. Should the study proceed to a full-scale
RCT, this will be one of few randomized trials of MBIs with
pregnant women that use a well-matched active control
condition.

Limitations
The situation of this study within a larger longitudinal birth
cohort study also has limitations, namely that participants in
the study are limited to those who have already consented to
participate in a research project with a significant time
investment. Accordingly, these women may not be
representative of the general population, and insights into the
accessibility and scalability of the MMM intervention are thus
limited to this group. We propose to address this in the future
by conducting consultation with women and service providers
at other maternity hospitals not participating in ORIGINS and
to study the effectiveness and implementation of the MMM
study in women giving birth in these hospitals. A further
limitation of the study is the potential confounding due to the
capacity of participants in the study to seek psychological
treatment while participating. To explore the impact of
concurrent treatment, we will measure this at baseline and
posttest, with the intention of analyzing these data in a full-scale
RCT. Furthermore, it is anticipated that our sample will be
heterogeneous with regard to the levels of psychological distress
that participants experience and types of other support accessed
during the study period. Despite these limitations, we believe
that the proposed trial will provide important insights into the
potential utility of web-based meditation-based training as a
scalable public health intervention for promoting perinatal
mental health.
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Abstract

Background: Major depression is a severe, disabling, and potentially lethal clinical disorder. Only about half of patients respond
to an initial course of antidepressant pharmacotherapy. At least 15% of all patients with major depressive disorder (MDD) remain
refractory to any treatment intervention. By the time that a patient has experienced 3 definitive treatment failures, the likelihood
of achieving remission with the fourth treatment option offered is below 10%. Repetitive transcranial magnetic stimulation (rTMS)
is considered a treatment option for patients with MDD who are refractory to antidepressant treatment. It is not currently known
if the addition of internet-delivered cognitive-behavioral therapy (iCBT) enhances patients’ responses to rTMS treatments.

Objective: This study will evaluate the initial comparative clinical effectiveness of rTMS with and without iCBT as an innovative
patient-centered intervention for the treatment of participants diagnosed with treatment-resistant depression (TRD).

Methods: This study is a prospective, two-arm randomized controlled trial. In total, 100 participants diagnosed with resistant
depression at a psychiatric care clinic in Edmonton, Alberta, Canada, will be randomized to one of two conditions: (1) enrolment
in rTMS sessions alone and (2) enrolment in the rTMS sessions plus iCBT. Participants in each group will complete evaluation
measures (eg, recovery, general symptomatology, and functional outcomes) at baseline, 1 month, 3 months, and 6 months. The
primary outcome measure will be the mean change to scores on the Hamilton Depression Rating Scale. Patient service utilization
data and clinician-rated measures will also be used to gauge patient progress. Patient data will be analyzed with descriptive
statistics, repeated measures, and correlational analyses.

Results: We expect the results of the study to be available in 24 months. We hypothesize that participants enrolled in the study
who receive rTMS plus iCBT will achieve superior outcomes in comparison to participants who receive rTMS alone.

Conclusions: The concomitant application of psychotherapy with rTMS has not been investigated previously. We hope that
this project will provide us with a concrete base of data to evaluate the practical application and efficacy of using a novel
combination of these two treatment modalities (rTMS plus iCBT).

Trial Registration: ClinicalTrials.gov NCT0423965; https://clinicaltrials.gov/ct2/show/NCT04239651
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Introduction

Background and Rationale
Major depression is a severe, disabling, and potentially lethal
clinical disorder [1-3]. Although there are a wide variety of
pharmaceutical agents available as treatments for major
depression, only about half of patients respond to an initial
course of antidepressant pharmacotherapy [4,5]. For these
patients, the current standard of care involves an empirical series
of treatment attempts, typically using medication switches,
antidepressant combinations, or adjunctive therapy with mood
stabilizers, benzodiazepines, atypical antipsychotics, or other
agents [6]. The adverse event burden and tolerability of some
of these more complex interventions are not trivial and are a
significant factor that hinders patient adherence to treatment
[7]. Similarly, although there is increasing evidence that at least
some of the atypical antipsychotics are effective as adjuncts to
antidepressants, the potential for side effects, including weight
gain and dyslipidemia, warrants both caution and careful clinical
management.

It has been conservatively estimated that at least 15% of all
patients with major depressive disorder (MDD) remain
refractory to any treatment intervention [5,6]. Although a
complicated relationship exists between disease chronicity and
ineffective treatment [8], clinical evidence suggests that the
higher the number of treatment failures, the lower the likelihood
of good treatment response to subsequent interventions [4,9].
The reported results of the STAR*D study are the most vivid
example of this clinical phenomenon [10-16]. In that work,
there was an increased likelihood of more reduced response
with each successive treatment failure. For example, after the
first treatment attempt, about 30% of patients remitted. By the
time that a patient had experienced 3 definitive treatment
failures, the likelihood of achieving remission with the fourth
treatment option offered fell below 10%. Poor treatment
adherence and high discontinuation rates represent a major
challenge, particularly for pharmacotherapy. Strategies for
enhancing adherence include patient education and supported
self-management, as well as the use of collaborative care
systems by practitioners. Treatment adherence should be
discussed at an early stage and monitored frequently during
treatment in a collaborative manner. A weak therapeutic alliance
predicts poorer treatment adherence [17]. These facts underline
the clinical urgency for physicians to identify treatment-resistant
patients as early as possible so that alternative treatments with
proven efficacies may be offered sooner. In turn, this will result
in superior treatment outcomes for these treatment-resistant
patients.

Technology and the internet have dramatically changed
medicine. According to Statistics Canada, 83% of Canadians

had internet access in 2012, and more than 70% use the internet
daily; in addition, 62% were smartphone users [17]. E–mental
health refers to the use of computers, internet, and mobile
devices for mental health information and care provision [18].
E–mental health apps are now widely available for information,
screening, assessment and monitoring, interactive
self-management, psychotherapy, and social support. Clinicians
should be aware that there are benefits and potential harms to
using and recommending e–mental health apps and that few
have good-quality evidence of effectiveness [18-20].
Meta-analyses and reviews of computer-based psychological
treatment for the treatment of MDD, whether delivered over
the internet or as a stand-alone program, demonstrate convincing
support for these treatment modalities [21-27]. Internet- and
computer-delivered cognitive behavioral therapy (iCBT) can
also be helpful in relapse prevention [28].

In 2009, the Canadian Network for Mood and Anxiety
Treatments (CANMAT), a not-for-profit scientific and
educational organization, published a revision of evidence-based
clinical guidelines for the treatment of depressive disorders [29].
CANMAT updated these guidelines in 2016 to reflect new
evidence in the field [30-35]. These updated CANMAT
guidelines cover a variety of treatments, including psychological
treatments in general and cognitive-behavioral therapy (CBT)
in particular, as well as pharmacological treatments,
neurostimulation, and complementary and alternative medicine
(CAM) treatments. Choosing a first-line treatment among these
treatment choices remains a collaborative decision between
patient and clinician. However, there continues to be greater
evidence and clinical experience with traditional treatments
(psychotherapy and pharmacotherapy) and few studies directly
comparing these with neurostimulation or CAM treatments. In
addition, many studies of neurostimulation include populations
of patients who have failed at least one previous treatment.
Therefore, first-line psychological and/or pharmacological
treatments should usually be considered before neurostimulation
or CAM treatments [17,31-35].

Neurostimulation, also referred to as neuromodulation, is an
expanding area of research and clinical interest, driven in part
by the increasing knowledge base on the neurocircuitry of
depression [36]. Most of these neurostimulation treatments have
been studied and are used in patients with TRD who have failed
to respond to standard treatments [33]. However, no previous
studies examined the effect of rTMS plus iCBT in comparison
to rTMS alone. Our study hypothesis is to enhance the efficiency
of the treatment and assess the initial comparative clinical
effectiveness of rTMS treatments when used with and without
iCBT in a patient population where an improvement in treatment
effects is much needed.
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Repetitive Transcranial Magnetic Stimulation
rTMS uses powerful (1.0-2.5 Tesla) focused magnetic field
pulses to induce electrical currents in neural tissue noninvasively
via an inductor coil placed against the scalp. Therapeutic rTMS
is usually delivered by a trained technician or nurse under
physician supervision. Unlike electroconvulsive therapy (ECT),
no anesthesia is required. The therapeutic mechanism of rTMS
is still under investigation, with mechanisms proposed at
molecular, cellular, and network levels [37]. Standard protocols
deliver rTMS once daily, 5 days/week. Stimulation 3 times/week
has been reported as similarly effective, albeit with slower
improvement and a similar number of sessions required overall
[38]. “Accelerated” protocols with multiple daily sessions
(2-10/day) are being explored to complete the course more
rapidly [39,40]. Repeated rTMS sessions can exert therapeutic
effects lasting several months [33]. Clinical trials and naturalistic
studies have found maximal effects at 26-28 sessions [41,42].
Clinical experience concurs in suggesting 20 sessions before
declaring treatment failure, with extension to 25-30 sessions if
improvements occur [33].

More than 30 systematic reviews and meta-analyses have been
conducted on rTMS in depression, with most studies involving
participants with some degree of treatment resistance (ie, having
failed at least 1 or 2 antidepressant trials). Overall, rTMS is
considered a first-line treatment for MDD for participants who
have failed at least 1 antidepressant treatment. Both
high-frequency (10 Hz) rTMS of the left dorsolateral prefrontal
cortex (DLPFC) and low-frequency (1 Hz) rTMS of the right
DLPFC have demonstrated efficacy in numerous meta-analyses
[43-46], with no differences in outcomes between them [43].
Hence both high-frequency left DLPFC and low-frequency right
DLPFC are first-line rTMS protocol recommendations.

The efficacy of rTMS is established in patients with TRD
defined by stringent criteria [47]. The most recent meta-analysis
of high-frequency left DLPFC rTMS for TRD (23 trials,
n=1156) illustrated significant efficacy of rTMS over sham,
with a weighted mean difference of 2.31 and an effect size of
0.33 [48]. In addition, randomized controlled trials (RCTs) with
adequate sessions (20-30) and treatment durations of 4 weeks
or more achieved 40%-55% response and 25%-35% remission
rates, and a real-world effectiveness study reported 58%
response and 37% remission rates [42]. Similarly, for
low-frequency right DLPFC rTMS, a meta-analysis (8 trials,
n=263) revealed that patients who received the treatment had
superior remission rates compared to sham (35% versus 10%,
respectively, P<.001) [49]. Maintenance treatment is essential
to prevent relapse following successful rTMS sessions. One
study (n=204) reported median relapse time at 120 days, with
relapse rates of 25%, 40%, 57%, and 77% at 2, 3, 4, and 6
months, respectively [50]. In another study (n=257),
maintenance rTMS sessions were needed over 12 months for
sustained remission in 71% of rTMS remitters and response in
63% of rTMS responders [51]. Moreover, a study found that
without maintenance, 38% of rTMS responders relapsed within
24 weeks, at a mean of 109 days posttreatment [52]. With
reintroduction of rTMS as needed, 73% met response criteria
and 60% met remission criteria at 24 weeks [52]. Various rTMS
maintenance schedules have been proposed [53,54], yet there

is insufficient evidence to support any particular schedule of
maintenance sessions.

Cognitive-Behavioral Therapy
Cognitive-behavioral therapy is an evidence-based, structured,
intensive, time-limited, symptom-focused form of psychotherapy
recommended for the treatment of major depression and anxiety
disorders [55]. Internet-delivered CBT (iCBT) is structured
CBT delivered via the internet. CBT helps people become aware
of how certain negative automatic thoughts, attitudes,
expectations, and beliefs contribute to feelings of sadness and
anxiety. Specifically, “people undergoing CBT learn how their
thinking patterns, which may have developed in the past to deal
with difficult or painful experiences and negatively affect their
behavior, can be identified and changed to reduce unhappiness”
[56].

Barriers to conventional face-to-face treatment include stigmas
around people seeking help in person, geography (distance from
a health care professional), time, and cost. Increasingly, there
is a desire to pursue internet delivery as an option to increase
access to treatment [57].

ICBT consists of structured modules with clearly defined goals
and is delivered via the internet [56]. Although there are many
types of iCBT programs, each is a goal-oriented session that
typically consists of 8-12 modules and can be guided or
unguided [56]. ICBT programs are made available by computer,
smartphone, or tablet, for a fee [56]. With unguided iCBT,
participants are informed of a website through which they can
participate in an online self-directed program. Guided iCBT
involves support from a regulated health professional (eg, social
worker, psychologist, psychotherapist, occupational therapist,
nurse, or physician). In guided iCBT, people complete modules
and communicate (via email, text messages, or telephone calls)
their progress to a regulated health care professional [56].

MoodGYM is the iCBT program that will be used in this study.
Its stated aims are to help participants identify and overcome
emotional problems and demonstrate how patients can develop
good coping skills for good mental health. It is a modular
program developed by the Centre for Mental Health Research
at the Australian National University [58]. Each module explores
topics including the following: why someone feels the way they
do, changing the way they think, changing “warped” thoughts,
knowing what makes an individual upset, assertiveness, and
interpersonal skills training [58]. Once registered, individuals
work through a series of modules or workbooks, which can be
undertaken piecemeal depending on the time available. Many
studies have demonstrated the effectiveness of MoodGYM for
MDD and anxiety in both outpatients and inpatients in different
clinical settings [19,21,59-67]. In addition, it is effective for the
mitigation of burnout, depression, and suicidality among health
care students and professionals [68].

Objectives
The goal of this project is to evaluate the initial comparative
clinical effectiveness of rTMS treatments when used with and
without iCBT.
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Due to the limited availability of data in this specific area,
another goal of the study is to generate effect size data for these
interventions, which will help inform sample size and power
calculations for a full randomized clinical trial. Patient outcomes
are organized according to recovery variables (eg, recovery and
stigma), functional variables (quality of life and employment),
symptom variables (psychological symptoms and overall
outcomes), and service variables (eg, health service utilization,
cost, and satisfaction).

Methods

Ethics and Dissemination
The study will be conducted per the Declaration of Helsinki
(Hong Kong Amendment) and the Canadian guidelines for Good

Clinical Practice. All participants will provide informed consent
before study inclusion. The results will be disseminated at
several levels, including participants, practitioners,
academics/researchers, and health care organizations.

The study will be a prospective, parallel design, two-arm,
rater-blinded randomized controlled pilot trial with a recruitment
period of 12 months. It will involve active treatment for six
weeks and an observation period of 6 months for each
participant. An overview of the timeline for the project is in
Table 1. The research will be carried out in an Addiction and
Mental Health clinic in a large, sociodemographically diverse
city in Western Canada (Edmonton, Alberta).

Table 1. Gantt chart timeline.

Year 2Year 1Milestones

Q2Q1Q4Q3Q2Q1

Milestone 1: Recruiting and training of trainee in psychiatry, setting up of infrastructure for iCBTa

✓1.1. Advertising and recruitment of a trainee in psychiatry who will support the re-

search/evaluation of the project component, apply rTMSb, and facilitate iCBT.

Milestone 2: The recruitment of study participants

✓✓2.1. Recruitment, baseline assessment, and randomization

✓✓2.2. Assignment into one of the two arms of the study

✓✓✓2.3. Delivery of iCBT and rTMS to participants

Milestone 3: Follow-up assessment of study participants

✓✓3.1. Follow-up assessments of individual study participants

✓✓3.2. Follow-up satisfaction survey of participants, all groups

Milestone 4: Data compilation, data analysis, and preparation of reports, publications, and presentations

✓✓✓✓✓4.1. Data compilation

✓✓✓✓✓4.2. Data analysis

✓4.3. Preparation of reports, publications, and presentations

aiCBT: internet-based cognitive-behavioral therapy.
brTMS: repetitive transcranial magnetic stimulation.

Inclusion Criteria
Study participants should meet the following inclusion criteria:

• Aged 18-65 years
• Suffering from a major depressive episode based on

Diagnostic and Statistical Manual of Mental Disorders
(DSM) 5 criteria and having failed two or more standard
antidepressant treatments during the current episode.

• Hamilton Depression Rating Scale (17-HAM-D) score of
10 or more

• Participant may be on psychotropic medications including
antidepressants, antipsychotics, benzodiazepines, and
anticonvulsants

• Have a good understanding of the English language with
fair computer/internet skills, and able and willing to provide
informed consent.

Exclusion Criteria
The exclusion criteria for this study are the following:

• Diagnosis with the following conditions (current unless
otherwise stated):

• • A neurological disorder, including a history of seizures,
cerebrovascular disease, primary or secondary tumors
in the central nervous system, stroke, cerebral
aneurysm, movement disorder, or any lifetime history
of loss of consciousness due to head injury.

• Any current Axis 1 psychotic disorder (including
substance-induced psychosis, psychotic disorder due
to a medical condition, or major depression with
psychotic features), as defined by the Mini-International
Neuropsychiatric Interview [69] at the screening visit.

• Any current Axis II personality disorder that would
interfere with participation in the study or might affect
cognition and ability to participate meaningfully, as
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well as mental retardation identified through medical
history or by the investigator.

• A current amnestic disorder, dementia, or delirium as
defined by a Montreal Cognitive Assessment score of
≤16, or any other neurological or mental disease that
might affect cognition or the ability to participate in
CBT meaningfully.

• Participation in any drug or device clinical trial in the six
weeks (42 days) prior to the screening visit and/or
participation in another clinical trial for the duration of the
study.

• Participants who are pregnant/breastfeeding.
• Discovery and/or the sudden appearance of any condition

or circumstance from the above list that, in the opinion of
the investigator, has the potential to prevent study
completion and/or to have a confounding effect on outcome
assessments.

The rTMS-trained health care practitioners’ team will determine
a participant’s eligibility for the rTMS treatments. Once the
individual has been accepted into the rTMS program, a member
of our research team will introduce the study to him/her, give
them a copy of the information leaflet, and ask if they would
also be interested in enrolling in our study. The recruitment and
an informed consent process will involve a face-to-face meeting
with the eligible participant during the week of their rTMS
eligibility assessment, which occurs 1 week before beginning
the rTMS sessions. Participants can also withdraw from the
study at any time without providing a reason. To withdraw,
participants can contact the research coordinator to let him/her
know. If participants leave the study, we will not collect new
health information about them, and they may ask the research
coordinator to withdraw any data we have already collected
from them before data analysis and dissemination.

Interventions
Participants would be randomly assigned to receive either rTMS
alone or rTMS plus iCBT. Participants in both arms of the study
will attend an introductory visit to introduce the rTMS system
to them and explain the procedure that will be carried out in
each visit. Participants will be asked to complete standard
questionnaires as part of their participation in the rTMS
program. A week before the start of rTMS sessions, the
participants will be invited into the clinic for motor threshold
(MT) assessments, which are important for selection of
stimulation intensities for each patient, and assessment for
inclusion in the study. MT is roughly a measure of the TMS
intensity necessary to evoke a peripheral motor response. These
assessments will be done by the rTMS team, which includes
health care practitioners trained on how to assess and use rTMS.
Each of the assessments will take 3-5 minutes, and the total
time will be 35-45 minutes. The timeline for visits will be the
same for all participants. All participants will be scheduled to
receive 30 sessions of rTMS treatments over 6 weeks as
predetermined by Alberta Health Services' Strategic Clinical
Network for Addiction and Mental Health. In addition,
participants in the rTMS plus iCBT arm of the study will be
assisted in registering for the iCBT program (MoodGYM) to
receive unique login information. They will be assisted in

participating in 12 one-hour sessions of iCBT at the clinic
followed by rTMS treatments on the same day. These in-clinic
iCBT sessions will be scheduled at about three-day intervals
(ideally Tuesdays and Thursdays) so that participants receive
two iCBT sessions each week. These in-clinic iCBT sessions
are necessary to avoid poor treatment adherence and high
discontinuation rates, as conducting these sessions by themselves
at home may represent a major challenge for patients with TRD.
Participants would also be encouraged to continue with iCBT
treatments on their own at home, outside the sessions delivered
in the clinic. The personal information relating to the
MoodGYM website that will be collected consists of age group,
gender, email address, password, answers to secret questions
nominated, and the information the participants submit when
using the MoodGYM website (including quizzes, workbooks,
and diaries). In addition, the following information about
participants’ usage of the MoodGYM website will be collected
by using transient cookies: participants’ browser’s internet
address, the date and time the site was visited, the pages that
were accessed and the documents that were downloaded, the
type of browser used, the number of bookmarks created, the
last viewed date, the time of visit, and details about participant’s
subscription excluding credit card details. MoodGYM has its
own privacy policy that controls the personal information
obtained from all participants under their respective User Data
profile. There is no risk that a participant’s diagnosis could be
exposed to the public should a breach at MoodGYM occur.

All participants will be followed up for 6 months and will be
encouraged to continue to receive whatever community
clinic/program treatments or supports are part of their usual
care.

Sample Size
Consistent with the idea that this is a pilot study, with no
established effect size data available to aid in power and sample
size calculations, the research will use data that can be elicited
from participants who can be enrolled within existing
operational resources. This method is acceptable for pilot studies
involving novel interventions and has been described by Haynes
et al [70] as using “the participants I can get.” Therefore, the
study will be limited to a sample size of 100, with about 50
participants recruited into each arm of the study. Patients with
TRD are vulnerable to severe depressive attacks, and it can
reasonably be expected that only a small number of eligible
participants will enroll in and complete the study.

Results

We hypothesize that participants enrolled in the rTMS plus
iCBT treatment arm of the study will achieve superior outcomes
compared with participants enrolled in the rTMS alone arm of
the study on each outcome measure used.

Outcomes
Outcome measures and time points are detailed in Table 2 and
follow from the aim and objectives of the study. All measures
(except patient experience questionnaire, interviews, and data
extraction) are objective measures with published information
regarding reliability and validity. The Hamilton Depression
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Rating Scale (HAM-D) [71,72] will be the primary outcome
and all other measures will be secondary outcomes. These
measures include the following: Columbia Suicide Severity
Rating Scale (CSSRS) [73,74], Young Mania Rating Scale
(YMRS) [75], Quick Inventory of Depressive Symptomatology
Self Report-16 (QIDS SR-16) [76], Frequency, Intensity, and
Burden of Side Effects Ratings (FIBSER; edited for rTMS)
[77], Patient Rated Inventory of Side Effects (PRISE) [78],
EuroQoL 5-Dimension 5-Level (EQ-5D-5L) [79,80], and World

Health Organization Disability Assessment 2.0 (WHODAS 2.0)
[81]. The primary outcome measure will be the mean change
in the scores on the Hamilton Depression Rating Scale. Patient
service utilization data and clinician-rated measures will also
be used to gauge patient progress. Patient data will be analyzed
with descriptive statistics, repeated measures, and correlational
analyses. All quantitative data will be analyzed using SPSS
(Version 26; IBM Corp) [82].

Table 2. Client-oriented outcome measures.

Time points assessedOutcome measures

6 months3 months1 monthBaselineRaterToolVariable type and construct

Symptom variables

✓✓✓✓ClinicianHamilton Depression Rating Scale (HAM-D)Depression

✓✓✓✓ClientQuick Inventory of Depressive Symptomatology
Self Report-16 (QIDS SR-16)

Depression

✓✓✓✓ClinicianColumbia Suicide Severity Rating Scale
(CSSRS)

Suicidal ideation

✓✓✓✓ClinicianYoung Mania Rating Scale (YMRS)Mania

Functional variables

✓✓✓✓ClientFrequency, Intensity, and Burden of Side Effects
Ratings (FIBSER; edited for rTMS)

Side effects

✓✓✓✓ClientPatient Rated Inventory of Side Effects (PRISE)Side effects

✓✓✓✓ClientWorld Health Organization Disability Assess-
ment 2.0 (WHODAS 2.0)

Disability measures

✓✓✓✓ClientEuroQoL 5-Dimension 5-Level (EQ-5D-5L)Quality of life

Randomization and Blinding
A simple randomization technique will be used based on a single
sequence of random assignments. A computer-generated Excel
sheet (Microsoft Corp) will be used for simple randomization
of subjects. Randomization will be stratified by using permuted
blocks to ensure balance (1:1) between the two follow-up
treatment groups. The randomization codes will be transmitted
by an independent statistician via text message directly to a
researcher’s password-protected phone line with a secure online
backup. This will commence as soon as participants sign the
consent forms.

As it will not be possible for participants to be blinded, treatment
allocation will be made explicit to them as soon as
randomization is concluded. Primary outcome assessors will
be blinded to treatment group allocation by not involving them
in discussions about study participants and not granting them
access to the database that contains the randomization code.
After data collection is complete, all data will undergo a blind
review for the purposes of finalizing the planned analysis.

Follow-up Assessment
At 1, 3, and 6 months, a blinded researcher will contact all study
participants and help them complete a range of assessment tools
relating to the primary and secondary outcome measures. They
will be offered the opportunity to complete the assessments
face-to-face or over the phone. Qualitative data collection will
be in the form of a patient experience questionnaire and a focus

group workshop, which will be conducted at 3 and 6 months.
At 6 months, data related to each person’s clinic/program
attendance rates and utilization of health services will be
compiled from administrative records by the blinded researcher.

Patient and Public Involvement
This study was designed to address the clinical urgency to
identify and respond to early evidence of treatment resistance
using treatments that have proven efficacy in these more
difficult-to-treat psychiatric patients. The study is designed as
patient-oriented research with the active involvement of a patient
representative who will be a coauthor of the study protocol. Our
randomized trial offers participants the opportunity to provide
feedback regarding the burden of the intervention through a
focused group workshop involving a cross-section of participants
from the two arms of the study.

Ethics and Dissemination
The study will be conducted per the Declaration of Helsinki
(Hong Kong Amendment) and Good Clinical Practice (Canadian
Guidelines). Written informed consent will be obtained from
each participant. The study has received ethical clearance from
the Health Ethics Research Board of the University of Alberta
(Pro00094208). The study is registered with ClinicalTrials.gov
(registration number NCT04239651; preresult). The study
results, expected 18 months after commencement of recruitment,
will be disseminated at several levels, including participants,
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practitioners, academics/researchers, and health care
organizations.

The investigator’s team will plan an organizational engagement
strategy to advance discussions about practicability and
effectiveness before the conclusion of the trial. This will help
ensure the findings are a relevant part of decision-making
processes in a way that is aligned with study findings as they
emerge. This may facilitate the planning of a more extensive
study that is endorsed at both leadership and operational levels
so that the potential benefits of the interventions can reach
participants in a timelier fashion.

Discussion

Overview
The results of the study will provide the data required to evaluate
the initial effectiveness of rTMS plus iCBT for patients
diagnosed with resistant depression. The majority of RCTs
support the efficacy of rTMS for major depression. The data
collected on rTMS is significant only as a single intervention.
The concomitant application of psychotherapy with rTMS has
not been investigated previously. We hope that this project will
provide us with a concrete base of data to evaluate the practical
application and efficacy of using a novel combination of these
two treatment modalities (rTMS plus iCBT). To our knowledge,
no clinical trials have applied these two new treatment

interventions together before. Due to the limited availability of
data in this specific area, another aim is to generate effect size
data for these interventions, which will help in sample size and
power calculations for a full randomized clinical trial.

Strengths of This Study
The strengths of this study include the following:

• Randomization of participants will ensure that participants
in the two treatment arms have somewhat similar psychiatric
morbidity at baseline.

• Blinding of primary outcome assessors for the primary
outcome measures will ensure the elimination of bias in
outcome measures.

Limitation of This Study
The limitations of this study include the following:

• The small sample size may reduce the study power, which
will limit the ability of the study to detect differences in
outcome measures between participants in the two treatment
arms.

• Possible variability in concomitant treatments (medication
and/or psychotherapy) being received by patients outside
the rTMS clinic as well as the differing lengths of treatment
time between the two arms of the study could have
confounding effects on the outcomes of our interventions.
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Abstract

Background: Patient-centered registries are essential in population-based clinical care for patient identification and monitoring
of outcomes. Although registry data may be used in real time for patient care, the same data may further be used for secondary
analysis to assess disease burden, evaluation of disease management and health care services, and research. The design of a
registry has major implications for the ability to effectively use these clinical data in research.

Objective: This study aims to develop a systematic framework to address the data and methodological issues involved in
analyzing data in clinically designed patient-centered registries.

Methods: The systematic framework was composed of 3 major components: visualizing the multifaceted and heterogeneous
patient-centered registries using a data flow diagram, assessing and managing data quality issues, and identifying patient cohorts
for addressing specific research questions.

Results: Using a clinical registry designed as a part of a collaborative care program for adults with depression at Mayo Clinic,
we were able to demonstrate the impact of the proposed framework on data integrity. By following the data cleaning and refining
procedures of the framework, we were able to generate high-quality data that were available for research questions about the
coordination and management of depression in a primary care setting. We describe the steps involved in converting clinically
collected data into a viable research data set using registry cohorts of depressed adults to assess the impact on high-cost service
use.

Conclusions: The systematic framework discussed in this study sheds light on the existing inconsistency and data quality issues
in patient-centered registries. This study provided a step-by-step procedure for addressing these challenges and for generating
high-quality data for both quality improvement and research that may enhance care and outcomes for patients.

International Registered Report Identifier (IRRID): DERR1-10.2196/18366

(JMIR Res Protoc 2020;9(10):e18366)   doi:10.2196/18366

KEYWORDS

patient-centered registry; collaborative care model; care coordination management; integrated behavior health; systematic
framework

Introduction

Background
Patient-centered registries can complement standard electronic
health records (EHRs) for the purpose of coordinating an

organized response to a subgroup of patients with the goal of
improving health care quality and value [1]. The National
Institute of Health defines a clinical registry as “a collection of
information about individuals, usually focused around a specific
diagnosis or condition” [2]. Properly designed and executed
registries can play essential roles in enabling patient-centered
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care, assessing disease burden, evaluating disease management
and health care services, disseminating and using information
about targeted diseases and health services, and conducting
comparative effectiveness outcomes research [3-5].

The EHR has revolutionized the capture and storage of clinical
data. However, as patients often seek care across multiple health
systems, use multiple pharmacies, and change insurance carriers,
the data captured in EHRs may be limited to better characterize
patient cohorts or evaluate longitudinal clinical care [3]. To
enable a comprehensive view of a patient and enable research
that can guide policy and best practices, there is a need for
patient-centered registries to be integrated with the EHR,
administrative claims data, and pharmacy databases [6].
Additionally, there is a need for registry oversight to ensure
data integrity and the conceptual and methodological
frameworks for generating and evaluating data-driven
hypotheses. In this study, the patient-centered registries
primarily consisted of patients’ clinical outcomes,
self-management ratings, and measures of satisfaction with care.

Mental health disorders are common (46.6 million of the US
population in 2017) [7], create significant disability and losses
in productivity [8], and lead to substantial health costs. The
majority of patients in the United States, however, do not receive
effective mental health care [9]. The majority of patients with
mental health problems present in primary care settings [10],
where collaborative care models (CCMs) have been tested and
implemented with positive outcomes in over 75 randomized
controlled trials [11]. CCMs for mental health problems address
the lack of access to specialty care with an evidence-based
model. CCM has several critical elements that typically include
(1) a care coordinator to connect with and manage the patient
with a given illness, (2) a method of identification and tracking
of these patients using a patient-centered registry, (3) the
participation of a specialist providing a regular review of these
patients with oversight of the care coordinator, and (4) a primary
care provider who continues to care for these patients.
Depression in adults is a very common target for CCM, based
on the improving mood-promoting access to collaborative
treatment (IMPACT) model [12]. New sources of reimbursement
for this model from the Center for Medicare and Medicaid
Studies provide incentives for clinical practices to adopt
collaborative care. Each practice must create its own
patient-centered registry for clinical management of those
patients in collaborative care, assessing outcomes, and
potentially a clinical research.

In 2008, the division of Integrated Behavioral Health (IBH) at
the Mayo Clinic began implementing CCM for adult depression
in primary care. As a part of that effort, a patient-centered
registry was built with the ability to track both clinical outcomes
and care engagement for the patient population over time. The
registry was designed to support the implementation of CCM
to deliver integrated and coordinated treatment for depression
[13]. Outcomes and changes in treatments for patients were
systematically captured and summarized in a transparent and
actionable manner, which promoted more rapid changes in
treatment for patients who were not improving compared with
practice as usual [14]. The integrated nature of the CCM enabled
providers to systematically take into account the complex

medical, psychological, social, and cultural factors affecting a
patient’s illness and provide personalized treatment plans to
ensure that treatment goals were met.

The depression registry included information on diverse patients
with respect to disease severity, treatment protocols,
comorbidities, and socioeconomic and ethnic backgrounds. The
Mayo Clinic system is a multispecialty practice in a city of
100,000 with both primary and specialty care included within
the same EHR along with hospital and emergency room data.
For this implementation, the capacity has existed to potentially
integrate the registry data with administrative, pharmacy,
emergency, and hospitalization databases as well as patients’
social determinants of health and personal health records.
Despite the robust design and implementation of the depression
registry, there were inherent data limitations that impeded
effective research. Specifically, as the registry has prevalent
data quality issues (data inconsistency, accuracy, and
completeness), defining or utilizing longitudinal outcomes for
research has been challenging. Additionally, identifying patient
cohorts (group of patients sharing similar clinical or utilization
characteristics) in the registry for a retrospective study is a
challenging process.

Objectives
Previous studies have discussed the challenges of evaluating
data-driven hypotheses using data accumulated in
patient-centered registries and have offered general guidelines
to address these challenges. For example, Gliklich et al [15]
provided an overview of data quality issues including data
completeness, missing values, and data accuracy in registries
and listed available solutions for the problems. In another study,
Kodra et al [16] discussed 6 dimensions of data quality such as
data usefulness, accessibility, and timeliness in registries for
rare diseases. They also proposed methods for evaluating the
quality of data against the 6 dimensions. Although helpful in
identifying problems and strategies, these studies did not propose
a systematic framework to address the methodological
challenges of identifying patient cohorts in the patient registries,
specifically in patient-centered registries for mental disorders.
For the purpose of this study, we defined the systematic
framework as an analytical tool, consisting of structured
components that addressed the challenges of evaluating a
data-driven hypothesis using accumulated data in a
patient-centered registry.

To demonstrate the general applicability of the systematic
framework, we applied it to generate an analytic sample of
patients from the depression registry and used the sample to
describe the structure and characteristics of the implemented
CCM.

Methods

The major components of the systematic framework include
(1) development of a data flow diagram (DFD) to visualize
components of the registry; (2) data quality assessment, which
focused on the analysis of data errors (accuracy) and missingness
(completeness); and (3) identification of patient cohorts, which
covered the challenges of identifying comparable patient cohorts
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in longitudinal clinical care. We demonstrated the feasibility
and usefulness of this framework using the depression registry.
By following the analytical steps of this framework, we
produced high-quality data and identified major patient
subgroups for subsequent cross-sectional or longitudinal studies.
This study was reviewed and approved by the Institution Review
Board at the Mayo Clinic. See Multimedia Appendix 1 for more
information about the depression registry.

Patient Registry DFD
In exploring the use of patient-centered registries for research,
a DFD [17] provides research teams with a high-level view of
the scope and focus of the registry. Additionally, a DFD allows
the reader to visualize the interaction between different
components of the registry and the clinical decision-making
process designed to manage patient care. This visualization
subsequently facilitates the process of generating rules for data
quality assessment and defining patient cohorts for a specific
research question. Designing a DFD for a patient-centered
registry should include 3 major parts. First, the eligibility portion
of the DFD needs to present information about the criteria and
evaluation models for identifying eligible patients in the registry.
Second, an enrollment section of a DFD should include
information about enrollment, specifically the patients’decision
to enroll in the registry after being approached by clinicians and
a list of patients who met eligibility requirements but were not
approached. Finally, the third section of a DFD should provide
information about the flow of enrolled patients in the registry

during and after receiving the intervention. This part can also
include information on the process of data collection at the
initial and follow-up visits for enrolled patients.

We used the DFD to visualize components of the depression
registry and the CCM intervention (Figure 1). The first part of
the depression DFD presents criteria for identifying eligible
patients for the CCM intervention, including a clinical diagnosis
of depression with a Patient Health Questionnaire (PHQ-9) ≥10
[18], age ≥18 years, and no history of bipolar disorder. The
second part of the DFD focused on eligible patients, including
those who refused to enroll in the CCM. The patient’s refusal
of the intervention was recorded as an opt-out status in the
depression registry. A patient may refuse to enroll in the CCM
for various reasons, including cost or time commitment.
Additionally, a patient may not be approached for reasons
including lack of space in the program, perceptions that the
patient was already involved in analogous services, and past
lack of interest in participating. Finally, the last part of the DFD
demonstrated that an enrolled patient could experience 3
potential outcomes: drop out (stopping the CCM without
completing a course of treatment), remitted (remission from
depression), and discharged (discharged from the CCM without
reaching the remission status). The enrolled patients were
required to complete questionnaires related to anxiety symptoms
[19], bipolar disorder [20], and alcohol use disorder [21] and
to provide information about lifestyle components and
medication use. This information was updated in follow-up
visits and was used for assessing the patient’s treatment plan.
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Figure 1. Data flow diagram of the Integrated Behavioral Health registry. AUDIT: Alcohol Use Disorders Identification Test; CCM: Care Coordination
Model; GAD7: General Anxiety Disorder-7; MDQ: Mood Disorder Questionnaire; PAU: Practice As Usual.

Overall, the DFD provided insight into the underlying structure
of the data, the main patient cohorts available in the registry,
and the potential limitations of retrospective studies based on
data from the patient-centered registries. For example, the DFD
showed that the depression registry included 3 major patient
cohorts: nonapproached, opt out, and enrolled. Additionally,
the patient information in the registry consisted of both
structured and unstructured data (clinical notes), creating
additional variables for interpretation.

Data Quality Assessment
Identifying the data quality issues and adopting appropriate
solutions to solve those issues are a critical part of data
processing in patient-centered registries that evolve over time.
The research team may use available frameworks of data
analysis errors, such as those described by Tallentire et al [22]
or Kahn et al [23] to evaluate the quality of observation data in
the registry against 6 dimensions: accuracy, completeness,

consistency, timeliness, validity, and uniqueness. The
frameworks also help the research team focus on potential errors
in the data sets and to generate rules to address those errors. We
use the term observation data because the primary goal for
collecting the data from patients was for clinical care not for
research purposes.

To facilitate the process of identifying and refining data errors
in the depression registry, we used the Kahn framework. This
framework consists of 5 components: (1) attribute domain
constraints, (2) relational integrity rules, (3) historical data rules,
(4) state-dependent object rules, and (5) attribute dependency
rules. Using these components, we were able to measure the
accuracy, validity, consistency, uniqueness, and completeness
of data in the registry. Although evaluating the quality of data
for the timeliness was out of the scope of this study, Table 1
shows the rules we generated for each component to identify
and solve the data errors in the depression registry.
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Table 1. Framework for analysis of data errors.

Generated rules with examplesComponentsDimensions of data quality

Attribute domain
constraints

Accuracy, consistency, validity,
and completeness

• Define the domain of elements in the registry
• Use the frequency analysis to identify data elements with values out of the range of the

domain
• Identify inconsistencies in the data elements’ domain

Examples:

• All items in the PHQ-9a-questionnaire should have a value between 0-3.
• All answers to the question about the “current employment status” should be recorded

as Yes or No. All other answers such as “I am employed” or “I am looking for a job”
should be converted to Yes and No, respectively.

Relational integrity
rules

Consistency, uniqueness, and
completeness

• Identify unique identifiers (primary keys) in each data set for mapping different data
sets.

• Define appropriate strategies for mapping data sets.

Example:

• The variables Medical-record-number, eligibility- date, and activation-date can be used
as identifiers for mapping patients across different data sets.

Historical data rulesAccuracy, consistency, validity,
and completeness

• Identify data elements capturing date and time (date-time) of events in the IBHb registry.
• Identify data elements that their differences present duration for an event (eg, duration

of the CCMc).
• Identify date-time elements that needed to be recorded in a specific time interval.

Examples:

• Date of birth should be recorded before all events associated with an individual patient
in the registry.

• The difference between the activation-date (start date) and the end-date indicates the
duration of the intervention.

• Each enrolled patient should have at least one contact date, otherwise the contact date
should be labeled as a missing value.

State-dependent ob-
jects rules

Completeness, consistency,
uniqueness, and accuracy

• Identify a set of events whose occurrence depends on other events in the registry.
• Identify a set of events whose occurrence is concurrent with other events in the registry.

Examples:

• Patients with an end date for the CCM intervention should also have a start-date and eli-
gibility-date; otherwise, the start date and eligibility date would be labeled as missing
values.

• The recording date for completing the PHQ-9, MDQd, GAD7e, and AUDITf question-
naires should be before or at the same date of enrollment date.

Attribute dependen-
cy rules

Accuracy • Evaluate accuracy of events that follow other events.
• Identify data elements having aggregated values of associated components of the data

elements.

Examples:

• The total score of the PHQ-9 should be equal to the sum of the values of 9 items of the
questionnaire.

aPHQ-9: Patient Health Questionnaire.
bIBH: Integrated Behavioral Health.
cCCM: care coordination model.
dMDQ: Mood Disorder Questionnaire.
eGAD7: General Anxiety Disorder-7.
fAUDIT: Alcohol Use Disorders Identification Test.

Addressing Missing Data in Patient-Centered Registries
Addressing the missing data in patient-centered registries
depends on (1) frequency of missing data; (2) the source of
missing data, which might be due to reasons such as patients’
unwillingness to share the requested information with clinicians,

clinicians’ failure to collect the required information, data entry
and processing error, and changing the guidelines of data
collection of the registry; and (3) the type of missing data that
can be summarized as missing completely at random (MCAR),
missing at random, and missing not at random. See Multimedia
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Appendix 2 [24] for more information on the source and type
of missing data. There are different approaches to handling the
missing data with complete case analysis and imputation
methods using machine learning or aggregation methods as
common solutions.

The following are examples of our methods for handling missing
values in the depression registry:

1. Using the complete case analysis for handling missing data
in the CCM intervention data set: According to the
guidelines of the depression registry, all patients enrolled
in the CCM intervention should have an eligibility date, a
start date, and an end date. Patient instances with a start
date but without an end date were marked as missing data.
As the number of missing data was low (0.4% or 90 out of
a total of 18,716) and the source and type of the missing

data were data entry error and MCAR, respectively, we
simply dropped these patients from inclusion in the registry.

2. Developing an algorithm to identify and handle patient
instances with a missing start date for the CCM intervention:
To identify patient instances with a missing start date, we
first computed the
eligibility-time
(end date minus eligibility date). If eligibility-time >0, we
computed the total number of contacts and total time spent
on communication between clinicians and patients during
the eligibility-time. For patient instances with contact
information, the first date of contact was marked as the start
date. Overall, we identified 154 patient instances with a
missing start date for the CCM intervention. Figure 2
visualizes the steps of this algorithm.

Figure 2. Identifying patient subgroups in the depression registry. CCM: collaborative care model.

Identifying Patient Cohorts in Patient-Centered
Registries
To conduct comparative effectiveness research and health
outcome studies using longitudinal data collected for clinical
purposes, the research team needs to identify comparable patient

cohorts and to define proper observational and outcome
windows before entering the phase of data modeling and
analysis. This is more complicated in registry data collected
over long periods of time, as patients may have a wide variety
of interactions recorded. In this section, we discuss the
challenges of identifying patient cohorts and defining outcome
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windows in patient-centered registries, and then, we provide an
approach to address these challenges based on the depression
registry.

Excluding Ineligible Patients Based on the Specifications
of the Research Question
Commonly, the first step in defining patient cohorts in registries
for a specific research question is to define inclusion and
exclusion criteria related to the aims of the study. For example,
using the data in the depression registry, we were interested in
investigating the effectiveness of the CCM intervention in
improving health care outcomes in patients with depression. To
answer this research question, we started with the inclusion and
exclusion criteria, which, as illustrated in the DFD (Figure 1),
was defined as all adult patients (≥18 years) who had a clinical
diagnosis of major depression, with no prior diagnosis of bipolar
disorder and with moderate to severe symptoms of depression
(PHQ ≥10) before or on the start date of the enrollment for the
CCM intervention. Patients who did not meet these criteria were
excluded from the study sample.

Identifying Major Patient Subgroups in Patient-Centered
Registries
The second step in defining patient cohorts in a patient registry
is to identify major patient subgroups. The DFD of the registry
can be very helpful in providing information about the different
patient statuses (eg, enrolled or opt out), which can provide an
insight into the possible patient subgroups in the database.
Consultation with clinicians can also be helpful in identifying
the subgroups.

In our case study, the DFD (Figure 1) shows that an individual
patient may experience 3 possible statuses in the depression
registry: enrolled, opt out, and not approached. After a
discussion with the research clinicians, we utilized 2 data sets,
the CCM data set and the contact data set to design 2 algorithms
(algorithms A and B in Figure 2) to identify the 3 patient statuses
in the registry. The CCM data set recorded the eligibility date
of the patients for the intervention of CCM (eligible date), the
date that a patient was recruited by a care coordinator (start
date), and the date that the intervention ended (end date). All
patient instances in the CCM data set were required to have an
eligible date and end date, but the start date could be missing
if the patient was not approached by clinicians for the CCM
intervention. We computed 2 variables, activation-time
(SE_Time) and eligibility-time using this data set, indicating
the time that the patient status was open in the CCM intervention
and in the registry, respectively. The contact data set included
the number of contacts that occurred between care coordinators
and patients for the CCM intervention and the associated time
spent for each communication. Using these data sets, we
computed the frequency and time of contacts (total time spent)
between care coordinators and patients if the patients’
activation-time or eligibility-time was greater than 0. If the
frequency=0 or total-time-spent=0, the patient was considered
not enrolled in the CCM intervention. Table 2 presents the
description, counts, and min/max distribution of the key date
variables in the CCM and contact data sets used in algorithms
A and B (Figure 2) for identifying major patient subgroups as
well as some derived variables.
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Table 2. Descriptions of and statistics of variables used in algorithms A and B (Figure 2).

MaximumMinimumNo missingNo.DescriptionVariables

CCMa database

May 17, 2018March 3, 2008015,576 (patient instances)The date that the patient was
eligible for the CCM interven-
tion.

Eligibility date

May 14, 2018March 6, 20083649 (23.42); patient in-
stances having missing
start-date

15,576 (patient instances)The date that the care coordi-
nator offered the CCM to the
patient.

Start date

May 15, 2018March 3, 2008015,576 (patient instances)The end date of the CCM in-
tervention.

End date

Computed variables using the CCM database

1263 (days)0 (days)011,927 (76.57); patient
instances having start-
date

Difference between the start
date and the end date.

Activation-time
(SE_Time)

900 (days)0 (days)03649 (23.42) patient in-
stances having eligibility
date but without start
date

Difference between the eligi-
bility date and the end date, if
the start date is missing.

Eligibility-time

Contact database

September 28,
2018

March 7, 2008206 (0.17)121,435 instances of
contact

The date of contact between
the patient and the care coor-
dinator.

Contact date (date of
contact)

990 min00121,435 instances of
contact

The time spent for each con-
tact.

Time spent

Computed contact variables for patient instances with activation-time >0

123 (number of
contact)

1 (number of
contact)

90 (1.32); total number
of patient instances with
no contact information

6824; total number of
enrolled patient instances
having contact informa-
tion

Total number of contacts be-
tween the clinician and the
patient with activation-time
>0.

Total number of con-
tacts for each patient
instance (algorithm A)

3375 (min)0 (min)90 (1.32); total number
of enrolled patient in-
stances with no contact
information

6824; total number of
enrolled patient instances
having contact informa-
tion

The total time that the clini-
cian spent for communicating
with the patients with activa-
tion-time >0.

Total time spent for
each patient instance
(algorithm A)

Computed contact variables for patient instances with eligibility-time >0

27 (number of
contacts)

1 (number of
contacts)

263 (60.73); total number
of patient instances with
eligibility time >0 and
having no contact infor-
mation

433; total number of pa-
tient instances with eligi-
bility time >0

Total number of contacts be-
tween clinicians and patients
with eligibility-time >0.

Total number of con-
tacts for each patient
instance (algorithm B)

645 (min)0 (min)263 (60.73); total number
of patient instances with
eligibility time >0 and
having no contact infor-
mation

433; total number of pa-
tient instances with eligi-
bility time >0

The total time that the clini-
cian spent for communicating
with patients with eligibility-
time >0.

Total time spent for
each patient instance
(algorithm B)

61600154 (35.56); total number
of patient instance s hav-
ing at least one contact
date

Duration between the first
contact date (in the contact
data set) and the end date (in
the CCM data set).

CE_Time (algorithm B)

aCCM: care coordination model.

Identifying Observation and Outcome Windows for
Patients With Multiple Statuses in the IBH Registry
The third step for defining patient cohorts in a patient registry
for a specific research question is to identify proper observation
and outcome windows of patients with chronic illnesses who

are followed over several years and have multiple points of
eligibility due to the fluctuating nature of their condition. In
chronic disease research where patients are followed over time,
choosing observation and outcome windows can be difficult,
primarily due to the heterogeneous behavior of the patients and
the clinical program. For example, in the depression registry, a
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patient may be eligible multiple times for the intervention but
never approached (nonapproached patients) by providers to
enroll in the CCM intervention (part A in Figure 3). On the
other hand, an eligible patient may be approached by the
provider multiple times but refused to enroll in the intervention

(opt-out patient, part B in Figure 3). However, some eligible
patients may enroll in the intervention multiple times (part C
in Figure 3). It is possible for multiple variations to occur with
the patient not approached for one occurrence, opt out for
another, and then enroll for another.

Figure 3. An illustration of a patient with multiple statuses in the Integrated Behavioral Health registry. CCI: care coordination intervention; ~E: not
eligible; E: eligible; NA: not approached.

If the focus of the research question is on measuring the
effectiveness of an intervention for a specific outcome such as
an emergency department visit or rehospitalization, it is often
unclear how to optimally define an index date (start of
follow-up) for the 3 subgroups (enrolled, opt out, and not
approached) identified in Section Patient Registry DFD and
presented in Figure 3 parts A, B, and C. For example, for
patients with multiple enrolled statuses, the index date can be
defined as the start date of the first enrollment or it could be the
start of a later enrollment. Each of the selected index dates may
not necessarily lead to the same conclusion about the
effectiveness of the intervention. Changes in practice (eg, the

introduction of a new antidepressant or clinical service) may
happen over time, which could impact clinical outcomes for
patients starting CCM during a given period versus another one.
Similarly, for patients with multiple opt-out statuses and who
have never enrolled, their index date can be taken as the first,
the last, or an interim opt-out date. It is not clear which is
optimal; the different index dates may lead to different
conclusions. In complex situations, setting an arbitrary index
date to define observation and outcome windows could increase
the risk of measurement bias (part D of Figure 3).
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Our solution for identifying a proper index date to define patient
cohorts for a cross-sectional study focused on measuring the
coverage and effectiveness of the intervention for a specified
follow-up time window (eg, 6 months) using the depression
registry data. Thus, identifying a proper index date for a
longitudinal study with a focus on health care outcomes would
be part of our future study.

Identifying Patient Cohorts for a Cross-Sectional Study
in the Depression Registry
To identify patient cohorts for a cross-sectional study, the focus
was on measuring the effectiveness of CCM interventions in
treating eligible registry patients with moderate to severe
symptoms of depression. The depression database contains a
PHQ-9 table containing all the questionnaires completed by
those primary care patients who were treated at Mayo Clinic
since 2008 and who completed at least one PHQ-9 in the course
of their care. Patients were selected for the study if they were
diagnosed with depression and met the inclusion/exclusion
criteria (Figure 1) and completed at least two PHQ-9
questionnaires. Patients not meeting these criteria were excluded
from the study.

For 6-month follow-up, there were 3 possible ways of specifying
an appropriate index date for defining outcomes. In the first
option, the index date would be the same for the entire cohort
(intervention and comparison groups) and would be the first
date on which a patient met the eligibility criteria. The advantage
of this method was that all patients had a similar window of
comparison. The disadvantage was that the time between the
eligibility and enrollment dates may vary, such that the treatment

effect was diluted with patients in the intervention group by
being enrolled late in the observation window. The second
option was to use an index date that was linked with enrollment
into the CCM program. For the treatment group, this would be
an intent-to-treat group where all enrolled patients were included
regardless of completing or dropping out or reaching remission
in treatment. For the comparison (usual care) group, however,
the choice of an index date would be challenging. An eligibility
date could be chosen, but if there were several, which one to
choose? An additional concern is how to account for variation
in the time between eligibility and enrollment in the treatment
group as compared to the nontreatment group where (by
definition) there was no enrollment. In the treatment arm, there
is a possibility that patients began receiving some sort of
treatment outside of the CCM program between their eligibility
date and enrollment, which might bias results in favor of the
treatment arm. The third option would be to look at the average
time between eligibility and enrollment in the treatment cohort
and add that time to each of the comparison cohort’s eligibility
date to create an equivalent 6-month window.

Choosing any of the index dates would result in generating
different patient cohorts. In the special case where the index
date was the date where the patient first became eligible, we
identified 4 patient cohorts in the depression registry presented
in Figure 4. Figure 4 parts A-D illustrates the patient cohorts
with not approached status, opt-out status, completed enrollment
status, and incomplete enrollment status at the 6-month window.
Using these 4 cohorts, we aimed to test the following hypotheses
in our next study:

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18366 | p.66http://www.researchprotocols.org/2020/10/e18366/
(page number not for citation purposes)

Zolnoori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 4. The identified patient cohorts for a cross-sectional study. CCI: care coordination intervention; E: eligible; ~E: not eligible; NA: not approached.

1. Effectiveness will be higher in patients with enrolled status
(vs others) as measured by the percentage of patients
reaching remission in 6 or 12 months and/or time to
remission. Those patients who choose to enroll in care
coordination are different (by age, etc) than those who either
are not approached or opt out, suggesting a need for changes
in the program or in recruitment efforts to better impact the
population of depressed patients. There is a significant
difference between demographic information (age,
employment, education, and marital status) and
comorbidities in patients with enrolled status compared
with patients without enrolled status (not approached and
opt-out status).

2. There is a significant difference between the frequency of
emergency department visits and hospitalizations in patients

with enrolled status compared with patients with not
approached and opt-out status in the outcome window of
12 months after the index date (the 6 months after the index
date).

Results

Summary of the Components of the Analytical
Framework
The primary result of this project was the development of a
clean data set with descriptors of the data and patient cohorts
for a research project. Table 3 summarizes the main steps in
taking a clinically created patient-centered registries and getting
the data ready for research.
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Table 3. A summary of the analytical framework suggested in this study.

Other optionsLimitationsAdvantagesSolutionProblem

Not suitable for registries
that are lack of the com-
ponent of patient-cen-
tered care for chronic
disease

Create a data flow diagramPatient care programs evolve
based on clinical and reimburse-
ment changes without regard to
research leading to confusion
about the flow of data for re-
search

•• Unified Modeling
Language [25]

Provides insight into the
underlying structure of
data • Conceptual Model-

ing [26]• Identifies the main patient
cohorts available in the
registry

Achilles Heel Data Qual-
ity Tool [27]

Provides specific operational
approaches to determine the
quality of data in a patient-cen-
tered registry

Use the Kahn et al [23]
framework to evaluate the
quality of accumulated data
in the registry against 5 di-
mensions: accuracy, com-
pleteness, consistency, valid-
ity, and uniqueness

Data collected in clinical set-
tings is prone to many data
quality issues

• Not appropriate for
multisite registries

• Not appropriate for
cleaning unstruc-
tured data set (eg,
text cleaning)

Use unsupervised ma-
chine learning algorithms
(eg, deep learning) for
creating initial patient
cohorts for human review
[28]

Needs a deep understand-
ing of patients’ flow in
the registry and standard
definitions that are ad-
hered to in clinical prac-
tice as patients enter and
leave treatment.

Use visualization techniques
to visualize all possible in-
stances (having no, single,
or multiple enrollment sta-
tus) in the registry

Patients may flow in and out of
clinical care based on clinical
needs leading to confusion
when creating cohorts

• Helps the research team
define key points of time
in a patient’s flow (eg, eli-
gibility date and start date)
that account for the major-
ity of patients

• Helps create rule-based
algorithms to create com-
parable patient cohorts for
a study

A Descriptive Summary of Patients’ Demographic
Information and PHQ-9 Data Available in the
Depression Registry
The total number of patients registered in the depression registry
was 18,716 patients as of 2008. Consent is sought and obtained
annually by the clinical practice as a part of regular care and
documented in the EHR for retrospective patient research at the
Mayo Clinic. In this project, 7.01% (1312/18,716) of the registry
patients (n=1310) did not consent to share their data for research
purposes and were excluded from the study. Out of 17,406
patients with informed consent, about 1830 (10.51%) did not
meet the inclusion criteria (a history of bipolar disorder, age 18
years or greater, or a PHQ-9<10) and were excluded from the
study. Overall, out of 15,576 eligible patients, we identified
6900 (44.2%) instances with enrolled status, 5181(33.2%) with
opt-out status, and 3495 (22.4%) with nonapproached status.
Table 4 summarizes the key baseline characteristics of these
subgroups. The mean age of the enrolled, opt out, and
nonapproached subgroups was 41.3 (SD 16.2), 40.2 (SD 16.5),

and 41.6 (SD 17.5), respectively. The proportion of females in
all 3 subgroups was significantly higher than that of males,
which is in line with the findings of the Centers for Disease
Control and Prevention, indicating that two times as many
women use antidepressants as men [29]. Whites comprised a
large fraction (>90%) of patients in the 3 groups. Similarly, the
majority of the patients in all 3 groups were married (enrolled:
3377/6900,48.94%; opt out: 44.85%, 2324/5181; and not
approached: 1461/3495, 41.80%), followed by single patients
(enrolled: 2102/6900,30.46%; opt out: 1841/5181,35.53%; and
not approached: 1354/3495, 38.74%). Table 3 also includes the
depression score as measured by the PHQ-9 questionnaire for
the 3 subgroups. The majority of patients in all 3 groups had
moderate depression (PHQ-9 between 10 and 19) at both the
eligibility date and start date of the CCM intervention. Patients
with severe depression (PHQ-9≥20) were more likely to be
enrolled in the CCM intervention. In future studies, we will
evaluate the association of demographic information and the
PHQ score with patients’ willingness to accept or refuse to
participate in the CCM intervention.
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Table 4. Statistics on major patient subgroups in the depression registry.

Not approachedOpt outEnrolledVariables

3495 (22.40)5181 (33.30)6900 (44.30)Total number of instances, n (%)

41.59 (17.54)40.17 (16.46)41.27 (16.18)Age (years), mean (SD)

Sex, n (%)

2402 (68.70)3758 (72.50)4936 (71.50)Female

1 (0.02)6 (0.10)10 (0.14)Missing

Race, n (%)

3197 (91.47)4675 (90.23)6347 (91.98)White

91 (2.60)152 (2.93)157 (2.27)Black or African American

32 (0.91)92 (1.77)116 (1.68)Asian

28 (0.80)26 (0.50)28 (0.40)Native American

109 (3.12)184 (3.55)188 (2.72)Others

37 (1.10)45 (0.87)55 (0.79)Unknown

1 (0.02)7 (0.13)9 (0.13)Missing

Marital status, n (%)

1461 (41.8)2324 (44.85)3377 (48.94)Married

1354 (38.74)1841 (35.53)2102 (30.46)Single

487 (13.93)802 (15.48)1084 (15.71)Divorced

177 (5.06)203(3.92)320 (4.63)Widowed

15 (0.40)4 (0.07)7 (0.10)Unknown

1 (0.2)7 (0.13)10 (0.14)Missing

PHQ-9a at start-date, n (%)

No start date is available153 (2.95)69 (1.00)≤5b

No start date is available134 (2.58)260 (3.78)>5, <10b

No start date is available2401 (46.34)2956 (42.84)≥10, <15

No start date is available1593 (30.74)2309 (33.46)≥15, <20

No start date is available824 (15.90)1228 (17.79)≥20 (severe depression)

No start date is available76 (1.46)78 (1.13)Missing

PHQ-9 at eligibility date, n (%)

0017 (0.25)≤5b

0049 (0.71)>5, <10b

1976 (56.54)2537 (48.97)3055 (44.27)≥10, <15

1011 (28.93)1751 (33.80)2491 (36.10)≥15, <20

508 (14.53)893 (12.23)1288 (18.67)≥20 (severe depression)

aPHQ-9: Patient Health Questionnaire.
bThe enrolled patients with PHQ-9<10 at the point of enrollment were included in the data set of the study due to the health care providers’ discretion.
The patients met other eligibility criteria and were diagnosed with depression. The clinical reasons for inclusion of these subthreshold patients were
varied and included a previous pattern of relapse or a concern that the patient was minimizing their symptoms.

Discussion

Principal Findings
A well-designed and implemented registry that ensures
comprehensive, consistent, accurate, and complete data about

patients is critical for accurate assessment of disease burden,
evaluation of disease management and health care services, and
conducting comparative effectiveness and outcomes research.
The success of retrospective research studies utilizing data from
patient registries depends on the underlying structure of the
registry, the implemented data preparation steps, and the
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research question(s). This study focused on the data preparation
steps (DFD and data quality) to support statistical or machine
learning data analysis applications and selection of patient
cohorts to address specific research questions in mental health.
The feasibility and usefulness of the proposed framework was
demonstrated using the depression patient-centered registries
at the Mayo Clinic, which was designed for the CCM [30] to
manage primary care patients diagnosed with moderate to severe
depression. By following the data cleaning and refining
procedure discussed in this framework, we produced
high-quality data for potential research questions that can be
answered using the data in the depression registry. We also
generated cohorts of patients available for testing hypotheses
related to the effectiveness of the CCM for primary care patients
with depression.

In patient registries developed to follow patients with chronic
diseases over multiple years, identifying appropriate patient
cohorts for cross-sectional or longitudinal studies can be very
challenging. In the case of the CCM, a patient can have multiple
points of enrollment for the intervention due to the fluctuating
nature of chronic conditions. A potential solution, as discussed
in this study, is to first identify major patient subgroups (eg,
enrolled, opt out, not approached) in the registry and set the
index date as the first date of eligibility for all subgroups and
limit the outcome window to a relatively short period (eg, 6
months) after the index date. Although this solution can help
select the right patients (intervention and control) for a
cross-sectional study, it may not be appropriate for longitudinal
studies because some patients may have multiple eligibility and
enrollment statuses. One possible solution would be to use
multiple outcome windows (eg, every 6 months after the index
date). In this case, information collected in a previous outcome
window can be included as patient history to assess the
effectiveness of the intervention in the next outcome window.

An additional area of consideration for practices embarking on
adopting or creating a patient-centered registry in their setting
would be to reduce the potential challenges we identified
upstream of the point at which research is done. Data collected
in clinical practice as compared with data collected in research
settings are complicated by who does the data entry and changes
in staff. Tools such as the EHR and patient workflows evolve
and can lead to a lack of oversight. Data may be gathered to
report quality outcomes or to support billing, but it is often rare
to see practices that ensure data quality for quality improvement
and retrospective research. Practices might consider creating a
DFD during patient-centered registries design, along with
standard definitions of critical elements (eg, eligibility vs start
date and graduation vs recovery). Monitoring data integrity and
assigning oversight of the registry, highlighting the importance
of data maintenance, would vastly reduce the time involved in
preparing clinical data for research and allow for more rapid
feedback to the practice about which programs are or are not
effective.

Lessons Learned
A summary of lessons learned during the process of developing
this systematic framework and testing its feasibility using data
in the depression registry was as follows:

1. Data cleaning and refining of accumulated data in a
patient-centered registry is a time-consuming process and
unexpectedly challenging. Researchers need to plan to
dedicate sufficient time and resources to understand the
underlying structure of the data and develop effective
procedures to identify and manage data quality issues in
the registry.

2. Visualizing multiple statuses of an individual patient over
a period of time would highlight the challenges of defining
appropriate observation and outcome windows for this
group of patients. Therefore, it would help the research
team to adopt a proper strategy for defining appropriate
patient cohorts and consequently reduce the risk of
measurement bias in the study.

3. Involving stakeholders of the patient registry (eg, care
coordinators and primary care providers) in the process of
addressing data quality issues, specifically missing data,
would substantially assist the research team in adopting
appropriate strategies for handling the issues and
consequently would provide high-quality data for
subsequent research projects.

Limitations
We acknowledge some limitations of our proposed framework:

1. The first component of data analysis is mostly suitable for
designing a DFD in registries with a focus on
patient-centered interventions for managing chronic
diseases. Therefore, the DFD might not be appropriate for
other types of health care registries with a different focus
or patient group.

2. Data quality has many different dimensions. In this study,
we discussed 5 dimensions of data quality: accuracy,
completeness, consistency, timeliness, validity, and
uniqueness. Information about other dimensions such as
timeliness or accessibility can be found in the study by
Kodra et al [16].

3. The second component of the registry is mostly developed
with a focus on cleaning and refining structured data. If
unstructured data (eg, clinical notes or images) are also part
of the analyses, then the research team needs to implement
the applicable methods for the unstructured data.

4. Registries vary in their strengths with regard to being linked
to pharmacy data, administrative data, and care in multiple
sites. Some of these methods would vary as data from other
sources are included.

Conclusions
There is a need for a conceptual and methodological framework
for generating and evaluating data-driven hypotheses using data
in patient-centered registries created for clinical reasons to
enhance care and outcomes for patients. The systematic
framework introduced in this study provides a clear step-by-step
process for identifying and managing data quality issues in the
registries and identifying appropriate patient cohorts for a
specific research question. Overall, it is unrealistic to aim for
data in a registry that is completely free of errors. Some errors
will remain undetected and uncorrected regardless of the
completeness of the data quality assessment framework.
Utilization of a data analytics framework can merely lead to an
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improvement in data quality. We selected the components of
data quality and identified patient cohorts in this framework to
be practically feasible and facilitate detecting and correcting
common errors in the registries. This implies that this framework
can be expected to be effective in providing high-quality data

to evaluate data-driven hypotheses using data in patient-centered
registries. In future studies, we aim to use the data in the
depression registry to estimate the risk of hospitalization and
emergency department visits, measuring the effectiveness of
the CCM on clinical outcomes and health care services cost.

 

Conflicts of Interest
None declared.

Multimedia Appendix 1
Integrated Behavioral Health registry.
[DOCX File , 14 KB - resprot_v9i10e18366_app1.docx ]

Multimedia Appendix 2
Missing data.
[DOCX File , 13 KB - resprot_v9i10e18366_app2.docx ]

References
1. What is an electronic health record (EHR)? Office of the National Coordinator for Health Information Technology. 2020.

URL: https://www.healthit.gov/faq/what-electronic-health-record-ehr [accessed 2020-09-14]
2. Rare Diseases Registry Program (RaDaR). National Center for Advancing Translational Sciences. 2020. URL: https://ncats.

nih.gov/radar [accessed 2020-05-01]
3. Franklin PD, Ayers DC, Berliner E. The essential role of patient-centered registries in an era of electronic health records.

NEJM Catal 2018;4(5).
4. Agency for Health Care Research and Quality. In: Gliklich RE, Dreyer NA, Leavy MB, editors. Registries for Evaluating

Patient Outcomes: A User’s Guide. 3rd Edition. Rockville, MD: Agency for Healthcare Research and Quality (US); 2014.
5. World Health Organization. Mental Health Information Systems: WHO Mental Health Policy and Service Guidance Package

- Module 12. Geneva, Switzerland: World Health Organization; 2005. URL: https://www.who.int/mental_health/policy/
services/essentialpackage1v12/en/

6. Bellgard MI, Napier K, Render L, Radochonski M, Lamont L, Graham C, et al. A registry framework enabling patient-centred
care. Stud Health Technol Inform 2015;214:8-14. [Medline: 26210411]

7. Mental Illness. National Institute of Mental Health. 2020. URL: https://www.nimh.nih.gov/health/statistics/mental-illness.
shtml [accessed 2020-05-01]

8. Harnois G, Gabriel P. Mental health and work: impact, issues and good practices. World Health Organization. Geneva,
Switzerland: World Health Organization; 2000. URL: https://www.who.int/mental_health/media/en/712.pdf [accessed
2020-09-29]

9. Lake J, Turner MS. Urgent need for improved mental health care and a more collaborative model of care. Perm J
2017;21:17-24 [FREE Full text] [doi: 10.7812/TPP/17-024] [Medline: 28898197]

10. Bagayogo IP, Turcios-Wiswe K, Taku K, Peccoralo L, Katz CL. Providing mental health services in the primary care
setting: the experiences and perceptions of general practitioners at a New York City clinic. Psychiatr Q 2018
Dec;89(4):897-908. [doi: 10.1007/s11126-018-9587-2] [Medline: 29968148]

11. Archer J, Bower P, Gilbody S, Lovell K, Richards D, Gask L, et al. Collaborative care for depression and anxiety problems.
Cochrane Database Syst Rev 2012 Oct 17;10:CD006525. [doi: 10.1002/14651858.CD006525.pub2] [Medline: 23076925]

12. Unützer J, Katon W, Callahan CM, Williams Jr JW, Hunkeler E, Harpole L, IMPACT Investigators. Improving
Mood-Promoting Access to Collaborative Treatment. Collaborative care management of late-life depression in the primary
care setting: a randomized controlled trial. J Am Med Assoc 2002 Dec 11;288(22):2836-2845. [doi:
10.1001/jama.288.22.2836] [Medline: 12472325]

13. Unützer J, Harbin H, Schoenbaum M, Druss B. The collaborative care model: an approach for integrating physical and
mental health care in Medicaid health homes. Health Home Information Resource Center. 2013. URL: https://www.chcs.org/
media/HH_IRC_Collaborative_Care_Model__052113_2.pdf [accessed 2020-09-29]

14. Dejesus RS, Angstman KB, Cha SS, Williams MD. Antidepressant medication use among patients with depression:
comparison between usual care and collaborative care using care managers. Clin Pract Epidemiol Ment Health 2013 May
31;9:84-87 [FREE Full text] [doi: 10.2174/1745017901309010084] [Medline: 23847688]

15. Gliklich RE, Dreyer NA, Leavy MB, editors. Analysis, interpretation, and reporting of registry data to evaluate outcomes.
In: Registries for Evaluating Patient Outcomes: A User's Guide. 3rd edition. Rockville, MD: Agency for Healthcare Research
and Quality (US); 2014.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18366 | p.71http://www.researchprotocols.org/2020/10/e18366/
(page number not for citation purposes)

Zolnoori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v9i10e18366_app1.docx&filename=24f3d47871cb3e54637f9f22d083e13f.docx
https://jmir.org/api/download?alt_name=resprot_v9i10e18366_app1.docx&filename=24f3d47871cb3e54637f9f22d083e13f.docx
https://jmir.org/api/download?alt_name=resprot_v9i10e18366_app2.docx&filename=6737d58ea549cc3de48dcfa013092cf4.docx
https://jmir.org/api/download?alt_name=resprot_v9i10e18366_app2.docx&filename=6737d58ea549cc3de48dcfa013092cf4.docx
https://www.healthit.gov/faq/what-electronic-health-record-ehr
https://ncats.nih.gov/radar
https://ncats.nih.gov/radar
https://www.who.int/mental_health/policy/services/essentialpackage1v12/en/
https://www.who.int/mental_health/policy/services/essentialpackage1v12/en/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26210411&dopt=Abstract
https://www.nimh.nih.gov/health/statistics/mental-illness.shtml
https://www.nimh.nih.gov/health/statistics/mental-illness.shtml
https://www.who.int/mental_health/media/en/712.pdf
http://europepmc.org/abstract/MED/28898197
http://dx.doi.org/10.7812/TPP/17-024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28898197&dopt=Abstract
http://dx.doi.org/10.1007/s11126-018-9587-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29968148&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD006525.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23076925&dopt=Abstract
http://dx.doi.org/10.1001/jama.288.22.2836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12472325&dopt=Abstract
https://www.chcs.org/media/HH_IRC_Collaborative_Care_Model__052113_2.pdf
https://www.chcs.org/media/HH_IRC_Collaborative_Care_Model__052113_2.pdf
http://europepmc.org/abstract/MED/23847688
http://dx.doi.org/10.2174/1745017901309010084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23847688&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Kodra Y, de la Paz MP, Coi A, Santoro M, Bianchi F, Ahmed F, et al. Data quality in rare diseases registries. Adv Exp
Med Biol 2017;1031:149-164. [doi: 10.1007/978-3-319-67144-4_8] [Medline: 29214570]

17. DeMarco T. Structure analysis and system specification. In: Broy M, Denert E, editors. Pioneers and Their Contributions
to Software Engineering. Berlin, Heidelberg: Springer; 1979:255-288.

18. Moriarty AS, Gilbody S, McMillan D, Manea L. Screening and case finding for major depressive disorder using the Patient
Health Questionnaire (PHQ-9): a meta-analysis. Gen Hosp Psychiatry 2015;37(6):567-576. [doi:
10.1016/j.genhosppsych.2015.06.012] [Medline: 26195347]

19. Williams N. The GAD-7 questionnaire. Occup Med 2014 Apr 3;64(3):224. [doi: 10.1093/occmed/kqt161]
20. Miller C, Klugman J, Berv DA, Rosenquist KJ, Ghaemi SN. Sensitivity and specificity of the Mood Disorder Questionnaire

for detecting bipolar disorder. J Affect Disord 2004 Aug;81(2):167-171. [doi: 10.1016/S0165-0327(03)00156-3] [Medline:
15306144]

21. Conigrave K, Hall WD, Saunders JB. The AUDIT questionnaire: choosing a cut-off score. Alcohol Use Disorder Identification
Test. Addiction 1995 Oct;90(10):1349-1356. [doi: 10.1046/j.1360-0443.1995.901013496.x] [Medline: 8616463]

22. Tallentire VR, Smith SE, Skinner J, Cameron HS. Exploring patterns of error in acute care using framework analysis. BMC
Med Educ 2015 Jan 16;15:3 [FREE Full text] [doi: 10.1186/s12909-015-0285-6] [Medline: 25592440]

23. Kahn MG, Raebel MA, Glanz JM, Riedlinger K, Steiner JF. A pragmatic framework for single-site and multisite data
quality assessment in electronic health record-based clinical research. Med Care 2012 Jul;50 Suppl:S21-S29 [FREE Full
text] [doi: 10.1097/MLR.0b013e318257dd67] [Medline: 22692254]

24. Mack C, Su Z, Westreich D. Managing Missing Data in Patient Registries Addendum to Registries for Evaluating Patient
Outcomes: A User’s Guide. Third Edition. Rockville, MD: Agency for Healthcare Research and Quality (US); 2018.

25. Bell D. An introduction to the Unified Modeling Language. IBM Developer. 2020. URL: https://developer.ibm.com/articles/
an-introduction-to-uml/ [accessed 2020-06-01]

26. Powell-Morse A. Conceptual models – what are they and how can you use them? Airbrake: Full-Stack Application Monitoring
Software. 2020. URL: https://airbrake.io/blog/sdlc/conceptual-model [accessed 2020-06-01]

27. Huser V, Li X, Zhang Z, Jung S, Park RW, Banda J, et al. Extending Achilles heel data quality tool with new rules informed
by multi-site data quality comparison. Stud Health Technol Inform 2019 Aug 21;264:1488-1489. [doi: 10.3233/SHTI190498]
[Medline: 31438195]

28. Segura-Bedmar I, Raez P. Cohort selection for clinical trials using deep learning models. J Am Med Inform Assoc 2019
Nov 1;26(11):1181-1188 [FREE Full text] [doi: 10.1093/jamia/ocz139] [Medline: 31532478]

29. Pratt LA, Brody DJ, Gu Q. Antidepressant use among persons aged 12 and over:United States,2011-2014. NCHS Data
Brief 2017 Aug(283):1-8 [FREE Full text] [Medline: 29155679]

30. Angstman KB, Williams MD. Patients in a depression collaborative care model of care: comparison of 6-month cost
utilization data with usual care. J Prim Care Community Health 2010 Apr 1;1(1):12-16. [doi: 10.1177/2150131909359414]
[Medline: 23804062]

Abbreviations
CCM: collaborative care model
DFD: data flow diagram
EHRs: electronic health records
IBH: Integrated Behavioral Health
MCAR: missing completely at random
PHQ-9: Patient Health Questionnaire

Edited by G Eysenbach; submitted 21.02.20; peer-reviewed by J Farzi, J Sacristán; comments to author 12.06.20; revised version
received 10.08.20; accepted 16.08.20; published 29.10.20.

Please cite as:
Zolnoori M, Williams MD, Leasure WB, Angstman KB, Ngufor C
A Systematic Framework for Analyzing Observation Data in Patient-Centered Registries: Case Study for Patients With Depression
JMIR Res Protoc 2020;9(10):e18366
URL: http://www.researchprotocols.org/2020/10/e18366/ 
doi:10.2196/18366
PMID:33118958

©Maryam Zolnoori, Mark D Williams, William B Leasure, Kurt B Angstman, Che Ngufor. Originally published in JMIR Research
Protocols (http://www.researchprotocols.org), 29.10.2020. This is an open-access article distributed under the terms of the Creative

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18366 | p.72http://www.researchprotocols.org/2020/10/e18366/
(page number not for citation purposes)

Zolnoori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1007/978-3-319-67144-4_8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29214570&dopt=Abstract
http://dx.doi.org/10.1016/j.genhosppsych.2015.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26195347&dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqt161
http://dx.doi.org/10.1016/S0165-0327(03)00156-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15306144&dopt=Abstract
http://dx.doi.org/10.1046/j.1360-0443.1995.901013496.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8616463&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-015-0285-6
http://dx.doi.org/10.1186/s12909-015-0285-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25592440&dopt=Abstract
http://europepmc.org/abstract/MED/22692254
http://europepmc.org/abstract/MED/22692254
http://dx.doi.org/10.1097/MLR.0b013e318257dd67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22692254&dopt=Abstract
https://developer.ibm.com/articles/an-introduction-to-uml/
https://developer.ibm.com/articles/an-introduction-to-uml/
https://airbrake.io/blog/sdlc/conceptual-model
http://dx.doi.org/10.3233/SHTI190498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31438195&dopt=Abstract
http://europepmc.org/abstract/MED/31532478
http://dx.doi.org/10.1093/jamia/ocz139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31532478&dopt=Abstract
http://www.cdc.gov/nchs/data/databriefs/db283.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29155679&dopt=Abstract
http://dx.doi.org/10.1177/2150131909359414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23804062&dopt=Abstract
http://www.researchprotocols.org/2020/10/e18366/
http://dx.doi.org/10.2196/18366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33118958&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright
and license information must be included.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18366 | p.73http://www.researchprotocols.org/2020/10/e18366/
(page number not for citation purposes)

Zolnoori et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Protocol

App-Delivered Self-Management Intervention Trial selfBACK for
People With Low Back Pain: Protocol for Implementation and
Process Evaluation

Charlotte Diana Nørregaard Rasmussen1*, PhD; Malene Jagd Svendsen1,2*, MSc; Karen Wood3, MSc; Barbara I

Nicholl3, PhD; Frances S Mair3, MD; Louise Fleng Sandal2, PhD; Paul Jarle Mork4, PhD; Karen Søgaard2,5, PhD;

Kerstin Bach6, PhD; Mette Jensen Stochkendahl7,8, PhD
1National Research Centre for the Working Environment, Copenhagen, Denmark
2Department of Sports Science and Clinical Biomechanics, University of Denmark, Odense M, Denmark
3Institute of Health & Wellbeing, University of Glasgow, Glasgow, United Kingdom
4Department of Public Health and Nursing, Faculty of Medicine and Health Sciences, Norwegian University of Science and Technology, Trondheim,
Norway
5Department of Clinical Research, University of Southern Denmark, Odense M, Denmark
6Department of Computer Science, Faculty of Information Technology and Electrical Engineering, Norwegian University of Science and Technology,
Trondheim, Norway
7Institute of Sports Science and Clinical Biomechanics, University of Southern Denmark, Odense M, Denmark
8Nordic Institute of Chiropractic and Clinical Biomechanics, Odense M, Denmark
*these authors contributed equally

Corresponding Author:
Charlotte Diana Nørregaard Rasmussen, PhD
National Research Centre for the Working Environment
Lersø Parkalle 105
Copenhagen,
Denmark
Phone: 45 39165466
Email: cnr@nfa.dk

Abstract

Background: Implementation and process evaluation is vital for understanding how interventions function in different settings,
including if and why interventions have different effects or do not work at all.

Objective: This paper presents the protocol for an implementation and process evaluation embedded in a multicenter randomized
controlled trial conducted in Denmark and Norway (the selfBACK project). selfBACK is a data-driven decision support system
that provides participants with weekly self-management plans for low back pain. These plans are delivered through a smartphone
app and tailored to individual participants by using case-based reasoning methodology. In the trial, we compare selfBACK in
addition to usual care with usual care alone.

Methods: The aim of this study is to conduct a convergent mixed-methods implementation and process evaluation of the
selfBACK app by following the reach, effectiveness, adoption, implementation, and maintenance framework. We will evaluate
the process of implementing selfBACK and investigate how participants use the intervention in daily life. The evaluation will
also cover the reach of the intervention, health care provider willingness to adopt it, and participant satisfaction with the intervention.
We will gather quantitative measures by questionnaires and measures of data analytics on app use and perform a qualitative
exploration of the implementation using semistructured interviews theoretically informed by normalization process theory. Data
collection will be conducted between March 2019 and October 2020.

Results: The trial opened for recruitment in February 2019. This mixed-methods implementation and evaluation study is
embedded in the randomized controlled trial and will be collecting data from March 2019 to October 2020; dissemination of trial
results is planned thereafter. The results from the process evaluation are expected 2021-2022.

Conclusions: This study will provide a detailed understanding of how self-management of low back pain can be improved and
how a digital health intervention can be used as an add-on to usual care to support patients to self-manage their low back pain.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e20308 | p.74http://www.researchprotocols.org/2020/10/e20308/
(page number not for citation purposes)

Rasmussen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:cnr@nfa.dk
http://www.w3.org/Style/XSL
http://www.renderx.com/


We will provide knowledge that can be used to explore the possibilities of extending the generic components of the selfBACK
system and key drivers that could be of use in other conditions and diseases where self-management is an essential prevention
or treatment strategy.

Trial Registration: ClinicalTrials.gov NCT03798288; https://www.clinicaltrials.gov/ct2/show/NCT03798288

International Registered Report Identifier (IRRID): DERR1-10.2196/20308

(JMIR Res Protoc 2020;9(10):e20308)   doi:10.2196/20308

KEYWORDS

randomized controlled trial; implementation; process evaluation; low back pain; digital health intervention; mHealth; decision
support system; RE-AIM

Introduction

Self-management is often recommended as an important element
of living with a chronic health condition. Self-management is
defined varyingly in the literature, but key elements are
“structured, multicomponent interventions that support
autonomy and involve education and training with the aim of
promoting adherence to self-management behaviors to achieve
improved physical, psychological, and economic outcomes”
[1]. Self-management involves work that many patients find
challenging without support [2]. With the increased integration
of digital technologies in our daily lives, digital health
interventions such as smartphone apps have been suggested as
promising platforms for supporting self-management [3,4], and
they are increasingly being used to help people manage their
chronic conditions [5]. Digital health interventions may
encourage patients to engage in preventive health activities,
promote communication between health care providers and
patients, and improve patient adherence to treatment protocols
and self-care of chronic conditions [6].

Individuals who aspire to be healthy or have more choice and
control over managing their well-being are especially likely to
engage with digital health interventions [7], whereas others
experience barriers to engagement in digital health interventions
such as poor digital literacy or negative experiences with
impersonal digital health interventions [7]. Barriers and
facilitators to digital health engagement are complex, and there
are many interrelated factors that affect patients’and the public’s
ability to engage with digital health interventions [6,7]. Digital
health interventions are more likely to achieve their full potential
if they are user friendly and tailored to individual user needs
[7]. However, we need to enhance our understanding of factors
that hinder or promote uptake and use of digital health
interventions, especially for individual conditions [6]. To gain
this knowledge, systematic evaluations of implementation
processes are vital for investigating how participants engage
with and use digital health interventions in daily life. These
evaluations consist of multiple components, which together can
help distinguish between interventions that are inherently faulty
(failure of intervention concept or theory) and those that are
poorly delivered (implementation failure) [8]. Information
regarding implementation (eg, delivery and receipt of the
intervention) is an important aspect in a process evaluation [9]
and can provide valuable insights regarding likely future
implementation ability of the digital health intervention in
real-world settings.

Low back pain is a very common condition and the most
significant contributor to years lived with disability and
disability-adjusted life years globally [10,11]. In addition to the
individual health consequences, low back pain poses an
enormous economic burden on the European economy [10,11],
which is only expected to increase as the European population
ages. In most people a specific cause of low back pain will not
be identified; thus, most low back pain is termed nonspecific,
and for many, the condition becomes recurrent or long-lasting
[12]. Evidence-based guidelines for treatment of nonspecific
low back pain consistently endorse self-management as a central
part of low back pain care [13-16]. Self-management in chronic
conditions may be supported by digital health interventions, but
in relation to low back pain the current evidence is weak [17].
Published studies have been heterogeneous with poor
descriptions of interventions and limited theoretical
underpinnings suggesting the need for further research in this
sphere [17,18]. In the burgeoning field of digital health
interventions, it therefore seems relevant to develop high-quality
digital self-management interventions for people with low back
pain [17-19] and evaluate the process of implementing the
interventions to gain insights into why digital self-management
interventions work or do not work, and how they can be
optimized to increase likelihood of success [7,20].

The selfBACK study aims to create and implement a smartphone
app with high-quality, evidence-based content that provides
self-management support to people with low back pain [21,22].
This paper describes the protocol for an implementation and
process evaluation study embedded in a multicenter, randomized
controlled trial (RCT) of the selfBACK app compared with
usual care. The focus of this paper is the planned evaluation of
the implementation processes. A detailed protocol concerning
the design of the RCT and a feasibility study have been reported
elsewhere [23,24]. Results of the pilot study will be reported
separately.

Methods

Aims of This Study
We will conduct a convergent mixed-methods implementation
and process evaluation of the selfBACK app by following the
reach, effectiveness, adoption, implementation, and maintenance
(RE-AIM) framework [25].

The specific aims of the study according to the RE-AIM
framework are as follows:
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• Describe the proportion and characteristics of participants
and nonparticipants in selfBACK and the recruitment
pathways

• Evaluate self-perceived effect and user acceptability and
satisfaction using quantitative measures combined with
interview-based explorations of both participant and health
care provider appraisals of selfBACK

• Describe health care provider recruitment strategies of
potential participants and identify factors affecting uptake
of health care provider adoption of selfBACK

• Explore the implementation of selfBACK and how
participants embed and integrate use of the app in daily
routines, and compare participants with different levels of
engagement and use

• Explore participants’ intended future use and sustained
engagement with the selfBACK app

selfBACK Overview
The selfBACK project is a 5-year project (2016-2020) funded
by the European Union Horizon 2020 Research and Innovation
Programme. In brief, the selfBACK intervention is a data-driven
decision support system that provides participants with tailored,
weekly updated self-management plans delivered through a
smartphone app. The app content builds on clinical guidelines
for treatment of low back pain and has three main components:
(1) physical activity advice and step counting using input from
an activity-detecting wristband, (2) education based on a
cognitive behavioral approach, and (3) instructions on physical
strength and flexibility exercises. The content of the app used
is described in detail in the protocol paper [21-23]. Tailoring
of the self-management plans is achieved by using the
case-based reasoning methodology, which is an artificial
intelligence method. In selfBACK, the case-based reasoning
system takes data about the current case (participant) and
compares it with data from previous successful ones to find
similar cases (participants) that are used to tailor the
self-management plan for the current case (participant). The
intervention will be tested in a multicenter RCT with two
parallel arms conducted in Denmark and Norway. The trial
period is 9 months with primary outcome (pain-related
disability) assessed at 3 months. The control arm will receive
usual care (ie, follow any diagnostic or treatment-related
pathway as instructed by their health care provider). The
intervention arm will use the selfBACK app in addition to usual
care. The trial will include 350 participants allocated 1:1 to the
usual care arm and intervention arm (selfBACK as an add-on
to usual care) [21-23]. Eligible participants for the RCT are
individuals who seek care from a primary health care practice
or an outpatient hospital facility for nonspecific low back pain.

In both Norway and Denmark, participants are recruited from
general practice, physiotherapy, and chiropractic clinics.
Additionally, in Denmark participants are also recruited from
the Spine Centre in the region of Southern Denmark. The Spine
Centre is a specialized outpatient hospital facility that reviews
patients with back pain referred from primary care. The Spine
Centre provides diagnostic assessment of patients and prescribes
treatment plans according to national treatment guidelines.
Patients seen at the Spine Centre without serious pathologies
may be referred to the selfBACK study.

The recruitment period for the RCT started in March 2019. In
each country, collaborations with local clinics and health care
providers were established to facilitate recruitment. Health care
providers refer potentially eligible participants based on a short
description of eligibility. Final eligibility is assessed by the
research team during a screening phone call.

Ethical Approval and Consent to Participate
National ethics approvals have been granted for both the Danish
(Regional Scientific Ethical Committee for Southern Denmark,
S-20182000-24) and Norwegian (Regional Committee for
Medical and Health Research Ethics, 2017/923-6) sites of the
RCT, including the process evaluation. Regarding collecting,
managing, and storage of data, approval was granted from the
Danish Data Protection Agency through application to the
University of Southern Denmark’s legal office (201-57-0008)
and from the Norwegian National Data Protection Authority
and the Centre for Research Data through ethics approval. The
trial was registered with ClinicalTrials.gov [NCT03798288].

All participants are asked for informed consent, assigned after
the principles of the Helsinki Declaration II. All data will be
treated confidentially and stored in pseudoanonymized form.
The quantitative data will be stored on a server in Norway, while
the interview data will be stored in Denmark. Both servers are
secure and firewall-protected, and backups are performed daily.
In both countries, data handling and storage is consistent with
the European regulations on data protection.

Guiding Theoretical Frameworks
This implementation and process evaluation study integrates
three published frameworks to guide the design of the
intervention and formative evaluation: (1) intervention mapping
[26], used to conceive and develop the intervention; (2) the
RE-AIM framework [25,27], used to guide the overall evaluation
of the study and assess implementation success of the selfBACK
app [25,27]; and (3) normalization process theory [28], used to
guide the evaluation of barriers and facilitators that may affect
implementation, providing a more detailed understanding of
how and why the trial achieves the observed results.

Intervention Mapping
Complex innovations such as digital health behavior change
interventions can be conceived and developed using this
comprehensive framework [26]. Intervention mapping has been
described as “providing a systematic and stepwise approach to
planning interventions” [29]. Intervention mapping enables
identification of behavioral and environmental determinants
likely to influence engagement with and operationalization of
recommended self-management behaviors, thus enhancing the
potential for intervention success. The development of the
intervention using intervention mapping is described in brief
elsewhere [23].

RE-AIM Framework
Our overall evaluation is guided by the RE-AIM framework
and investigates all five elements of the framework: reach,
effectiveness, adoption, implementation, and maintenance
[25,27]. The RE-AIM framework is an evaluation framework
that aims to determine the success of an intervention
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implementation within a given context [25,30]. It has been
extensively used in RCTs to evaluate the external validity and
sustainability of effective practices [31] including digital health
interventions in diabetes [32] and mental disorders [33].

Normalization Process Theory
Normalization process theory [28] is an implementation theory
[30] that provides a framework for the collection and analysis
of data and a coherent set of explanations of implementation
processes [34]. Using this theoretical framework will enable us
to identify, characterize, and explain mechanisms that shape
the implementation process of selfBACK, which will in turn
influence outcomes [34]. Normalization process theory has
increasingly been used as a framework in prospective
evaluations of health care innovations or interventions,
particularly digital health interventions [35], as part of service
deployments or clinical trials. Normalization process theory
provides a conceptual framework that enables increased
understanding of the factors that influence how new technologies
or therapies become implemented, embedded, and integrated,
or not, into routine use or everyday life [34]. It has also been
used extensively to understand self-management practices of
patients [36].

Data Collection and Analysis
This mixed-methods implementation and evaluation study is
embedded in the RCT and will be collecting data from March
2019 to October 2020. We will gather self-reported data by
questionnaires (including characteristics of the participants such
as age, sex, and working status), retrieve data analytics on app
use, and perform a theoretically informed qualitative exploration
involving semistructured interviews with participants and health
care providers.

Interview Participants
Intervention arm participants in both Denmark and Norway will
be selected for interview based on a simple measure of
adherence to the intervention: number of weekly
self-management plans generated during the first 3 months of
the intervention period. During this period and dependent on
participants’ adherence, between 1 and 14 plans may be
generated. Cut points for 3 adherence level groups will be based
on pilot data of participant app use and defined as 1 to 7 plans
(low or nonuse), 8 to 12 plans (moderate use), and 13 to 14
plans (high use). Approximately 6 to 8 participants from each
of the 3 groups in the intervention arm will be interviewed
[37]—up to 24 interviews or until data saturation is reached.

In addition, 6 to 8 participants in the usual care group will be
interviewed. Even though the intervention group allocation in
the RCT will be 1:1, the number of participants interviewed
from the usual care arm will be lower since interviews will only
pertain to general experiences of low back pain self-management
and perceived effect of participation in the trial. The majority
of the interviews will be conducted in Denmark as this is the
primary country of patient recruitment.

The number of health care providers to be interviewed will be
determined based on the number of recruitment sites needed
for the RCT. To secure maximum variation, we will interview
health care providers from all participating professions and aim
to identify health care providers with varying success in terms
of recruitment to the RCT. The estimated sample size is
approximately 10 health care providers. Interviews will be
undertaken either in person or via telephone and will be
audiotaped with participant or health care provider consent and
transcribed verbatim to provide data for the qualitative analyses.

RE-AIM Components
Textbox 1 provides a detailed description of the activities related
to each of the five elements in the RE-AIM framework.
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Textbox 1. Description of quantitative and qualitative data collection strategies.

Reach

• Quantitative:

• Participant recruitment flow: number of referred, screened, enrolled, and randomized; reason for nonparticipation or exclusion

• Participant characteristics: sociodemographic data; fear avoidance; self-efficacy; illness perception

• Recruitment strategy: description of recruitment pathways into selfBACK

• Qualitative:

• Semistructured interviews, intervention arm: experience of enrollment in selfBACK

• Semistructured interviews, usual care arm: experience of enrollment in selfBACK

Effectiveness

• Quantitative:

• User satisfaction, intervention arm: Virtual Care Climate Questionnaire plus overall rating items

• Qualitative:

• Semistructured interviews, intervention arm: motivation for participating; perception of self-management; change in self-management
behavior; effect of participating; satisfaction and appraisal of selfBACK app

• Semistructured interviews, usual care arm: motivation for participating; perception of self-management; change in self-management behavior;
effect of participating (if any)

• Semistructured interviews or focus groups, health care providers: perception and appraisal of selfBACK

Adoption

• Quantitative:

• Recruiter flow: numbers of invited and accepting health care providers; number of patients informed about the selfBACK study per health
care provider or clinic

• Characteristics of health care providers: type; number of health care providers per clinic

• Recruitment strategy: description of how clinics or health care providers were recruited to selfBACK

• Qualitative:

• Semistructured or focus groups interviews, health care providers: role in patient engagement; success of engagement; barriers and facilitators
for informing patients about the study

Implementation

• Quantitative:

• App use data, 0 to 3 months: frequency of use; number of app visits; time spent using the app; number of days with visits; number of plans
generated; goal achievement scores

• Participant characteristics: sociodemographic data; fear avoidance; self-efficacy; illness perception

• Qualitative:

• Semistructured interviews, intervention arm: attitude toward self-management of low back pain and the selfBACK app; barriers and facilitators
for engagement; experience of using selfBACK app; challenges of engaging with selfBACK app and what helped; embedment in daily
routine

Maintenance

• Quantitative:

• App use data, 4 to 9 months: frequency of use; number of app visits; time spent using the app; number of days with visits; number of plans
generated; goal achievement scores

• Qualitative:

• Semistructured interviews, intervention group: perspectives on intended sustained engagement with selfBACK app
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Reach
The first dimension of interest in the RE-AIM framework is the
reach of the intervention, which refers to the proportion of the
target population participating in the intervention [25]. This
will provide valuable information about interest in the
intervention, eligibility rates among those interested in using
the selfBACK system, and details on why some interested
respondents are deemed ineligible.

The selfBACK RCT follows the recommendations outlined in
the Consolidated Standards on Reporting Trials (CONSORT)
guidelines [38]: number of invitations for trial participation and
acceptance rates and basic sociodemographic variables for all
patients screened for eligibility. Recruitment pathways and flow
of recruitment (eg, invitations and acceptance rates) will be
examined to see how many people fail the eligibility screening
and how many proceed to the trial. During the interviews, we
will ask participants about their experience in the enrollment
process.

Effectiveness
The second dimension of the RE-AIM framework is
effectiveness, which refers to the impact, including potential
negative effects, of the intervention on important outcomes [25].
We evaluate effectiveness from the participant perspective using
measures of self-perceived effect and user acceptability and
satisfaction. This will be investigated both quantitatively,
through self-reported patient questionnaires, and qualitatively,
through questionnaire data and semistructured interviews. The
primary outcome of the RCT, pain-related disability measured
by the Roland Morris Disability Questionnaire [39,40] at 3
months, and a range of secondary outcomes [23] will be reported
separately from the implementation evaluation.

Quantitatively, we will collect data on effectiveness
approximately 4 months after baseline using a web-based
questionnaire including the 15-item version of the Virtual Care
Climate Questionnaire (VCCQ), which evaluates how
participants perceive the effectiveness of the
autonomy-supportive communication for health behavior change
offered in a virtual care setting [41].

The VCCQ has a 7-point response scale with totally disagree
and totally agree as end points. Further, 3 items on overall rating
of the selfBACK app, ease of use of the app, and
recommendation to others will be used, rated using a 5-point
rating system in the same way commercial apps often do. The
VCCQ and the rating items will be sent only to the intervention
group. To complement participant perspectives on effectiveness,
health care provider perceptions and appraisals of the selfBACK
system in terms of its value to practice will also be investigated
through interviews. Semistructured interviews with participants
from the intervention arm will be performed to investigate their
motivation for participating in the trial, perceptions of
self-management, views on acceptability and satisfaction with
the app, and appraisal of the effects, if any, of use of the
selfBACK system. Usual care arm interviews will likewise
elucidate participant motivation for participating in the trial,
their perception of self-management, and any effect participation
has induced.

Adoption
Adoption—the third dimension of the RE-AIM
framework—refers the willingness of health care providers to
inform patients about the selfBACK intervention along with
perceived barriers and facilitators to participation and
recruitment [25]. Adoption will be assessed by investigating
which potential clinical sites adopt the intervention (ie, agree
to participate in the trial and inform patients about the study).
Semistructured interviews with purposefully sampled health
care providers will be undertaken to explore how the health care
providers engaged patients (eg, what informal criteria they used
for selecting which participants to inform about the study and
what barriers and facilitators for engaging patients they
experienced). Further, strategies employed by the researchers
to recruit health care providers to the selfBACK trial and sustain
health care provider engagement of patients into the trial will
be described narratively.

Implementation
Implementation is the fourth dimension of the RE-AIM
framework and describes to what extent the intervention is
implemented as intended [25]. This is usually described as
examining how effectively and consistently an intervention is
delivered in a specific context (eg, primary or secondary care)
by staff. As the selfBACK intervention is not being delivered
by staff but instead through a self-management app, we will
focus on how the selfBACK app becomes embedded and
integrated into the daily routines of participants with low back
pain.

When assessing implementation, we will focus on the first 4
months of the intervention. Semistructured interviews with
participants in the intervention group will be undertaken with
participants with different levels of use of the app (ie, high,
moderate, low, and nonuse). The interviews will focus on how
and why the participants embed and integrate the selfBACK
app in daily life or do not (eg, their attitude toward
self-management of low back pain, barriers and facilitators for
engagement, and experience with using the selfBACK app).
Interviews will be conducted approximately 4 months after
inclusion (ie, after participants have completed the follow-up
questionnaires that feature the primary outcome and VCCQ).
The interviewer will be blinded to the outcome measures.

Implementation will also be assessed quantitatively by
investigating app use analytics data (eg, frequency of use and
goal achievement scores) throughout the first 3 months after
inclusion. Information on individual participant app use will be
drawn from the backend system serving selfBACK. The app
use data will also be used to compare the groups of participants
with different adherence levels on characteristics such as
sociodemographic data, fear avoidance, self-efficacy, and illness
perception.

Maintenance
Maintenance is the fifth dimension of the RE-AIM framework
and refers to the extent to which engagement with the
intervention is sustained at the individual and system level over
time [25]. Due to the nature of the selfBACK intervention, our
focus will be on the concept of maintenance at the individual
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level: use of the app beyond 3 months and up to 9 months (full
trial period). We will examine this with app analytics for the
trial period 4 to 9 months after baseline and explore participants’
intended future use beyond the 3 months through semistructured
interviews with intervention arm participants.

Normalization Process Theory Components
In Figure 1, we have outlined the four main constructs of
normalization process theory that will guide the collection and
analysis of interview data in the selfBACK RCT.

Figure 1. Four constructs of normalization process theory and associated questions from the process evaluation.

Coherence refers to the sense-making work individuals
undertake that influences whether they are willing to embed a
new practice in their lives and will influence initial adoption of
the intervention by health care providers and participants using
the app. Specifically, we will explore whether participants
understand the purpose of the selfBACK app and if they like
the idea.

Cognitive participation is the work individuals undertake to
engage with the new practice and will influence implementation.
Participants will be prompted to consider their level of buy-in
of the selfBACK app concept and potential for sustained
engagement.

Collective action refers to the work individuals do to enact a
new practice, which will be related to implementation and
maintenance. We will elucidate participant confidence in using
the app and integrating use in their daily lives. Further, any
contextual issues that help or hinder the participant will be
highlighted.

Reflexive monitoring is the appraisal work individuals undertake
to determine whether the new practice is worth sustaining or
how it must be reconfigured to fit their needs and will relate
particularly to maintaining their use of the intervention.
Participants will be asked about the perceived benefits, if any,
of using the app, its value to them, and the need for any
modifications.

Analysis

Quantitative Data Analysis
Simple descriptive statistics will be used to do comparisons and
test for differences on questionnaire and app use data. Statistical
analyses will be performed in the most recent version of SPSS
Statistics (IBM Corporation).

Qualitative Data Analysis
Qualitative data will be analyzed using a framework approach
underpinned by normalization process theory. In terms of usual
care participants, normalization process theory will serve to
help understand experiences of low back pain and facilitators
and barriers to low back pain self-management in general. The
analyses will follow the five stages of framework analysis
described by Ritchie [42]: familiarization, identifying a thematic
framework, indexing, charting, and mapping and interpretation.
The distribution of codes will be recorded and, importantly, any
data that fall outside of the coding frame will be identified and
examined to determine if important concepts or ideas are being
missed by using the chosen theoretical framework. Transcripts
will be analyzed and coded in their original language. To ensure
consensus on themes and coding, coding meetings will be
arranged to discuss coding among key researchers. At the
meetings, the coding framework and a proportion of the data
will be double coded to ensure data analysis is robust and coders
are open to identifying themes that fall outside the normalization
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process theory framework. In this way, coding will be iterative
and responsive to the data and inappropriate shoe-horning of
the qualitative data collected will be avoided.

Results

Recruitment to the trial started in early 2019 and ran until the
end of 2019. Data collection started in March 2019 and is
expected to be complete by October 2020; dissemination of trial
results is planned thereafter. The results from the process
evaluation are expected in 2021-2022.

Discussion

This mixed-methods implementation and process evaluation
embedded in an RCT will assess the factors that influence uptake
and use of a digital health intervention for self-management of
low back pain as an addition to usual care. In addition to
identification of factors that influence the effect of the selfBACK
intervention, we will explore participant acceptance and patterns
of use of the selfBACK app in the intervention arm and attempt
to understand current self-management strategies for those in
the usual care arm. In preparation for this study, we aimed to
ensure high usability of selfBACK by involving people with
low back pain and health care providers during the development
phase of the project. In our evaluation, we will extend on the
development process and assess health care provider experiences
with the selfBACK system and their views on future

implementability. Further, we have undertaken an intervention
mapping process, developed logic models of change (described
elsewhere) [43] and described the theoretical underpinnings for
the selfBACK system. However, our process evaluation will
enable an in-depth examination of factors identified as key by
the normalization process theory, particularly factors that
influence uptake of a digital health intervention directed at
self-management and factors related to the integration of the
selfBACK intervention into daily life.

This study will provide a detailed understanding of how
self-management of low back pain can be improved and how a
digital health intervention can be used as an add-on to usual
care to support patients to self-manage their low back pain. We
will provide knowledge that can be used to explore the
possibilities of extending the generic components of the
selfBACK system and key drivers that could be of use to other
conditions and diseases where self-management is an essential
prevention or treatment strategy such as diabetes, osteoarthritis,
rheumatoid arthritis, cardiovascular disease, or chronic
obstructive pulmonary disorders. It will also provide valuable
insights into health care provider views and likely improve
future implementability of the selfBACK system at scale to
support self-management of low back pain. Last, this thorough
implementation and process evaluation integrated in the RCT
will enhance the credibility of the findings from our trial and
provide important input for improving the selfBACK system
in order to enhance its future impact.
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Background: The COVID-19 pandemic is expected to cause significant morbidity and mortality. The development of an
effective vaccine will take several months to become available, and its affordability is unpredictable. Transfusion of convalescent
plasma (CP) may provide passive immunity. Based on initial data from China, a group of hematologists, infectious disease
specialists, and intensivists drafted this protocol in March 2020.

Objective: The aim of this study is to test the feasibility, safety, and efficacy of CP in treating patients with COVID-19 across
Saudi Arabia.

Methods: Eligible patients with COVID-19 will be recruited for CP infusion according to the inclusion criteria. As COVID-19
has proven to be a moving target as far as its management is concerned, we will use current definitions according to the Ministry
of Health (MOH) guidelines for diagnosis, treatment, and recovery. All CP recipients will receive supportive management
including all available recommended therapies according to the available MOH guidelines. Eligible CP donors will be patients
with COVID-19 who have fully recovered from their disease according to MOH recovery criteria as detailed in the inclusion
criteria. CP donors have to qualify as blood donors according to MOH regulations except for the history of COVID-19 in the
recent past. We will also test the CP donors for the presence of SARS-CoV-2 antibodies by a rapid test, and aliquots will be
archived for future antibody titration. Due to the perceived benefit of CP, randomization was not considered. However, we will
compare the outcome of the cohort treated with CP with those who did not receive CP due to a lack of consent or lack of availability.
In this national collaborative study, there is a likelihood of not finding exactly matched control group patients. Hence, we plan
to perform a propensity score matching of the CP recipients with the comparator group patients for the major characteristics. We
plan to collect demographic, clinical, and laboratory characteristics of both groups and compare the outcomes. A total sample
size of 575 patients, 115 CP recipients and 460 matched controls (1:4 ratio), will be sufficient to detect a clinically important
hospital stay and 30-day mortality difference between the two groups with 80% power and a 5% level of significance.

Results: At present, patient recruitment is still ongoing, and the interim analysis of the first 40 patients will be shared soon.

Conclusions: In this paper, we present a protocol for a national collaborative multicenter phase II study in Saudi Arabia for
assessing the feasibility, safety, and potential efficacy of CP in treating patients with severe COVID-19. We plan to publish an
interim report of the first 40 CP recipients and their matched comparators soon.

Trial Registration: ClinicalTrials.gov NCT04347681; https://clinicaltrials.gov/ct2/show/NCT04347681

International Registered Report Identifier (IRRID): PRR1-10.2196/23543

(JMIR Res Protoc 2020;9(10):e23543)   doi:10.2196/23543

KEYWORDS

coronaviruses; SARS-CoV-2; COVID-19; antibodies; convalescent plasma; treatment; immunology; feasibility; safety; efficacy;
infectious disease

Introduction

Background
The COVID-19 pandemic, caused by SARS-CoV-2, is a major
health and economic concern worldwide due to its morbidity
and mortality. Coronaviruses are a large family of RNA viruses
that cause illnesses ranging from the common cold to more
severe diseases such as Middle East respiratory
syndrome–related coronavirus (MERS-CoV) and severe acute
respiratory syndrome–related coronavirus (SARS-CoV) [1].
The new strain of coronavirus identified in December 2019 in
Wuhan City, Hubei Province of China was called the 2019 novel
coronavirus. The International Committee on Taxonomy of
Viruses determined that SARS-CoV-2 is the same species as
SARS-CoV. The World Health Organization (WHO) has named
the disease associated with SARS-CoV-2 infections COVID-19.

Clinical features of SARS-CoV-2 infection typically include
fever and respiratory symptoms like cough and shortness of
breath; in severe cases, the infection can cause pneumonia,
severe acute respiratory distress syndrome (ARDS), kidney
failure, and even death. SARS-CoV-2 has a higher transmission
rate with an approximate fatality rate of 3% [2]. The final
diagnosis of SARS-CoV-2 infection depends on laboratory

detection of the SARS-CoV-2 viral RNA by real-time reverse
transcription–polymerase chain reaction (rRT-PCR) [1-4].

The concept of using convalescent plasma (CP) is not new since
it has been tried in limited numbers of patients during recent
viral crises, including the 2003 severe acute respiratory
syndrome epidemic, the 2009 “swine flu” epidemic, and the
2012 outbreak of Middle East respiratory syndrome [5]. CP
treatment reduced mortality in patients with severe pandemic
influenza A 2009 virus infection [6]. Patients with a resolved
viral infection typically develop a polyclonal antibody immune
response to different viral antigens. Some of these polyclonal
antibodies will likely neutralize the virus and prevent new
rounds of infection. Patients who recovered from COVID-19
can donate plasma, and then, this plasma can be transfused into
patients who are actively infected [7]. Indeed, the same rationale
was used in the treatment of several patients with Ebola with
convalescent serum during the outbreak in 2014-2015 [8].

Therefore, CP therapy is expected to improve the clinical,
laboratory, and radiological features of the patients severely
affected by COVID-19. Decreasing the morbidity and mortality
of COVID-19 in a cost-effective manner, leading to improved
quality of health care and self-sufficiency in the treatment of
serious diseases affecting the masses, is in line with the top
priorities in Vision 2030 of the Kingdom of Saudi Arabia.
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SARS-CoV-2–Specific Immunoglobulins Containing
CP
Among the most attractive intuitive options, during this
fast-kinetic pandemic, is treating the patients who are sick with
COVID-19 with SARS-CoV-2–specific immunoglobulins found
in patients who have fully recovered from COVID-19 and are
considered no longer infected. We know from prior research
that antibodies against viral antigens render people immune,
but we do not know yet how long the immunity will last.
However, Zhao et al [9] showed seroconversion in 173 patients
with COVID-19 appeared for total antibody, immunoglobulin
M (IgM), and immunoglobulin G (IgG) at 11, 12, and 14 days
[9]. The presence of antibodies was <40% in the first 7 days
and then rapidly increased to 100%, 94.3%, and 79.8% for
antibodies, IgM, and IgG, respectively, by day 15. In contrast,
viral RNA decreased from 66.7% before day 7 to 45.5% in days

15-39. Moreover, a higher titer of antibodies was independently
associated with clinically worse COVID-19 (P=.006) [9].

Antibodies Detection by a Rapid Serological Method
and Their Kinetics
In those patients who have passed the viremic phase, the
presence of antibodies is highly desirable and provides evidence
of the immunity to combat COVID-19 (Table 1). Fortunately,
the Saudi Food and Drug Authority (SFDA) has recently
approved a needed rapid test kit made by BIOZEK company
and other brands in the Saudi market that qualitatively detect
IgG and IgM antibodies against SARS-CoV-2 from whole blood,
serum, or plasma using a single-use cassette. This kit uses lateral
flow chromatographic immunoassay and can produce results
within 10 minutes. The combination use of the IgM and IgG
tests can reflect virus infection and the immune status of the
body effectively (Table 1).

Table 1. How to interpret the results of PCR and antibody results.a

Clinical SignificanceTest results

IgGdIgMcPCRb

The patient may be in the window period of infection.——f✓e

The patient may be in the early stage of infection.—✓✓

The patient is in the active phase of infection.✓✓✓

The patient may be in the late or recurrent stage of infection.✓—✓

The patient may be in the early stage of infection. PCR result may be false-negative.—✓—

The patient may have had a past infection and has recovered.✓——

The patient may be in the recovery stage of an infection, or the PCR result may be false-negative.✓✓—

aAdapted from [10,11].
bPCR: polymerase chain reaction.
cIgM: immunoglobulin M.
dIgG: immunoglobulin G.
eIndicates a positive result.
fIndicates a negative result.

Role of CP in Treating Severe COVID-19
Casadevall and Pirofski [12] suggested that convalescent sera
from individuals with COVID-19 may be an option for treating
the highest-risk patients with COVID-19 and possibly for
prophylaxis of infection in individuals at high risk of
COVID-19. This passive antibody administration concept to
prevent disease is already used in patients exposed to hepatitis
B and rabies viruses, and to prevent severe respiratory syncytial
virus disease in high-risk infants [12]. The proposed use of
convalescent sera in the COVID-19 epidemic would rely on
preparations of high titers of neutralizing antibodies against
SARS-CoV-2.

In the first pilot Chinese study reported by Duan et al [13], CP
therapy in 10 patients showed a potential therapeutic effect and
low risk in the treatment of patients with severe COVID-19.
One dose of CP with a high concentration of neutralizing
antibodies can rapidly reduce the viral load and tends to improve
clinical outcomes [13]. The optimal dose and treatment time
point, as well as the definite clinical benefits of CP therapy,

need to be further investigated in randomized clinical studies.
Out of 40 donors (recovered patients with COVID-19), 39
showed a high antibody titer of at least 1:160. After receiving
CP therapy, 9 out of 10 recipients were found to have
neutralizing antibody titers >1:640 [13]. Although small, it is
a pivotal study to prove the safety and efficacy of CP therapy.
All patients showed an increase in oxygen saturation within 3
days. Other parameters that improved were increased absolute
lymphocyte counts (ALCs) and decreased C-reactive protein
(CRP). Varying degrees of resolution of lung lesions were also
seen on radiological examinations within 7 days. In 7 patients
who previously had viremia, the viral load was undetectable
after transfusion [13].

Currently Available Therapeutic Options for
COVID-19
According to the WHO, the management of COVID-19 has
mainly focused on infection prevention, case detection,
monitoring, and supportive care, although there are reports on
the efficacy of new potential therapeutic agents (Figure 1).
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However, no specific anti–SARS-CoV-2 treatment is
recommended because of conflicting evidence. Evidence shows
that CP from patients who have recovered from viral infections
can be used as a treatment without the occurrence of severe
adverse events (SAE). Therefore, it might be worthwhile to test

the safety and efficacy of CP transfusion in patients infected
with SARS-CoV-2 [14].

Our study aims to test the feasibility, safety, and efficacy of CP
in treating patients with COVID-19 across Saudi Arabia.

Figure 1. Some therapeutic options for treating COVID-19.

Methods

This is a national, phase II, multicenter trial evaluating the safety
and potential efficacy of CP to treat severe COVID-19 and
patients at high risk of developing severe COVID-19. Detailed
bilingual informed consent forms (ICFs) approved by the
Ministry of Health (MOH) and institutional review boards
(IRBs) will be used for both CP donors and CP recipients.

Time of the Study
The proposed duration of 3 months was considered ideal for
recruiting the first 40 CP recipients for our proposed prospective
study. If interim analysis shows the benefit of CP, we will
increase the sample size and extend the trial period.

Inclusion Criteria
The inclusion criteria for recipients is as follows:

• 18 years or older
• Patients with COVID-19 confirmed by positive rRT-PCR

test for SARS-CoV-2 “using one of the SFDA approved

kits used in the Kingdom of Saudi Arabia” as per current
MOH guidelines

• Must have required intensive care unit (ICU), severe, or
immediately life-threatening care:
• Patient requiring ICU care or admission
• Severe disease is defined as dyspnea, respiratory

frequency≥30/min, blood oxygen saturation≤93%, the
partial pressure of arterial oxygen to fraction of inspired
oxygen ratio<300, or lung infiltrates>50% within 24-48
hours.

• Life-threatening disease is defined as respiratory failure,
septic shock, or multiple organ dysfunction or failure.

The inclusion criteria for the donors was as follows:

• 18 years or older
• Prior confirmed COVID-19 diagnosis as per current MOH

guidelines
• Complete clinical recovery from COVID-19 before donation

(at least 14 days from the last SARS-CoV-2 negative
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polymerase chain reaction or 28 days from the initial
symptoms) [15-18]

• All MOH criteria for blood donation will be followed.
• All transfusion transmissible infections markers on the

donor’s blood are negative as per current MOH routine
blood donor screening regulations.

• Positive rapid serology test for antibodies (IgG) against
SARS-CoV-2 indicating immunity against COVID 19

Exclusion Criteria
The exclusion criteria for recipients was a negative or
nonconclusive COVID-19 rRT-PCR test for SARS-CoV-2, mild
symptoms, and hospitalization not requiring ICU care or
admission. The exclusion criteria for donors was being unfit
for blood donation or a multiparous or pregnant female.

Collection of CP Infusion for Treatment of COVID-19
As antibody kinetics show IgG levels are highest around day
28 and decline around day 42 to complete disappearance in
many months, we will try to get plasma donation from fully
recovered patients soon after day 28 of the onset of symptoms
(that usually last for 7-10 days). For the recovery definition, we
will continue to follow the MOH’s current precautionary
protocol to prevent the spread of the virus causing COVID-19
that requires blood donor abstinence from donation for 28 days
from exposure [17,18].

Plasmapheresis to collect plasma from the donors (using Trima,
Hemonetics, or alike machines) is a commonly used procedure.
Donors are required to be in an acceptable health state and pass
through a multistep screening (donor history questionnaire, vital
signs check, laboratory tests, etc) before CP donation. The
arrangement for plasmapheresis and collection will start after

obtaining the donor’s informed consent. The collected plasma
will undergo an additional safety step of pathogen reduction
using Mirasol or Intercept Pathogen Reduction Technology,
which is SFDA and CE (Conformité Européenne) approved
(Figure 2). The Mirasol system uses vitamin B2 (riboflavin)
and ultraviolet light. Mirasol-treated fresh frozen plasma (FFP)
maintains a good quality of therapeutic proteins as demonstrated
in multiple external validation studies [19-21]. After passing
through the pathogen reduction system, the CP will be sent to
the COVID-19 recipients, or it can be stored in a dedicated FFP
freezer at ≤–18 °C. The shelf life of frozen CP should be similar
to normal FFP according to the storage conditions (1 year at
≤–18 °C or 24 hours at 1-6 °C). The CP units will be labeled,
stored, and shipped as per Central Board for Accreditation of
Healthcare Institutes (CBAHI), American Association of Blood
Banks (AABB), and Joint Commission International guidelines
for blood products handling and management.

CP will be used only for eligible patients who have COVID-19.
The common side effects of FFP transfusion include side effects
of blood product transfusion (eg, allergic or febrile reactions,
transfusion-related acute lung injury [TRALI], and
transfusion-associated circulatory overload [TACO]) while the
infectious risk is minimal. Plasma volume to be collected from
each donor can be up to 15% of the total blood volume (TBV;
TBV = weight in kg x 70 ml). For example, from a CP donor
who weighs 65 kg, we can collect up to ~682 ml plasma (15 /
100 x 65 x 70). CP donors can donate more than once as per
the regulations of the CBAHI and AABB, which allows healthy
donors to donate plasma twice in a month up to a maximum of
24 donations in a year. Special International Society of Blood
Transfusion labels will be affixed on the plasma bags indicating
COVID-19 CP (Figure 2).

Figure 2. Logistic cycle of convalescent plasma procurement from donor, processing, and infusion to patient with COVID-19. IgG: immunoglobulin
G; IgM: immunoglobulin M.
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ICF
The ICF will be used for both the CP donor and the recipient
(Approved Donor ICF [Arabic and English] and Approved
Recipient ICF [Arabic and English]).

Transfusion of CP for Treatment of COVID-19
After obtaining informed consent, eligible patients who have
severe COVID-19 and have not recovered yet will be infused
with the donated CP 300 ml (200-400 ml/treatment dose) at
least once and, if needed, daily for up to 5 sessions (Figure 3).

Other supportive and therapeutic measures should continue
according to the locally approved protocols with due diligence.
Patients will be monitored after FFP transfusion for the usual
side effects of blood product transfusion (eg, allergic or febrile
reactions, TRALI, and circulatory overload). We will then assess
the response after the infusion of the plasma in these patients
as detailed in the Response Assessment section.

As with other plasma therapies, attention should be given to
ABO compatibility. For plasma selection, we will consider ABO
compatibility (Table 2) regardless of Rh status. To minimize
the risk of TRALI, preference will be given to plasma from
male donors and nulliparous women.

Figure 3. Schematic for the proposed process of CP donation and infusion. CP: convalescent plasma; PCR: polymerase chain reaction.
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Table 2. ABO group selection order for transfusion of plasma.a

Fresh frozen plasmaPatient’s ABO group

O

OFirst choice

A or BSecond choice

ABThird choice

A

AFirst choice

ABSecond choice

BbThird choice

B

BFirst choice

ABSecond choice

AbThird choice

AB

ABFirst choice

AbSecond choice

BbThird choice

aAdapated from [22].
bTested and negative for high titer anti-A and/or anti-B (should be less than 1:64).

Data Collection
Clinical information of all enrolled patients will be retrieved
from the hospital electronic or paper records system, including
the following:

• Baseline demographic data
• Days of illness duration
• Presenting symptoms
• Radiological findings (chest x-ray and computed

tomography [CT] scan chest, if possible) on the day of
hospital admission; on the day of ICU admission; on the
day of CP infusion (day 0); and on days 3, 7, 14, and 30

• Laboratory infectious marker testing results like respiratory,
urinary, or blood culture

• Laboratory inflammatory markers: CRP (day of CP infusion
[day 0] and then on days 3, 7, 14, and 30)

• Application of assisted mechanical ventilation and their
modes, intranasal oxygen inhalation, number of days of
intubation, or nasal oxygen support

• Medication regimen (eg, hydroxychloroquine, azithromycin,
any antiviral therapies, steroids, tocilizumab)

• Complications including acute renal failure, acute coronary
syndrome, myocarditis, ARDS, gastrointestinal
complication, and nosocomial infection

• The SARS-CoV-2 RNA from the serum sample will be
monitored during treatment and at day 14 of recovery or
discharge, whichever is later.

We plan to test for all of the following parameters for patients
with COVID-19:

• Complete blood count (CBC) differential to include percent
and ALC, and percent and absolute neutrophil count

• Chemistry panel to include total protein, albumin, lactate
dehydrogenase, alanine aminotransferase and aspartate
aminotransferase, and procalcitonin

• Cardiac biomarkers (eg, cardiac troponins)
• Creatine phosphokinase
• Ferritin
• Full coagulation profile to include partial thromboplastin

(PT), activated PT time, fibrinogen, and D-dimer
• CRP
• Oxygen saturation
• Radiological examination
• ABO RhD grouping and antibody screening
• rRT-PCR test for SARS-CoV-2
• Test for IgG and IgM antibodies against SARS-CoV-2

CP donors will essentially undergo routine blood donation
processes such as donor history questionnaire, clinical
examination, and testing for the infectious marker (serology
and nucleic acid testing methods) along with ABO RhD
grouping, antibody screening, and CBC. They will also undergo
a test for IgG and IgM antibodies against SARS-CoV-2, which
should be positive for IgG.

Data collection forms have been developed to collect data for
CP donors, recipients, and controls (comparators).

Response Assessment
The response assessment includes daily clinical assessment by
a physician; vital signs including temperature, blood pressure,
respiratory rate, and heart rate; oxygen saturation; oxygen
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requirement; ventilator requirement and the modes employed;
inotrope medications requirement; CBCs, liver function tests,
urea, creatinine, and electrolytes daily; Apache score; Sequential
Organ Failure Assessment score; fluid balance; x-ray or CT
changes, repeated every 3-5 days; organs functions assessment;
plasma doses and frequency requirement; transfusion-related
side effects including TRALI, TACO, etc; and the SARS-CoV-2
RNA will be tested on recovery (or deterioration to determine
alternative etiology).

Study Endpoint and Outcome Measures
Our primary endpoints are ICU (or designated area for critical
patients) length of stay; safety of CP; and reporting of SAE such
as anaphylaxis, TRALI, and TACO.

Our secondary endpoints will include number of days on
mechanical ventilation, 30-day mortality, and days to clinical
recovery as defined by the MOH.

Study Population
A total sample size of 575 patients, 115 CP recipients and 460
matched controls (1:4 ratio), will be sufficient to detect a
clinically important difference of 11.6% between two groups
(CP recipients vs matched controls) in 30-day mortality using
a two-tailed z test of proportions and chi-square test with 80%
power and a 5% level of significance. This 11.6% difference
represents a 12.4% mortality in the CP recipient group and
24.4% mortality in the matched control patients [23].

The treatment group (CP recipients group) will have 115 patients
who have COVID-19 but have not recovered yet as per the
inclusion criteria. The control group (comparator group) will
have 460 patients who are either not consenting to receive CP
or those who will not be able to receive CP due to
nonavailability to compare the efficacy of the CP. Control group
patients will be subjected to propensity score (PS) matching
based on age, gender, diabetes mellitus (DM), hypertension
(HTN), and intubation.

Statistical Analysis
Descriptive and inferential statistics will be used to characterize
the study sample and test the hypotheses. Descriptive results
for all quantitative variables such as age will be presented as
mean (SD; for normally distributed data) or median with
interquartile range (for data not normally distributed), while
numbers (percentage) will be reported for all qualitative
variables such as gender.

To assess the independent effect of CP transfusion safety and
survival, we will conduct a PS-matching (based on age, gender,
DM, HTN, and intubation) analysis. Among the predictors,
exact matching will be enforced to achieve the balance for all
predictors between the plasma and control groups.

The bivariate analysis will be performed using independent
sample t test, Mann-Whitney U test, Pearson chi-square test, or
Fisher exact test whenever appropriate to compare the
demographic characteristics (eg, age, gender, nationality) and
clinical characteristics (improvement in oxygenation, laboratory
parameters, radiological findings, complications, and length of

hospital stay) between those who will receive the CP and those
who will not receive this therapy.

The multiple binary logistic regression model will be used to
assess the effect of CP transfusion on 30-day mortality after
adjusting for potential confounding factors compared to matched
controls patients. The adjusted odds ratio and 95% confidence
interval for the adjusted odds ratio will be reported. The
Hosmer-Lemeshow goodness-of-fit statistics will be used to
determine whether the model adequately describes the data.

The time-to-event analysis will be measured from the date of
diagnosis. The overall survival at 30 days and 3 months will be
evaluated using the Kaplan-Meier estimator and compared
between the two groups (plasma recipients vs matched control
patients) using the log-rank test. A Cox proportional hazard
model will also be used to estimate the hazard ratio for
in-hospital 30-day mortality for the plasma group compared
with matched control group patients after adjusting for potential
confounding factors. In addition, interactions between CP
administration and all the predictors will be tested to see if the
plasma effects will be the same in subgroups. A P<.05
(two-tailed) will be considered statistically significant. All
statistical analyses will be performed using SPSS version 24
(IBM Corp).

Interim Analysis
An interim analysis will be performed after enrolling 40 CP
recipients and 40 PS-matched controls. A similar statistical
analysis will be performed as previously described.

Monitoring and Safety
Plasma infusion is a routine practice in health care facilities.
All known adverse events and SAE of CP infusion, such as
anaphylaxis, TRALI, and TACO, will be collected as per the
SFDA reporting standard. SAE or death of a study participant
due to any cause will be reported by the study team to the IRB
chairman and principal investigator within 24 hours of the event.

Confidentiality Statement
All subject-related personal information will be saved in
password-protected files, which will only be accessed by the
study research team. All data will be archived in our archiving
facility within the hospital once the study has come to an end.
This will be in accordance with the standard requirement for
the clinical trial archival.

Patient and Family Education, and Donor Recruitment
Strategy
A variety of methods will be used to recruit CP donors for the
study. These include referrals of the recovered patients from
various hospitals, dissemination of messages to the public
through social media platforms, and a website set up specifically
for the study for general information and communication [24].

We will be using the following Twitter account:
@Plasma4CovidKSA for public information only. Approved
videos will be used on the website and Twitter account. In
addition, multilingual advertisement statements and links to the
videos by international physicians may be shared with
non-Arabic speaking patients. Detailed bilingual ICFs approved
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by the MOH and IRBs will be used for both CP donors and CP
recipients.

Results

We are still collecting data and recruiting patients for our
ongoing national clinical trial. We will soon share the results
of an interim analysis of the first 40 CP recipients and
PS-matched controls. Once the study is completed, the final
results will be published.

The following approvals have been obtained in addition to IRB
approvals of the participating centers: MOH Central IRB log
No 20-COVID-19-01M (approved on April 2, 2020); SFDA
Saudi Clinical Trials Registry No 20041102 (approved on April
14, 2020); and the ClinicalTrials.gov identifier is NCT04347681
(updated and under process).

Discussion

The study of the Saudi population at risk of severe COVID-19
has some distinct features, as Saudi Arabia was recently
challenged by related coronaviruses including MERS-CoV that
might lead to distinct immunological responses to SARS-CoV-2.
The intention overriding the scientific merit of a randomized
controlled trial during this pandemic is an attempt to add CP in
the armamentarium against COVID-19, as this readily available
agent has historically shown benefit in the treatment of related

coronaviruses. There are multiple theoretical and scientific
reasons to support our thinking that CP may turn out to be an
effective treatment. However, the bottom line is that we do not
have enough data to be certain. CP trials that have been
published so far have limitations and conflicting data. Our group
and others are working hard during this time to establish
evidence that could support the therapeutic use of CP for patients
with COVID-19.

Limitations of our study include, first, the design of the study,
as we could not find it feasible to make the study a randomized
controlled trial with our patient population due to the strong
perceived benefit of CP in the minds of the patients and treating
physicians in this situation. Second, our collaborating centers
are of various levels from secondary to tertiary care hospitals
with limitation of experience uniformity in conducting such a
collaborative study. However, we intend to be a mutually
supportive group and keep our study elements uniform. In
addition, currently, anti–SARS-CoV-2 antibodies titration
facilities are not available countrywide in Saudi Arabia.
However, we plan to save aliquots of collected convalescent
plasmas to test antibody titers whenever such facilities will be
available. Last, we could not include the investigation of some
biomarkers like interleukin-6 during treatment in our protocol,
due to nonavailability in some centers. Nonetheless, treatment
with CP seems promising to treat patients with COVID-19, and
a national clinical trial to explore the efficacy and safety of CP
is justified.
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Abstract

Background: Physicians work in a highly demanding work setting where ongoing changes affect their work and challenge their
employability (ie, their ability and willingness to continue working). In this high-pressure environment, physicians could benefit
from proactively managing or crafting their careers; however, they tend not to show this behavior. The new concept of career
crafting concerns proactively making choices and adapting behavior regarding both short-term job design (ie, job crafting) as
well as longer-term career development (ie, career self-management). However, so far, no intervention studies have aimed at
enhancing career crafting behavior among physicians. Given that proactive work and career behavior have been shown to be
related to favorable outcomes, we designed an intervention to support career crafting behavior and employability of physicians.

Objective: The objectives of this study were to describe (1) the development and (2) the design of the evaluation of a randomized
controlled career crafting intervention to increase job crafting, career self-management, and employability.

Methods: A randomized controlled intervention study was designed for 141 physicians in two Dutch hospitals. The study was
designed and will be evaluated based on parts of the intervention mapping protocol. First, needs of physicians were assessed
through 40 interviews held with physicians and managers. This pointed to a need to support physicians in becoming more proactive
regarding their careers as well as in building awareness of proactive behaviors in order to craft their current work situation. Based
on this, a training program was developed in line with their needs. A number of theoretical methods and practical applications
were selected as the building blocks of the training. Next, participants were randomly assigned to either the waitlist-control group
(ie, received no training) or the intervention group. The intervention group participated in a 4-hour training session and worked
on four self-set goals. Then, a coaching conversation took place over the phone. Digital questionnaires distributed before and 8
weeks after the intervention assessed changes in job crafting, career self-management, employability, and changes in the following
additional variables: job satisfaction, career satisfaction, work-home interference, work ability, and performance. In addition, a
process evaluation was conducted to examine factors that may have promoted or hindered the effectiveness of the intervention.

Results: Data collection was completed in March 2020. Evaluation of outcomes and the research process started in April 2020.
Study results were submitted for publication in September 2020.

Conclusions: This study protocol gives insight into the systematic development and design of a career crafting training intervention
that is aimed to enhance job crafting, career self-management, and employability. This study will provide valuable information
to physicians, managers, policy makers, and other researchers that aim to enhance career crafting.

International Registered Report Identifier (IRRID): RR1-10.2196/18432

(JMIR Res Protoc 2020;9(10):e18432)   doi:10.2196/18432
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Introduction

Physicians work in a highly demanding work setting where
ongoing changes affect their work. Physicians’ work
environment is characterized by high work pressure and other
stressors [1]. This challenges physicians’ability and willingness
to continue to work until the retirement age in their current
profession [2] (ie, their employability [3]). Recent studies show
that the employability profile of physicians and other workers
in the health care sector is relatively low compared to employees
in other sectors. Specifically, in a study among 42,613 health
care workers in the Netherlands, 47% of them thought it was
possible to find employment beyond their current employer,
compared to 57% of employees in other sectors; 52% of health
care workers regularly perceive a high physical workload,
compared to 38% of employees in other sectors; and 19% of
health care workers often perceive a high emotional workload,
compared to 7% of employees in other sectors [4].

In order for employees to successfully navigate within this
complex environment, they must proactively take control over
their working life by creating a resourceful, healthy, and
motivating environment for themselves [5]. This can be done
through career crafting, which is a relatively new concept in the
literature, and is defined as “individuals’ proactive behaviors
aimed at optimizing career outcomes through improving
person-career fit” [6]. Career crafting entails both choices and
changes to the current work environment (ie, job crafting) as
well as actions focused on longer-term career design (ie, career
self-management) [6]. Job crafting refers to the self-initiated
behaviors that employees take to shape, mold, and change their
jobs [7-9]. For example, people can craft social resources such
as support or they can optimize tasks or situations that are
hindering. An example of job crafting is limiting tasks that drain
energy, such as reducing the time spent on meetings by 15
minutes per meeting. Career self-management is defined as the
extent to which employees proactively develop their careers as
expressed by diverse career behaviors [10]. An example of
career self-management is networking behavior, in which
someone proactively approaches others who can be helpful in
shaping their career. Career crafting entails the combination of
both types of behaviors. For example, an employee may reduce
energy-draining activities (ie, through job crafting) by
communicating firmer boundaries in meetings (eg, “I have 30
minutes for this meeting; what are our highest priorities?”). The
time thus gained is used to proactively network with someone
from another organization (ie, career self-management), who
is employed in a position that is of interest to the employee, to
learn about how he or she managed to get that position.

Career crafting is considered an important individual behavior
aimed at safeguarding the sustainability of one’s career over
time [6]. This suggests that career crafting may possibly enhance
employability. However, empirical evidence about the
antecedents and consequences of career crafting is lacking and
requires further examination. Previous studies have found that
career crafting behaviors such as job crafting and career
self-management fulfil important roles in contemporary careers
and result in beneficial outcomes [11,12]. Previous studies found
that career crafting behaviors are beneficial to the individual,

as reflected in enhanced work engagement [13], well-being
[14], meaningfulness, and job satisfaction [15], as well as to
the organization, as reflected in enhanced performance [16].
This makes it worthwhile to invest in an intervention program
that enhances physicians’ career crafting and employability,
which is urgent in today’s health care career context.

Three gaps exist in the current literature. First, despite the
increasing importance of proactive career behaviors, to our
knowledge, as yet no intervention studies have aimed at
enhancing career crafting. Career adaptability training for
graduates [17] focused on facilitating the school-to-work
transition but did not examine how to stay employable within
a work context. That study and other existing career
interventions had a different focus (eg, career coaching or
counseling) than the subject of our study or showed
methodological weaknesses [18]. These studies, for instance,
used a cross-sectional study design [19], lacked a control group
[20-22], or did not assign participants randomly to a control or
treatment group, as shown in a meta-analysis by Whiston et al
[23].

Second, career studies have mainly focused on employees in
general [24], while employees in different jobs have been shown
to have different career trajectories and employment
opportunities [25]. Paying attention to physicians’ careers is
important for two reasons. First, some studies describe their
career choices as serendipitous or circumstantial [26] and
mention that physicians are neither actively engaged in career
planning nor being stimulated to do so [27,28]. Other studies
have shown that attention on careers is beneficial for employee
job satisfaction [22] and may help employees to keep up with
a fast-changing work environment [29]. Second, physicians’
career trajectories are different from those of other employees.
Physicians usually finish their medical training around the age
of 30 years and work as medical specialists for the next 30-35
years of their career. Although their high level of education may
stimulate career possibilities, the specialized nature of their
work tends to reduce their employment opportunities and may,
thus, result in physicians often having the same job until
retirement [25]. Relevant career opportunities for physicians
should, therefore, not only focus on promotion, since
possibilities for this are limited, or on external opportunities
(eg, changing jobs or organizations), but they should also include
possibilities of internal career opportunities (eg, changing work
content or tasks). Focusing on physicians’ career content may
help physicians in developing coping skills to effectively deal
with the challenges presented by their work environment. This
seems important as research has shown that some physicians
are insecure about their competencies to fulfil nonclinical tasks,
such as teaching, managerial skills, and financial skills, for
which they are not primarily educated [30,31]. The career
crafting training developed in this study is likely to fit
physicians’ needs, since their needs have been identified and
because the content of the training has been developed in
collaboration with physicians.

Third, most intervention studies mainly focus on the analysis
of outcomes and lack a systematic process evaluation [32,33].
This may be partly explained by the absence of an
evidence-based framework that describes the elements that need

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18432 | p.97http://www.researchprotocols.org/2020/10/e18432/
(page number not for citation purposes)

van Leeuwen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


to be included in process evaluations. Nevertheless, process
evaluation is important as it helps us to understand why parts
of an intervention result in a certain outcome and shows how
research findings can be used to guide practice [32].

In responding to these knowledge gaps, this study makes the
following contributions. This study contributes to the literature
on proactive career behavior by elaborating on the development
and design of the evaluation of a career crafting training
intervention. In doing so, the specific needs and challenges that
physicians face are taken into account, which increases the
practical utility of this intervention. This paper elaborates on
the systematic process in which this career intervention is
developed for, and in collaboration with, physicians.
Furthermore, the research protocol discusses a framework to
conduct a process evaluation, based on the current literature.
The objectives of this study are to describe (1) the development
and (2) the design of the evaluation of a randomized controlled
career crafting intervention developed for physicians to increase
job crafting, career self-management, and employability.

Methods

Overview
The intervention was developed in a systematic way, using
elements of the intervention mapping (IM) protocol. IM is a
widely accepted methodology for planning theory-based and
evidence-based health promotion programs [34] and has been
used in numerous studies, eg [35], [36]. IM consists of six steps:
(1) needs assessment, (2) definition of program objectives, (3)
methods and practical applications, (4) intervention program
development and pilot test, (5) adoption and implementation,
and (6) evaluation. The completion of every step creates a
product that is the guide for the subsequent step [34]. Although
these steps suggest that this is a linear process, moving back
and forth between the steps is part of the process.

Step 1: Needs Assessment
The first step of IM was to assess and understand the problem
and needs of the participants [34]. This intervention was
custom-made in close collaboration with potential participants,
physicians, and other stakeholders, such as managers of
physicians who also work as physicians. There is widespread
agreement that a participative approach in the design of
interventions is promising. Employees are often familiar with
the problems and the best solutions in their work context, and
people can identify better with a project if they perceive
themselves to be the agents of change rather than the objects of
change [37].

In an earlier stage of this study, 40 face-to-face exploratory
interviews were conducted to examine physicians’ experiences
with job crafting, career self-management behavior, and
employability. Out of the 40 interviews, 27 (68%) were done
with the target population, namely physicians, and 13 (33%)
were conducted with their managers who also worked as
physicians. The results of these interviews were discussed and
interpreted by a planning group. This group consisted of the
researchers of this study, a senior board member and a physician
who also worked as a manager in the academic hospital, and

two physicians and a senior board member of the general
hospital. The reflections of the planning group were also
discussed in both hospitals with people from the human
resources department who were familiar with current policies
and trainings for physicians. The interviews revealed that
physicians lack attention for job crafting and career
self-management. Moreover, employability was hardly discussed
or thought of in this occupational group. Despite this, physicians
and their managers emphasized the importance of finding ways
to increase physicians’ employability. They described several
challenges: dealing with a high workload, rapid technological
developments, finding a healthy work-life balance, the need to
fulfil nonmedical-related tasks (eg, educational tasks or being
part of certain committees), and the repetitive character of their
tasks, which challenged their motivation in the longer run. Both
physicians and managers mentioned that these challenges
affected their ability and/or willingness to continue to work in
their profession. Some physicians also indicated that support
in these areas would be helpful, since a focus on these themes
was not part of their standard medical training. Career crafting
training, which helps them to cope with their current work
environment and prepare them for their further career, is
therefore expected to be in line with their needs.

Step 2: Definition of Program Objectives
The next step involved specifying the change objectives. This
included what must be changed and who must make the change
[34]. These were formulated based on the needs that physicians
and managers expressed in step 1. The following three program
objectives were chosen: the intervention will increase
physicians’(1) job crafting behavior, (2) career self-management
behaviors, and (3) employability. Following the IM approach,
three personal determinants were identified to realize behavioral
change in order to reach these objectives [38]. These were
awareness of the importance of investing in job crafting, career
self-management, and employability; knowledge about these
topics; and learning the skills to know how these investments
can be made.

Step 3: Methods and Practical Applications
In the third step, methods and practical applications were chosen
to achieve the objectives [34], based on existing literature and
the stakeholder interviews. Multimedia Appendix 1 shows the
theoretical methods and the practical applications for each
determinant.

Step 4: Intervention Program Development and Pilot
Test
Step 4 included a description of the intervention, completed
program materials, and program protocols. The intervention
consisted of a 4-hour group training session for diverse groups
of physicians with a pre- and postmeasure. This half-day session
was a combination of theory, reflection, exercises, and goal
setting (see Multimedia Appendix 1). Participants learned the
principles of proactive work and career behaviors, and all
participants left the session with a plan outlining four small
actions for the following 4 weeks.

In order to be successful, the program required pilot testing with
intended implementers and recipients [34]. The survey was
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created and pilot-tested by the first author in 4 face-to-face
interviews with physicians and with managers who also worked
as physicians. A think-aloud method was used, meaning that
participants were asked to think out loud when reading the texts
and answering the questions. At the end of the interview, some
open-ended questions were asked about the survey’s content,
wording, and style of addressing physicians. If needed,
introduction texts and items were adapted. Then, a list was made
including program themes, assignments, and time frame
planning. A training program and protocol was drafted, which
was pretested in a pilot training session with intended users. A
total of 5 physicians participated, who varied as much as
possible on variables that might affect the variables of interest
(eg, gender and age). The physicians followed the pilot training
session and evaluated the training session at the end in a group
discussion, based on the following: content, wording, suitability
of given examples, and types of exercises. This resulted in
optimization of the training content through some adaptations
in allocated time and wording to make the content better suited
to the perspectives of physicians. Moreover, examples of job
crafting and career self-management were added, based on
experiences of the physicians.

Step 5: Implementation
In this step, participants were recruited via presentations in
physicians’ staff meetings, word-of-mouth communication in
existing networks, and promotions of the training via email. An
email with information on the intervention (ie, goal, content,
and duration of the intervention) was sent to the heads of
departments, who were asked to share the email with physicians
on their team. At the same time, the emails were sent to the
representatives of physicians, who were asked to send the email
to physicians in their department. In addition, accreditation was
requested and granted. This means that physicians earned

accreditation points (ie, professional development points) when
participating in this training, which they need to stay registered.
This will likely increase physicians’ extrinsic motivation to
participate in this training.

This intervention study started with randomly assigning
participants to the waitlist-control group or the intervention
group. Two independent randomizations were done using the
randomizer function in Microsoft Excel (version 16.41): one
for physicians in the academic hospital who were either assigned
to the waitlist-control group or intervention group, and one for
physicians in the general hospital who were randomized in a
waitlist-control group or intervention group. Two independent
randomizations enhanced the probability of equally dividing
physicians in one hospital to the control or intervention group.
This is important given the expectation that physicians from
both hospitals differ on characteristics that might affect their
career crafting behavior, such as type of contract and the degree
of specialization. The advantage of the waitlist-control group
is that all physicians received the intervention in the end. They
were blind to the condition (ie, waitlist-control group or
intervention group) to which they were assigned.

Figure 1 shows the procedure of this experiment. Participants
in both the intervention and control groups received an email
inviting them to complete the pretest. A total of 1 week after
receiving the digital survey, which was sent through the program
Qualtrics (version April 2020), physicians in the intervention
group received a 4-hour training intervention. In total, 7-14
physicians were planned to attend each training session. After
that, they worked on their self-set goals for the next 4 weeks.
Then, a coaching conversation took place on the phone. A total
of 3 weeks after the coaching conversation, which was 8 weeks
after the pretest, physicians in both groups received a link to
the posttest.

Figure 1. Design of the career crafting intervention.

Step 6: Evaluation of the Results

Overview
Both the effectiveness as well as the implementation process
of the career crafting intervention will be systematically
evaluated. The effectiveness of the intervention program will
be evaluated quantitatively, by analyzing the variables of
interest. The implementation process of the intervention will
be examined through a process evaluation, both quantitatively,
by examining the answers to survey items, and qualitatively,
by asking for experiences of participants after the coaching
session on the phone and in an open-ended question at the end
of the last survey.

Effectiveness and Outcomes
The effectiveness of the career crafting training intervention
will be examined by comparing the intervention and control
groups on the outcomes that were gathered in the pre- and
posttests. The main outcome measures of this study were job
crafting, career self-management behavior, and employability.
Perceptions on job crafting regarding personal resources were
measured (9 items) [39], and perceptions on job crafting to
change work aspects were measured (10 items) [7]. Perceptions
on career self-management behavior were measured [10] by
examining general career behaviors, career planning, career
self-exploration, environmental career exploration, networking,
voluntary human capital and skill development, and positioning
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behavior (9 items). Perceived employability was measured by
asking for physicians’ willingness and mental and physical
ability to continue working in their current profession until the
retirement age (3 items) [3]. Additional outcome measures were
job satisfaction [40], career satisfaction [41], work-home
interference [42], work ability [43], and performance [44].
Additionally, background information was gathered on age,
gender, type of employment contract, hours worked according
to the contract, organizational tenure, and functional tenure.
Data from the pre- and posttests of individuals could be linked
with unique codes that were generated by the program Qualtrics.

Participants
The sample size was calculated on the basis of 95% power to
reject the null hypothesis with a 2-tailed significance level of
5%. Assigning equal numbers of participants to the intervention
and control groups, and based on the effects of job crafting
training interventions on job crafting behavior [45,46], a total
of 120 physicians (60 in each group) were needed. We aimed
for 150 participants, to allow for 20% dropout. We widely
communicated the possibility of participating in this intervention
study to physicians, as explained in step 5. However, we did
not reach all physicians (ie, 685 physicians in the academic
hospital and 225 physicians in the general hospital), as we were
not invited into all the departments of the hospital to give a
presentation about the training content. In the end, 141
physicians participated; 107 physicians (76%) were employed
by the academic hospital and 34 physicians (24%) worked in
the general hospital.

Data Analysis
Depending on the assumptions for outliers, normality, and
sphericity, we are planning to conduct 2-way, repeated-measures
multivariate analyses of variance in SPSS (version 25.0 (IBM
Corp)), to assess the time × group interaction effects of the
intervention on the main and additional outcome measures.
Subsequently, if the tests for assumptions are not violated, we
will perform repeated-measures analyses of variance to further
examine the effects within the control and intervention groups.

Process Evaluation
A process evaluation will be done during the process of
implementing the study, providing insight into factors that may
have helped or hindered the effectiveness of the intervention
[32]. Despite the lack of an evidence-based framework
describing the elements that need to be included in process
evaluations [32], three dimensions are often mentioned: (1)
context, (2) implementation process, and (3) participant mental
models and mechanisms [32,47]. The elements examined within
these dimensions are described in Multimedia Appendix 2. Both
quantitative and qualitative methods will be used to examine
these process evaluation elements, since both methods and the
combination of them are shown to be effective [32,37,48].

Ethics
The University Medical Center Utrecht confirmed that this study
falls outside the scope of the Dutch Medical Scientific Research
Involving Human Subjects Act (Wet medisch-wetenschappelijk
onderzoek met mensen [WMO], in Dutch) and, therefore, formal
ethical approval was not required (METc 2019, 19/109).

Nevertheless, ethical guidelines were applied as follows: all
participants signed a written consent form stating that
participation is voluntary, outcomes are held confidentially, and
they can withdraw from the study at any time; they were also
told that they could change their answers (ie, through a back
button) before submitting the survey and were reminded of this
at every contact moment. All study material was anonymized
and saved on a protected server.

Results

Data collection was completed in March 2020. Evaluation of
outcomes started in April 2020. One researcher conducted the
primary analyses; these results were discussed with the research
team in July 2020, which resulted in some adjustments and
additional analyses. The process evaluation of the qualitative
data that were obtained in the coaching interviews was done
after the evaluation of the outcomes. Study results were
submitted for publication in September 2020.

Discussion

This article describes (1) the development and (2) the evaluation
design of the first career crafting training intervention aimed at
increasing job crafting, career self-management behavior, and
employability of physicians. This study protocol describes the
systematic development of the intervention using parts of the
IM protocol.

The strengths of this study boil down to three main points. First,
this study addresses a novel concept, career crafting, which
refers to proactive work and career behaviors that are linked to
positive employee outcomes, such as well-being and
employability. An intervention approach seems timely and
relevant given the work and career-related challenges that
physicians are facing. The intervention can potentially help
them to cope with ongoing changes in their work environment
[49] and might enhance the sustainability of their careers over
time [6]. In order to fit the intervention’s content with
physicians’ needs, needs are assessed through 40 interviews.
This needs assessment forms the basis of the intervention
program, which is further developed in close collaboration with
physicians and other relevant stakeholders (eg, managers of
physicians). Second, a robust research design is used, namely
a randomized controlled field experiment, which is a
high-quality approach to examine the causal effects of an
intervention [50]. The effect and process evaluation help us to
understand the outcomes of the intervention study and can be
used to guide practice [32]. A third strength is that we designed
the training to take place in 4-hour sessions, which kept the time
investment low. The practical applicability of this study,
therefore, seems high and the training could possibly be
administered in an online format as well. Future studies could
use this study protocol to examine such an intervention study
in other occupational contexts to gain more insight into the
effectiveness of a career crafting training intervention across
different contexts with varying cultures.

Apart from the above strengths, this study has some limitations.
First, contamination may occur when participants in the
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intervention group communicate with waitlist-control
participants about the content of the training. However, the
chances of contamination are small, since physicians are widely
spread across the organization. Second, because we use a field
experiment, our control is limited. This means that participants
might not adhere to the instructions, might be unable to attend
the assigned training, might not complete both surveys, or could
drop out completely. We deal with these problems by (1)
keeping track of participants that want to change groups and
(2) sending two reminders by email to complete the survey and
four reminders to work on the self-set goals after the training.

A third limitation is that in order to minimize dropout, we did
not include a long-term follow-up measurement. A second
follow-up measurement could have revealed the extent to which
findings can be generalized across longer time periods.

In conclusion, the systematic development of the intervention
based on parts of the IM protocol has resulted in a 4-hour career
crafting group training intervention to support physicians in
developing proactive work and career behaviors. Subsequent
analyses in a follow-up study can provide valuable insights to
physicians, managers, and policy makers about the intervention’s
effectiveness for physicians.
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Abstract

Background: Intravital microscopy (IVM) allows the real-time, direct visualization of microscopic blood vessels. This pilot
clinical trial will elucidate the physical and functional characteristics of vessels associated with solid tumors.

Objective: The main objective of this study is to determine the feasibility of performing IVM in patients with solid tumors
during the standard course of surgical resection. IVM will also be performed when vasopressors or fluid boluses are administered
during the standard course of the operation.

Methods: This is an open-label, nonrandomized, single-center, pilot study of IVM observation in subjects with solid tumors
undergoing surgical resection.

Results: This study was active on January 1, 2019 (NCT03823144) and funded by the Mayo Clinic Florida Cancer Focused
Research Team Award. As of September 27, 2020, we had enrolled 20 patients. Accrual period is expected to end by December
31, 2021.

Conclusions: This trial will support the development of interventions to improve patient treatment by extending the application
of IVM to the tumor microenvironment. IVM observations during volume and pressor management at the time of surgery may
aid in the development of strategies to augment responses to systemic treatments.

International Registered Report Identifier (IRRID): PRR1-10.2196/15677

(JMIR Res Protoc 2020;9(10):e15677)   doi:10.2196/15677

KEYWORDS
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Introduction

Intravital microscopy (IVM) is the microscopic observation of
living tissue in real-time. IVM has been used to show that tumor
vessels lack the sequential hierarchy of normal vessels such that
arterioles, capillaries, and venules typically cannot be
discriminated within tumor tissues [1,2]. This disorganization

of aberrant tumor vessels was demonstrated in a previous clinical
trial [3]. These tumor-associated vessels were also characterized
by irregular diameters, aberrant branching patterns, abnormal
blood flow rates, and anastomotic strictures. These
characteristics could have profound influence on the delivery
of agents (ie, chemotherapy or cellular immunotherapy) to the
tumor microenvironment [4].
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Human IVM was used first in the investigation of melanoma
primary tumors. IVM has also been used to directly examine
the hemodynamic properties of tumor vessels in preclinical
mouse models [5-8]. Recent studies in B16 murine melanoma
have used IVM to demonstrate that the abnormal, tortuous
vascular structure in tumors represents a bottleneck to adoptive
cell transfer immunotherapy because of poor trafficking of
cytotoxic effector T cells at this site [5]. Others have used
different forms of IVM to observe lymphatics or metastatic
disease in real-time in mouse models [9,10]. There has also
been reported real-time imaging of human tumor and lymphatics
using different techniques such as multiphoton imaging,
high-resolution ultrasound, or optical coherence tomography
[11,12].

Our trial has the strong potential to expand upon novel tumor
imaging techniques and not only form a directly observed basis
of the tumor vasculature as a barrier to systemic drug efficacy
in humans but also establish a rationale to overcome this barrier.
To this end, this trial has the following objectives.

Objectives

Primary Objective – Part I (10 Patients)
The main objective is to determine the feasibility of performing
IVM in patients with deep space solid tumors during the
standard course of surgical treatment (resection). A successful
intravital microscopic observation will include the ability to
complete each of the following:

1. Identify and measure vessels associated with tumor.
2. Determine vessel density per 10x field.
3. Visualize vital dyes within the vessels (fluorescein).
4. Calculate the blood flow velocity of the vessels and tissue

penetration of fluorescein as a marker of vessel
permeability.

Secondary Objective – Part II (40 Patients)
To assess the secondary objectives, we will:

1. Compare the microscopic observation of the
tumor-associated vessels with normal tissue (peritoneal
surface) in each individual subject.

2. Correlate the microscopic observations of the
tumor-associated vessels with pathologic grade of tumor.

3. Correlate the microscopic observation of the
microvasculature with tumor-specific and overall survival.

Primary and Secondary Endpoints

Primary Endpoint
A patient observation will be deemed a success if each of the
following parameters was measured:

1. Identify tumor-associated vessels and measure vessel
diameters.

2. Determine vessel density per 10x field.
3. Visualize vital dyes within the tumor-associated vessels

(fluorescein).
4. Calculate the blood flow velocity of the tumor-associated

vessels and tissue penetration of fluorescein as a marker of
vessel permeability.

Measurements will be obtained before and after any tumor vessel
manipulation with either bolus fluids or vasopressors.

Secondary Endpoints
Measurements to assess the secondary endpoints include the
following:

1. Postoperative comparison of the microvasculature of tumor
with normal tissue (eg, peritoneum) in each individual
subject using vessel diameters, vessel density, detection of
intravital dye, and flow rates.

2. Postoperative correlation of the microvasculature with
pathologic features of the tumor (ie, tumor grade) at the
time of the final pathology report (5-7 days after surgery).

3. Postoperative correlation of the microscopic observation
of the tumor microvasculature tumor-specific and overall
survival.

Methods

Study Design
This is an open-label, nonrandomized, single-center study of
IVM observation in conjunction with fluorescein in subjects
with deep space solid tumors undergoing surgical resection.
The first part is a pilot study of feasibility. Subjects will be
treated on an inpatient basis.

Study Protocol
Surgical resection will be performed as part of standard of care.
Approach may include open, laparoscopic, or robotic, as the
IVM microscope can be used through any of these approaches.

The IVM technology consists of a high-resolution confocal
endomicroscope (Cell Vizio) supplied by Mauna Kea
Technologies. This apparatus has the ability to provide single
cell resolution and high-quality images of the microvasculature.
While the typical application of this device is to investigate
gastrointestinal mucosal surfaces (ie, esophagus or colon), it
can be easily applied to any surface. It can be sterilized via
standard STERRAD techniques or used with a sterile sleeve in
order to interface with the peritoneal surface, as currently used
in NCT03517852: Intravital Microscopy (IVM) in Patients with
Peritoneal Carcinomatosis (PC) [13].

The microscope is positioned in the operating room table by
the operating surgeon after the tumor is exposed. Once the
microscope is in the proper position, the epifluorescent light
source is turned on, and digital video recording commences.
Then, 1-2 mL of 25% fluorescein is injected intravenously, and
observation continues until loss of fluorescence is observed
over 2-4 areas of both grossly normal and tumor tissue. The
fluorescein is almost immediately visible within the microscopic
field, and the vessels are quickly outlined in great detail. The
fluorescence lasts for a few minutes (2-3 minutes) and then
either fades or begins to permeate through the tissue. The
extravasation of dye will be determined by visualizing
fluorescence outside of the defined vessels for a total time of
approximately 5 minutes. On average, the total obervation time
per field is 1-2 minutes.
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During the course of the surgery, if fluid boluses or vasopressors
(eg, vasopressin or phenylephrine) are required and administered
to maintain blood pressure during the resection, another round
of IVM observations will be performed with a second dose of
1-2 mL of fluorescein. Communication with anesthesia will
indicate when fluid boluses or vasopressors are administered,
in order to coordinate the observation.

Technical difficulties with the microscope apparatus (eg,
malfunction of the software or structural damage to any of the
microscope components) or unforeseen events during the course
of surgery that are unrelated to the study intervention but that
result in the termination of the surgery (eg, adverse reaction to
anesthetic prior to administration of fluorescein or hemodynamic
instability from a complication of the surgery) will not be
considered failures of the primary objective. If vasopressors are
not administered during surgery, the patient data will still be
included in the study as they address the primary objective,
which is to determine the feasibility of IVM.

Offline analysis of digitally recorded live video will be
performed using parameters and statistical methods that have
been developed in our preclinical imaging studies [5]. Lumenal
cross-sectional diameter (D) of vessels and velocity (V) of
dye-labeled cells will be measured in offline observations. Wall
shear rate (γ) will be calculated as 8(V/D) [14]. Vessel density
will be determined by measuring the calculated blood vessel
area as a percent of the total visual field area. If visible, the
uptake of fluorescein will be measured as a diffusion rate
(distance from tumor vessel over time) and as a percent of the
total tumor field observed (percent of visual field expressed as
surface area with dye detected). Blood flow velocity will be
determined by the equation Q = (red blood cell velocity/1.6) x
(d/2) x pi.

Target Accrual and Study Duration
A maximum of 50 subjects (Part I, 10 patients; Part II, 40
patients) will be enrolled. The number of subjects required is a
function of the expected feasibility. Accrual is expected to take
up to 2 years.

Inclusion Criteria
Patients who are aged ≥18 years will be included in this trial.
Additionally, these patients must have an ECOG Performance

≤2. Patients with a measurable tumor by direct visualization
(visible lesion typically >0.5 cm in maximal diameter) and deep
space tumors that meet indications for resection also require a
negative skin-prick test to fluorescein. Tumors can be benign
or malignant.

Exclusion Criteria
Patients who are experiencing uncontrolled intercurrent illnesses
including, but not limited to, ongoing or active infection,
symptomatic congestive heart failure, unstable angina pectoris,
cardiac arrhythmia, psychiatric illness, or social situations will
be excluded. Other factors for exclusion include renal
dysfunction, as defined as a glomerular filtration rate <45; liver
dysfunction, as defined by Child-Pugh score >5 or liver function
tests 1.5 times above the normal average; any known allergy or
allergic reaction to fluorescein or positive skin-prick test to
fluorescein; and pregnant or nursing female subjects.

Study Procedure

Baseline Evaluations
The standard presurgical assessment with labs and studies as
determined by the preoperative anesthesia clinic will be used.
A summary of the evaluations that should be performed during
the preoperative visit, surgery, and postoperative visit is
provided in Figure 1.

If determined to be eligible for the study and after giving
informed consent, a skin-prick test to determine sensitivity and
risk of anaphylaxis to fluorescein will be performed by the
principal investigator. For testing allergic response to
fluorescein, a sterile Duotip® lancet (Lincoln Medical, Decatur,
IL) is used in 2 separate areas of skin on the forearm. The skin
pricks will include approximately 4 µL of 25% fluorescein
administered in areas of skin prepped with an alcohol pad. After
30 minutes, the appearance of a wheal greater than 3 mm in
diameter is considered a positive test result. If a positive test is
noted, the patient will no longer be eligible for this study. For
comfort and relief of any skin irritation or pruritis, the patient
will be offered an antihistamine (one 30-mg fexofenadine
[Allegra] by mouth) following the skin-prick test if necessary.

Figure 1. Summary of the evaluations performed during the protocol. IVM: intravital microscopy.
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Posttreatment Follow-Up Evaluations
The standard follow-up and safety evaluations from surgery
includes a postoperative visit at 2-3 weeks and scheduled
follow-up based upon final staging of the patient’s cancer.
Follow-up will be based upon current National Comprehensive
Cancer Network guidelines.

At the completion of the surgery, if gross tumor is entirely
debulked (R0 resection), then patients are considered
disease-free. Treatment response will be based upon the presence
of a recurrence of tumor at either the primary site, locoregional
recurrence (peritoneum), or metastatic sites.

The time to recurrence will determine the standard length of
clinical follow-up. However, for this study, a 10-year limit will
be placed on clinical data collection during the standard clinical
follow-up. After a patient is enrolled, the duration of data
collection will end at 10 years from the time of microscopic
observation (surgery). These data (time of recurrence or
survival) will be correlated with findings from the one-time,
initial IVM observation for the defined 10-year period of data
collection.

Results

This study was active on January 1, 2019 (NCT03823144) and
funded by the Mayo Clinic Florida Cancer Focused Research
Team Award. As of September 27, 2020, we had enrolled 20
patients. Accrual period is expected to end by December 31,
2021.

Discussion

We anticipate that this study will elucidate the structural and
hemodynamic properties of vessels associated with solid tumors,
building on previous studies that used IVM in human cancers
[3,15]. In order to model the effects of tumor-associated vessel
function on patient outcomes, direct examination of the
microvasculature is essential and critical to be performed in
humans. Thus, the significance of our trial lies in the opportunity
to develop interventions that improve patient care. Specifically,
the detection of blood flow parameters (including vessel
diameter, flow rates, vessel density, and fluorescent markers of
tissue diffusion) in human solid tumors is expected to have
utility in predicting clinical response to systemically delivered
therapies. This is because, in order for effective intravenous
therapies to reach target tumors, they must have functional
tumor-associated vessels to travel through. Therefore, it is
anticipated that the investigation of tumor-associated vessels

in real-time through IVM will lead to a better understanding of
factors influencing systemic drug efficacy and perhaps generate
a more complete picture of the tumor-associated locoregional
vasculature.

In addition, by adding IVM observations during the course of
volume and pressor management during the course of surgery,
further data regarding tumor vessel dynamics will be obtained,
which may offer a means to augment responses to systemic
treatments. Ongoing studies by our group are investigating
whether tumor-associated vessels can be manipulated in order
to augment drug delivery. However, the first step in reaching
this innovative goal is to establish the feasibility and safety of
IVM in human solid tumors, which is the primary objective of
this trial.

Indeed, novel approaches using IVM have the potential to
provide advances in the field of personalized medicine by
identifying patients who may respond to systemically delivered
chemotherapeutic drugs or immunotherapeutic agents. IVM has
been applied to the endoscopic evaluation of gastrointestinal
tumors, the cystoscopic evaluation of bladder urothelial cancer,
and most recently to melanoma [3]. The superficial or
endoluminal location of these tumor types facilitates IVM, and
from these studies, advances have been made in the
understanding of tumor vasculature and the diagnosis of
endoluminal cancers [15]. Our current trial will take these
studies another step further through investigation of deep space
solid tumors, both benign and malignant.

We anticipate completion of trial enrollment by December 31,
2020. IVM results will be correlated with oncologic outcomes.
While the microscope is used to observe tumor-associated
vessels, the procedure is not anticipated to cause iatrogenic
spread of tumors. This is because the microscope does not
puncture the tumors but is only used to examine the
tumor-associated vessels. Furthermore, digital and instrument
manipulation, both blunt and sharp, is used to resect the tumor,
which provides more force than the microscope. In addition,
this study may be limited in that mainly surface tumor vessels
will be observed, whereas deeper vessels will not be observed.
Observation of deeper vessels will not be performed as this
would require incision into the tumor, which is contraindicated.

In conclusion, our trial will support the development of
interventions to improve patient treatment by extending the
application of IVM to the tumor microenvironment. IVM
observations during volume and pressor management at the
time of surgery may also aid in the development of strategies
to augment responses to systemic treatments.
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Abstract

Background: Novel treatments for substance use disorders are needed. Acute bouts of exercise can improve mood states and
craving in nonclinical populations. Exercise effects in those with polysubstance dependence are understudied; controlled trials
are needed.

Objective: This protocol describes a clinical study examining the short-term psychological effects of 2 types of physical activity,
soccer and circuit training, in patients with substance use disorders. Effects will be compared with a nonexercise control group.
Specific aims are to investigate whether there are differences between the activities and the duration of changes.

Methods: This study is a short-term multicenter randomized control trial with a crossover design. Patients consecutively admitted
to 4 inpatient treatment centers were invited to participate in 3 conditions, each lasting 45 minutes, within one week. The order
of the conditions was randomized. There were a total of 5 assessments, taken at baseline, immediately before each condition,
immediately after each condition, and 1, 2, and 4 hours postintervention, enabling patterns of change over time to be observed.
Psychological effects were assessed with self-report questionnaires, which included scales for craving, state anxiety, positive and
negative affect, self-esteem, and mood. Exercise intensity was assessed with the Borg Rating of Perceived Exertion scale and a
heart rate monitor (Polar M200; Polar Electro Ltd). Cortisol was assessed in saliva before and 4 hours after the intervention.

Results: A total of 39 patients were included in the study. Data collection was completed in 2019.

Conclusions: We anticipate larger improvements in the intervention groups than among controls, indicating positive psychological
effects during and after exercise. The study will add clinically relevant information about the short-term psychological effects of
exercise in the treatment of substance use disorders, using activities that are easily accessible in different clinical settings.

Tr i a l  R e g i s t r a t i o n :  G e r m a n  C l i n i c a l  Tr i a l s  R e g i s t e r  D R K S 0 0 0 1 8 8 6 9 ;
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Introduction

Substance use disorders (SUD) have wide-reaching impacts on
health and well-being and contribute substantially to the global
disease burden [1]. They are associated with shorter life
expectancy, and comorbid medical conditions are common [2].
The prevalence of co-occurring personality and other psychiatric
disorders is high, with estimates ranging from 50% to 90% [3].
Mood and anxiety disorders are prevalent and affect both the
severity and outcome of treatment [4]. Current treatment options
for SUDs include cognitive behavioral therapy, motivational
interviewing, and medication. Although documented as
effective, these methods do not help all patients. Relapse rates
range between 40% and 60% [5], and dropout rates from
in-patient treatment is around 30% [6].

Despite their high prevalence, few people with SUDs ever
receive treatment, and there is a need for more treatment options
[7,8]. One potential explanation for poor help seeking is the
perceived stigma associated with traditional treatments [9,10].
Lifestyle-focused interventions have potential to increase help
seeking by reducing this stigma.

Physical activity has been suggested as an alternative or
complementary treatment option for SUDs [11-13]. The
rationale is that physical exercise might be effective due to its
beneficial effects on factors related to relapse and the
maintenance of the disorder, such as comorbid mental disorders,
craving, and emotional dysregulation [14-17].

Regular physical activity increases fitness and lowers the
probability of chronic diseases [18,19]. It has been proposed as
a strategy for alleviating symptoms of psychiatric disorders in
general [20,21], and its application in the mental health care
system is increasing. Regular physical activity has been shown
to be effective in the prevention and treatment of common
mental health conditions [22]. Studies also indicate that physical
activity alleviates symptoms in people suffering from severe
mental disorders [23]. Acute bouts of exercise have cognitive
and mood-enhancing benefits, including improved executive
functioning and lower state anxiety and stress reactivity [24,25].
The mechanisms behind the psychological benefits of exercise
in SUDs are not well established, but one tenable hypothesis is
that they are partly mediated by changes in the stress hormone
cortisol [24].

While the effects of exercise are well documented for common
mental disorders, there has been less research focus on SUDs.
Most studies have addressed the effect of chronic exercise
interventions on smoking cessation or alcohol misuse.
Long-term exercise programs might affect smoking behavior
[26] and lower tobacco cravings [27]. A meta-analysis of 21
exercise studies for alcohol use disorder concluded that, while
regular exercise did not seem to affect consumption, it had
beneficial effects on depression and physical fitness [28]. In
another meta-analysis, Wang et al [29] found that exercise was
associated with greater abstinence rates among illicit drug users
compared with those using alcohol and nicotine. The effect of
exercise on withdrawal symptoms, anxiety, and depression was
not moderated by the type of substance used. Colledge et al [30]
reviewed the effects of anaerobic exercise on SUDs. The results

were mixed, with some evidence of a positive effect on
abstinence from nicotine. No conclusions could be drawn
regarding the effects of exercise among illicit drug users.

One plausible explanation for the beneficial long-term effects
of an exercise program is that many single sessions have a
cumulative long-term benefit. Few studies have addressed the
short-term effects of physical activity in SUDs. A study of 45
regular smokers found that bouts of moderate and vigorous
exercise provided relief from withdrawal symptoms, while
moderate exercise relieved distress and improved mood [31].
Studies addressing alcohol urges or cravings show promising
results, with lower craving after low-to-moderate intensity
exercise [13,32]. Wang et al [33] studied the development of
craving for amphetamines and found a reduction in cravings
during and immediately after stationary cycle exercise. Results
suggest that the intensity of the exercise may affect craving,
with the lowest craving following moderate-to-vigorous exercise
[34].

The misuse of a single substance is exceptional in SUDs [35].
Whether acute exercise can benefit people with polysubstance
dependencies is unclear. Most studies have assessed aerobic
forms of exercise, often in laboratory conditions using stationary
bicycles [12,28]; little is known about other forms of exercise
in clinical settings. With some exceptions [25], psychological
benefits across different forms of exercise have not been
compared, and it is unclear how long the changes last following
a single exercise session. Studies have mostly used pre- and
postassessments only, which is a limitation.

To address these questions, we conducted a feasibility study to
compare the short-term effects of 3 different exercises (soccer,
circuit training, and walking) conducted in nonlaboratory
settings [36]. Findings suggested that moderately intense
exercise activities performed in natural settings may increase
mood, help attenuate drug cravings, increase positive affect,
decrease negative affect, and improve self-esteem. The results
were promising but need to be replicated with a larger sample
and a randomized design.

In this study, we are conducting a multicenter randomized
controlled trial to compare the short-term effects of 2 forms of
exercise (soccer and circuit training) with a control condition
(a lecture on the health benefits of physical activity) in
polydrug-dependent inpatients. We chose to compare the effects
of exercise to a nonexercising control group (lecture) instead
of a walking-based intervention, as previous studies have shown
that even light physical activity can have mood-enhancing
effects [37]. We are also performing biomarker analyses of
cortisol to better understand the underlying mechanisms.

Key research questions that will be addressed include (1) What
are the short-term effects of soccer and circuit training on mood
(primary outcome), drug craving, positive and negative affect,
state anxiety, and self-esteem in adults with SUD? (2) How
long do the effects last after the exercise sessions end? (3) Are
there differences between the two forms of exercise? (4) Do the
effects differ with the intensity of the exercise? and (5) Are the
study outcomes associated with changes in the stress hormone
cortisol?
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Based on previous studies [33,38], we hypothesize that there
will be positive psychological effects on the study outcomes
after exercise, with a reduction in craving and an improvement
in mood and affects. We expect to find larger improvements in
the intervention groups than in the control group.

Methods

We adhered to the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) guidelines in the
preparation of this protocol. The study will be reported
according to CONSORT (Consolidated Standards of Reporting
Trials) ethical guideline recommendations.

Ethics Approval and Consent to Participate
The trial is approved by the Regional Committee for Medical
and Health Research Ethics in South East Norway (2018/1275)
and was retrospectively registered with the German Clinical
Trials Register on November 11, 2019 (DRKS00018869).
Before inclusion in the study, participants were asked to sign
an informed consent form. All patients agreed to participate
voluntarily and were told they were free to withdraw from the
study at any time.

Setting and Participants
Inpatients from 4 treatment facilities were invited to participate.
The main site for the study was the Department of Addiction
Treatment - Adult, Division of Mental Health and Addiction,
Oslo University Hospital. In addition, 3 other treatment centers
were asked to participate (2 accepted): the Department of
Addiction Treatment - Youth, Oslo University Hospital; an
inpatient treatment center at the Division of Mental Health and
Addiction, Vestfold Hospital Trust; and the Blue Cross
Treatment Center, Slemdal, Oslo. The study was conducted in
a clinical setting, where the participants received treatment.

The treatment centers are staffed by medical doctors, nurses,
psychologists, and social workers. Treatment includes individual
and group counseling and pharmacotherapy. Patients participate
in structured group sessions and practice activities of daily
living, including routines for house cleaning, eating, and
sleeping. They receive individual sessions with psychologists,
doctors, and social workers and participate in team meetings
and social training. Physical exercise, including strength
training, ball games, walks, and running, are part of the usual
treatment program. Before admission to treatment, all patients
complete detoxification.

Recruitment took place at the treatment centers, where patients
were given information and invited to participate in the study
by members of the research group and a local project
coordinator. All participants were diagnosed with a SUD based
on the International Classification of Diseases, Tenth Revision
(ICD-10), were inpatients at one of the treatment centers, and
were 18 years or older.

Study Design and Randomization
This study is a short-term, multicenter randomized controlled
trial with a single pretest and multiple posttests. Using a
crossover design, changes in mood, craving, state anxiety, affect,
and self-esteem were assessed by comparing the initial
measurement (taken immediately before exercise) with 4
follow-up assessments, first immediately after exercise, then at
1, 2, and 4 hours postintervention. The design allows the pattern
of change over time to be seen.

Participants completed 3 sessions—2 supervised group exercise
sessions (soccer and circuit training) and 1 control condition
(attending a lecture about the health benefits of physical
activity)—within the same week. All the sessions were
performed in a group setting.

The order of the study conditions was determined by a random
number generator and placed in sealed envelopes at a site
separate from the study location. When a group of suitable
patients (5-10 patients) was recruited at a site, a sealed envelope
with the order of exercise and control conditions was drawn by
a person outside of the research group.

Procedure
Patients were invited to attend an information meeting, where
members of the research group explained the purpose of the
study in detail and handed out written information. To minimize
dropout, the recruitment took place a maximum of two weeks
ahead of the trial. A member of the research group visited the
treatment center 1 week before the study to answer questions.

After giving informed consent, eligible participants were
gathered to perform the interventions and assessments. These
sessions were undertaken on-site at the clinics starting at 9:30
AM on Monday, Wednesday, and Friday within one week. The
participants were asked to refrain from doing exercise on the
days of the trial and on the days in between the interventions
to give a 1-day washout period between the sessions. All
sessions lasted 45 minutes. During the week of the trial, all
participants received treatment as usual between the sessions.

The following exercise activities and control condition were
tested in random order: (1) indoor soccer, (2) circuit training in
a gymnasium using body weight, and (3) the control condition,
attending a lecture on exercise and mental health.

Across all trial days, the participants were advised to eat
breakfast about an hour before starting the trial. They were
advised to have a light meal or snack after training, have lunch
on all trial days, and keep hydrated throughout the day.
Participants were also asked to limit the use of caffeine and
nicotine during the test period. The flow of participants through
the trial is shown in Figure 1.
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Figure 1. Flow of participants through the study. SUD: substance use disorder.

Exclusion Criteria
Patients admitted to the treatment centers typically have
comorbid ICD-10 mental disorders. None of these served as
exclusion criteria as long as the participant was able to give
informed consent. All patients at the clinics were invited to join;
the only exclusion criterion was having a physical condition or
injury that would impede physical activity participation. Some
patients relapsed to substances during treatment. Patients who

were suspected to be under the influence of drugs were asked
to discontinue.

Measures

Background Information
Therapists collected background information about the
participants during an interview. The therapists filled in a
questionnaire covering sociodemographic and treatment-related
variables, ICD-10 substance use and mental disorders diagnosed
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during treatment, duration of problematic drug use, treatment
history, level of activity before admission, and attitude toward
physical activity. Height and weight were recorded. For most
participants, this was based on measures taken at the treatment
centers. A minority were self-reported.

Baseline and Follow-up Assessments
Mood (primary outcome), craving, affect, self-esteem, and state
anxiety were measured with self-report questionnaires. The
same questionnaires were repeated for baseline and follow-up
assessments. The questionnaires chosen could be completed in
5 minutes, were amenable to repeated administration, and had
sound psychometric properties.

The self-report questionnaires and saliva samples collected
immediately before the sessions were the baseline assessment.
Following the sessions, participants filled in self-report
questionnaires on 4 occasions: immediately after the session
and 1, 2, and 4 hours after the session. Immediately after the
exercise sessions, participants were also asked to rate the
perceived intensity. A saliva sample was gathered 4 hours after
all sessions. Figure 2 illustrates the SPIRIT figure, study
measures, and assessment time points.

Self-report measures were (1) the Feeling Scale, (2) drug
craving, (3) the Positive and Negative Affect Schedule
(PANAS), (4) the Rosenberg Self-Esteem Scale, (5) state
anxiety, and (6) the Borg Rating of Perceived Exertion (RPE)
scale.

First, changes in mood related to exercise were assessed with
the Feeling Scale [39] (primary outcome), a single-item Likert

scale ranging from –5 (very bad) to 5 (very good). Participants
were instructed to indicate how they felt “at this moment.” The
scale has been used extensively in acute exercise studies [40].

Second, drug craving was assessed using a single-item visual
analog scale (VAS) ranging from 0 (no craving for drugs) to 10
(strong craving for drugs). Participants were instructed to
indicate how strong their craving for drugs felt “at this moment.”
The instrument has been used in previous studies of acute
exercise [41] and it was tested in our recent pilot study [36],
where it was shown to be sensitive to change.

Third, the PANAS assesses 2 dimensions of affect [42].
Participants self-rate 20 items on a 5-point Likert scale ranging
from 1 (very slightly/not at all) to 5 (extremely). Ten of the
items represent positive affect and the others represent negative
affect.

Fourth, self-esteem was measured using the 10-item Rosenberg
Self-Esteem Scale [43], which measures global feelings about
oneself (that is, both positive and negative feelings). All items
are answered using a 4-point Likert scale ranging from strongly
agree to strongly disagree.

Fifth, state anxiety was assessed by a single-item VAS-scale
ranging from 0 (no anxiety) to 10 (intensive anxiety/full panic).

Sixth, the Borg RPE scale [44] was administered 5 minutes after
each exercise session to assess how strenuous the exercises were
perceived by participants. The single-item scale ranges from 6
(no exertion at all) to 20 (maximal exertion).

Figure 2. SPIRIT figure, study measures, and assessment time points. FS: Feeling Scale; HR: heart rate; PANAS: Positive and Negative Affect Schedule;
RCT: randomized controlled trial; RPE: Rating of Perceived Exertion; RSES: Rosenberg Self-Esteem Scale; VAS: visual analog scale.

Device-Based Assessment of Physical Activity
In addition to collecting self-reports on how strenuous the
exercises were perceived to be, data on the average and

maximum heart rate were collected using a heart rate monitor
(Polar M200; Polar Electro Ltd) during all of the conditions.
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Biomarkers
Cortisol level was measured immediately before and 4 hours
after the interventions. Saliva samples were collected using
cotton swabs (Salivette; Sarstedt Inc). Collected samples were
stored in a freezer until the end of the study. The cortisol level
in saliva will be measured by liquid chromatographic–tandem
mass spectrometry. The analyses will be performed at the
Hormone Laboratory at Oslo University Hospital.

Consistent with Salivette recommendations, participants were
asked not to eat or drink, use tobacco, or brush their teeth 60
minutes before the saliva samples were taken.

Exercise Interventions
The aerobic and anaerobic exercises included in the study were
chosen on the basis of participant feedback given during the
pilot study. All exercise sessions were supervised by a qualified
staff member, a nurse with formal education in physical activity
for people with mental health and addiction disorders.

Soccer
Soccer was played with 5 participants on each team, including
the goalkeeper. It was arranged in gyms that the treatment
centers normally use for physical activity sessions. The
participants were randomly divided into 2 teams. If fewer than
10 patients participated in the study at one site, staff from that
treatment center were asked to join. The field was 20 × 40 m
and the goal was 3 × 2 m.

Participants were asked to play a friendly match where goals
were counted. They were told their soccer competency was not
important and that all participation in the match was valuable
for the team, and they were asked to try to give it their best. The
match lasted for 45 minutes, with a 2-minute break after 15 and
30 minutes.

Circuit Training
Circuit training was performed in the same gymnasium as the
soccer intervention. Due to the low cost and limited need for
equipment, we used body weight exercises only. Participants
completed 4 circuits consisting of 8 individual exercise stations.
They spent 40 seconds exercising at each station, then 20
seconds resting before transitioning to the next station. Between
each circuit there was a 2-minute rest. As participants were new
to the training environment, the first circuit took slightly longer
to complete. Thus, the average duration of training for most
participants was 45 minutes (42-48 minutes). The 8 exercises
were air squats, inch worms, bench dips, frog jumps, sit-ups,
push-ups, walking lunges, and back extensions.

During the first circuit, participants performed the exercises
together to make sure they did them correctly. This circuit
functioned as a warm-up and was undertaken at lower intensity.
If a participant had a physical disability or was restricted from
performing an exercise, an alternative or adjusted exercise was
substituted. Participants were asked to give their best effort at
each station and to perform as many repetitions as they could
within 40 seconds. They were also told that if the exercises felt
easy, they should try to increase the number of repetitions,
whereas if they felt they were too strenuous, they could decrease
the number.

Control Condition
Participants attended a 45-minute lecture with a PowerPoint
(Microsoft Corp) presentation on the benefits of physical activity
for physical and mental health. The lecture format was similar
to what the patients would normally receive during conventional
treatment. The lecture was given by a member of the research
group in a meeting room at the treatment centers.

Adherence
A member of the research group was on-site during the
interventions to remind participants about the assessment times
and to motivate them to participate in the conditions. The same
staff member was also available to answer any questions about
the questionnaires.

Statistical Analyses and Power Calculation
Statistical power was estimated using G*Power (version 3.1.9.7;
Heinrich-Heine-Universität Düsseldorf). Parameters were based
on results from our feasibility study [36] and also took into
account previous studies demonstrating medium effect sizes for
acute exercise on mood states [38,45]. Assuming an effect size
of 0.3 and power (β) of .8, with 3 groups and 5 measurement
points, we estimate needing at least 21 participants to test our
hypotheses. We planned to include one group of 5 to 10
participants from each site, which would give us 20 to 40
participants. Due to the experimental study design and the
inclusion of only inpatients, we anticipate minimal missing data.
Descriptive data will be calculated for each measure. Changes
over time will be assessed using mixed (group × time)
repeated-measures analysis of variance with post hoc contrasts.
If participants return questionnaires with missing data, the
missing items will be imputed using the last observation carried
forward method. If questionnaires are returned with more than
50% of data missing, the questionnaire will be excluded from
the analysis.

Safety, Data Management, and Confidentiality
During the trial, all patient data will be kept in a secure room
accessible only by the research group. All data will be
deidentified and treated according to the standards set by the
Norwegian Data Inspectorate (Datatilsynet), in compliance with
the Health Research Act and the Personal Data Act.

Results

Data collection was completed in August 2019. In total, 39
patients admitted at 3 treatment centers participated in the study.
Data will be analyzed during 2020.

Discussion

Many SUD clinics have begun to implement physical activity
as part of routine inpatient treatment due to its reported benefits.
This study on acute exercise will add clinically relevant
information about the short-term effects of soccer and circuit
training on mood, craving, state anxiety, and self-esteem in this
population. Most previous studies have performed pre-exercise
and postexercise assessments only. The current study will add
information on how the effects develop beyond the immediate
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cessation of exercise. The activities in the study are readily
available, inexpensive, and popular in the general population.
If the interventions are effective, they can easily be integrated
into different clinical settings, for both inpatients and
outpatients, and adapted to the participant’s fitness level.

The study is designed to reflect the clinical realities of inpatient
treatment for SUDs. Typically, patients use multiple substances
[3,35]. The inclusion of patients with comorbid SUD and mental
disorders will give the study a high ecological validity but might
also make the results difficult to interpret. Different drugs and
various mental disorders might be affected in different ways by
the interventions. Gathering information on the participants’
co-occurring disorders will potentially enable subgroup analyses
to differentiate exercise effects in those with different
combinations of substance and mental health problems.

Craving is highly relevant in clinical settings, even though the
nature of it and the items included in instruments that assess
craving have been debated [15,46,47]. By using a single-item
scale, it will not be possible to capture changes in different
aspects of craving. The participants might have different
perceptions of craving, varying from a subjective desire to
consume a substance to various bodily sensations. This is a
potential limitation. However, previous studies assessing acute

craving have used single-item VAS scales [48,49]. As the aim
of the present study is to assess changes in participants’ overall
subjective experience of craving and whether exercise can help
attenuate it, we believe that a single-item scale can adequately
capture this.

Using saliva samples is a noninvasive method for assessing
cortisol levels. There is no need for medical staff, and saliva
can be stored at room temperature for several hours before
freezing. The drawback of saliva cortisol (versus serum cortisol)
is that the use of tobacco and the presence of blood in the
samples may lead to falsely elevated cortisol levels [50]. To
control for this, the laboratory will not analyze samples with
traces of blood. Samples with cortisol levels above reference
levels will be excluded from analysis.

Dropout rates from treatment studies of SUDs are often high
[6,28]. To minimize the risk of dropout, a member of the
research group visited the treatment center 1 week before the
study to answer questions. The recruitment took place a
maximum of two weeks ahead of the trial. We tried to minimize
dropout by keeping the overall intervention period short and
integrating the interventions into the usual treatment routines
at the treatment centers. This also minimized interference in the
patients’ usual treatment.
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Abstract

Background: Sarcopenia is the age-related loss of skeletal muscle mass and function and may exist in early middle age. Previous
research in this area has focused on resistance training in older individuals; however, there is a lack of intervention trials in
middle-aged adults with low relative appendicular lean soft tissue mass who may be at risk for sarcopenia in older age.

Objective: This randomized controlled trial aims to determine the effects of a high-intensity interval aerobic resistance training
intervention on appendicular lean soft tissue mass in middle-aged adults with low relative appendicular lean soft tissue mass.

Methods: We will conduct a 40-week, single-blinded randomized controlled trial in 84 middle-aged adults with low appendicular
lean soft tissue mass in the wider Dunedin area, New Zealand. We will randomly allocate participants to receive either a group-based,
20-week high-intensity interval aerobic resistance training intervention program or a single, 60-minute education session on
current exercise recommendations. After the first 20 weeks, both groups will be given a 20-week home program. The study will
assess primary and secondary outcome measures, including body composition (regional and whole-body lean soft tissue mass,
fat mass, percentage body fat, measured by dual x-ray absorptiometry), blood biomarkers (cortisol, creatinine, C-reactive protein,
lipid profile, hemoglobin), physical fitness (maximum oxygen consumption, blood pressure), physical activity (accelerometry),
physical function (handgrip strength, sit-to-stand, gait speed, quadriceps strength), and self-reported questionnaires (health
outcomes, self-efficacy, perceived enjoyment of physical activity, and multifactorial lifestyle), at baseline, 20 weeks, and 40
weeks. Physical function and self-reported questionnaires will also be measured at 10 weeks. We will assess the primary outcome
measure, total body lean soft tissue mass, at baseline, 20 weeks, and 40 weeks. Analyses will be performed using intention-to-treat
principles, comparing the outcomes resulting from the intervention, using linear mixed models.

Results: We obtained ethical approval for this study from The University of Otago Human Ethics Committee on December 10,
2018. Participant recruitment started on February 11, 2019 and was completed on May 14, 2019. Data collection started on
February 25, 2019 and was completed on February 28, 2020. We expect to publish the results in January 2021.

Conclusions: High-intensity interval aerobic resistance training is a time-efficient form of exercise, enabling busy middle-aged
adults to meet physical activity recommendations while maximizing training results. The findings can inform the development
of future prevention-focused interventions aimed at counteracting the high prevalence of sarcopenia in the aging population.

Trial Registration: Australian New Zealand Clinical Trials Registry (ACTRN12618001778279); https://tinyurl.com/y555z6fz.

International Registered Report Identifier (IRRID): DERR1-10.2196/22989

(JMIR Res Protoc 2020;9(10):e22989)   doi:10.2196/22989
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Introduction

Background
Sarcopenia is the age-related loss of skeletal muscle mass and
function [1]. Due to the gradual decline in muscle mass with
age, the focus of research into this disease thus far has mainly
been in those over 60 years of age [1]. However, the progressive
loss of skeletal muscle mass and strength begins in middle age,
and evidence demonstrates that abnormal body composition is
apparent before the age of 50 years [2,3]. If abnormal body
composition is already present in early middle age, then
implementing lifestyle interventions in younger age groups may
mitigate the trajectory to low physical function, frailty, and
premature death in later life. This could have important public
health implications, as older people with sarcopenia are
consistently reported to have lower physical function, overall
health, and survival than people with normal body composition
[4]. Also, low physical activity is common as people grow older
[5], increasing the risk for sarcopenia [6].

Two recently published systematic reviews concluded that
exercise therapy, with or without combined dietary interventions
or supplementation, can be an effective treatment for older adults
with sarcopenia [7,8]. However, Yoshimura et al concluded that
more high-quality randomized controlled trials (RCTs) are
required to confirm these results [7]. To the best of our
knowledge, only 3 trials have been conducted in older adults
with low muscle mass. A 10-week resistance training program
was effective for maintaining functional strength and increasing
muscle mass in men and women aged 70 years with low muscle
mass [9]. This intervention included moderate- to high-intensity
resistance training, where intensity was measured using the
Borg CR10 scale, with participants rating their perceived
exertion between 6 and 7 out of 10 [9]. Participants performed
8 exercises with the aim of engaging muscle groups in the whole
body [9]. In another study, a 12-week multicomponent exercise
program improved physical function in sarcopenic or
presarcopenic individuals (≥60 years of age) [10]. The
intervention consisted of resistance training, balance, flexibility,
and aerobic exercises and participants determined their
individual resistance load as 12 to 14 on the Borg scale [10].
Finally, a 6-month home exercise program improved physical
function in 52 community-dwelling individuals (≥60 years of
age) with low muscle mass or sarcopenia [11]. The home
program consisted of a combination of walking (20-30 minutes
per day) and lower limb resistance exercises (6× squats,
1-minute single-leg standing and 20× heel raises) [11]. To date,
to our knowledge, no interventions have been conducted in
middle-aged adults with low relative appendicular lean soft
tissue mass.

High-intensity interval training (HIIT) was within the top 3
fitness trends for 2016 and is reported to be safe and well
tolerated, with adherence that exceeds steady state training [12].
In addition to better adherence, different forms of HIIT are time
efficient and provide aerobic fitness and health benefits similar

to or better than traditional steady state training [12]. HIIT
workouts are usually short and involve aerobic high-intensity
exercises, accumulated through short bursts of activity [13].
These short bouts of activity often last between 1 and 4 minutes
with a recovery phase between the bouts [13]. A metareview
of 33 systematic reviews, including studies across the lifespan,
showed that HIIT improved cardiorespiratory fitness,
anthropometric measures, blood glucose and glycemic control,
arterial compliance and vascular function, cardiac function,
some inflammatory markers, and exercise capacity, and
decreased heart rate (HR) and increased muscle mass compared
with nonactive controls [14]. Different forms of HIIT have been
proven safe in different patient populations, including cardiac
rehabilitation patients [15,16] and patients with type 2 diabetes
[17], rheumatoid arthritis [18], and cancer [19].

To date, to our knowledge, only a few studies have investigated
the effects of HIIT on sarcopenia. A recent study in older
sedentary adults demonstrated that a combination of HIIT and
increased protein intake resulted in a greater increase in
mitochondrial content compared with a nonexercise control
group, helping to preserve oxidative capacity and slow the
process of sarcopenia [20]. The protocol consisted of 5 intervals
of 1 minute of stationary cycling at 85% of maximal load

reached during maximum oxygen consumption ( O2max)
[20]. Another study demonstrated that HIIT can improve skeletal
muscle vascularization in older men [21]. The protocol as
proposed by Leuchtmann et al consisted of 12 weeks of HIIT
followed by 12 weeks of progressive resistance training [21].
The HIIT protocol consisted of seven 1-minute intervals of
stationary cycling at 85% of the participants’ peak power [21].
The resistance training consisted of 3 sets of leg extensions, leg
press, and squats with a 3-minute rest between sets [21]. After
each HIIT and resistance training session, participants received
a drink containing 30 g of whey protein [21]. In animal models,
HIIT led to a greater muscle mass, larger muscle fiber size, and
an increase in mitochondrial biomass in old, sarcopenic, and
frail mice compared with nonexercise controls [22]. This
research agrees with a study comparing moderate-intensity
continuous training versus HIIT in middle-aged rats, showing
that HIIT was better at mitigating age-related sarcopenic
physiological processes such as oxidative stress and
inflammation [23].

The majority of high-intensity training protocols conducted in
sarcopenic individuals have been in older adults and are aerobic
based. Thus, the opportunity for muscle mass development may
be limited. A newer form of high-intensity training using circuit
training has recently been proven effective in improving both
body composition and strength measurements in middle-aged
men and women (50-65 years of age) [12]. In the study by
Greenlee et al, 3 center-based trainings a week with at least one
day of rest between sessions for 16 weeks, improved muscle
mass and muscle strength [12]. The program started with a
warm-up and was followed by high-intensity cardioresistance
training of 3 sets of 3 to 4 resistance training exercises followed

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e22989 | p.121http://www.researchprotocols.org/2020/10/e22989/
(page number not for citation purposes)

Vlietstra et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


by a set of rope jumping, 4 minutes of high-intensity
cardiorespiratory exercises, and 3 sets of 2 to 4 resistance
exercises [12]. These exercises were followed by 5 to 15 minutes
of whole-body training and 5 to 10 minutes of yoga-inspired
flexibility training [12]. HR averaged more than 80% of
maximum HR throughout the sessions, and participants spent
66% of the exercise sessions between vigorous and maximal
training zones [12].

Objective
Despite the positive effects of the study by Greenlee et al, to
our knowledge, no high-intensity aerobic resistance training
(HIART) intervention studies have been conducted in
middle-aged adults with low relative lean soft tissue mass.
Therefore, the primary aims of this research are to determine
whether HIART can increase lean soft tissue mass and whether
these changes can be maintained in the long term. Secondary
aims include investigating the effect of HIART on biomarkers
of sarcopenia, physical fitness, physical activity, physical
function, physical activity enjoyment, self-efficacy, and
adherence.

Methods

Study Design and Setting
The HIIT Your Exercise Target is a single-blinded RCT testing
the effectiveness of a 20-week high-intensity interval circuit
training intervention on appendicular lean soft tissue mass. We
obtained ethical approval for this study from The University of
Otago Human Ethics Committee (H18/131) and registered it
(ACTRN12618001778279). All participants will provide written
informed consent in accordance with the Declaration of Helsinki.
This community-based study will be conducted in the
Department of Medicine, University of Otago, Dunedin, New
Zealand, with training sessions carried out in the Southern
District Health Board staff gymnasium, Dunedin.

Recruitment and Eligibility Criteria
We will recruit sedentary but otherwise healthy participants
aged between 40 and 50 years through flyers, community
webpage postings, electronic bulletin boards, and local
newspapers. Interested people will be directed to complete an
online screening questionnaire. Participants will be prescreened
for exclusion criteria, exercise safety, and their weekly amount
of physical activity. We will deem participants to be eligible to
attend a screening appointment if their self-reported physical
activity level is below the minimum weekly current exercise
recommendations [24]; they do not take medications known to
affect body composition or HR; they are not diagnosed with
moderate or severe hypertension; they are not pregnant or
breastfeeding, or planning on becoming pregnant during the
intervention; they are not previously diagnosed with or have
symptoms of cardiovascular disease or other serious medical
condition; they do not weigh more than 159.9 kg (weight limit
of the dual energy x-ray absorptiometry [DXA] scanner); they
do not live outside of metropolitan Dunedin; and they are able
to communicate in English or te Reo Māori. Further exclusion
will occur for exercise safety (see the Exercise Safety Screening
subsection below). Participants will receive the information

sheet and will be given 2 days to decide if they are willing to
participate.

Exercise Safety Screening
Participants will undergo medical screening, as part of the
screening questionnaire, to allow identification of those at high
risk of an adverse event during high-intensity exercise. We will
do individual medical screening, following the guidelines as
proposed by the American College of Sports Medicine/American
Heart Association. High-risk participants will be excluded after
the online screening questionnaire. All other participants,
including medium-risk participants, will be monitored with a

12-lead electrocardiogram (ECG) during the O2max test at
their first screening appointment. All ECGs will be assessed by
an experienced cardiologist and require approval before the
participant can enter the study.

Screening Appointment
Potentially eligible participants will attend 2 appointments as
part of the screening process. During the first appointment, a
blood sample will be taken, the participant will undergo a total
body DXA scan to measure body composition and they will

undergo a O2max test on a stationary bicycle (see outcome
measures below for more detail). At the end of the first
appointment participants will receive an accelerometer
(ActiGraph ) to wear for 7 days and nights to assess physical
activity (see outcome measures for more detail). Participants
will be emailed a weblink and will be asked to fill out several
questionnaires on demographics, generic health outcomes,
self-efficacy, physical activity enjoyment, and lifestyle (see
outcome measures for more detail).

During the second appointment, 8 days after the first
appointment, we will assess gait speed, 30-second sit-to-stand,
hand grip strength, and maximal isokinetic and isometric
strength of the quadriceps (see outcome measures for more
detail). We will apply further exclusion criteria at this point.
We will use sex-specific, height squared adjusted cutoff scores
as proposed by Prado et al, to classify low appendicular lean
soft tissue mass index (ALMI) measured by DXA [25]. Females

with an ALMI greater than 7.72 kg/m2 and males with an ALMI

greater than 9.59 kg/m2 will be excluded.

Blinding, Randomization Methods, and Allocation
Concealment
Figure 1 shows the study flow. Following the screening
assessments eligible participants will be randomly allocated to
either a control group or HIART group at a 1:1 allocation ratio.
Stratified block randomization allocation sequence will be
generated in REDCap (REDCap Consortium) and will be used
to automatically randomly allocate participants to groups of
equal sample size, stratified by sex, age and BMI. The block
sizes and allocation sequence will not be disclosed to ensure
concealment. The investigator collecting the data will feed data
into the computer in separate datasheets, which will be
anonymized by a different investigator, to ensure that all other
investigators, including lab technicians, cardiologist and the
primary investigators remain blinded to the treatment allocation.
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Statistical analysis will be performed using the anonymized datasets to ensure masking to treatment allocation.

Figure 1. Study design flow diagram. DXA: dual energy x-ray absorptiometry; HIART: high-intensity interval aerobic resistance training; <inline-graphic
xlink:href="researchprotocols_v9i10e22989_fig3.png" mimetype="image" xlink:type="simple"/>O2max: maximum oxygen consumption.

Intervention

Control Group
The control group will receive education on current exercise
recommendations during a 60-minute group session, provided
by a physiotherapist. We will define current exercise

recommendations as proposed by the World Health
Organization: adults aged 18 to 64 years should do at least 150
minutes of moderate-intensity aerobic physical activity
throughout the week, or at least 75 minutes of vigorous-intensity
aerobic physical activity, or an equivalent combination of
moderate- and vigorous-intensity activity [24]. Following the
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20-week intervention, the control group will be offered 3 weeks
of supervised exercise, where they are taught how to perform
HIART. After 3 weeks, they will be given access to the
remainder of the 20-week home program. We will design the
home program specifically for this study and it will be viewable
with protected YouTube links.

High-Intensity Interval Training Group
The intervention includes a 40-week RCT of HIART. The
40-week intervention involves 20 weeks of training followed
by a 20-week follow-up. Each training session will start with a
warm-up, followed by HIART, and finishing with a cooldown.
HIART involves 3 phases, as follows.

The first is a power phase consisting of 2 whole-body exercises,
performed for 20 seconds each with maximum intensity,
followed by 10 seconds of rest and repeated 8 times. Between
each whole-body exercise will be a 1-minute rest. Exercises
include jumping jacks, skaters, burpees, and numerous other
calisthenics varied by session.

The second is a cycling phase, which will be based on the
3-minute all-out protocol as proposed by Gillen et al [26]. We
will use stationary spin bikes for this phase (4000GT Spin Bike;
AeroSpin). The cycling phase will begin with a 2-minute
warm-up, followed by 2 times 4 sets of 20-second all-out sprints
interspersed with a 1-minute recovery, followed by a 2-minute

cooldown. Participants will be encouraged to increase wattage
when appropriate.

Third is a resistance phase consisting of 2 resistance exercises
with or without free weights. The resistance exercises will target
major muscle groups. Exercises will be performed as supersets
(antagonistic muscle groups), compound sets (same muscle
group[s]), or staggered sets (noncompeting muscle groups; eg,
upper and lower body). Participants will perform each exercise
8 times for 20 seconds, followed by a 10-second rest.

Participants will complete all exercises as a circuit with a
1-minute rest between exercises. Training load will be
self-selected, but participants will be encouraged to choose a
weight or resistance that will ensure that their HR reaches 85%
of maximum HR during the high-intensity peaks and does not
drop below 60% of maximum HR during the low-intensity
periods in the power and cycling phases. All training sessions
will be group based, with a maximum of 9 people in each group.
Experienced staff with extensive background in group fitness
will lead every exercise class. At the end of the 20-week exercise
intervention, participants will be given access to the 20-week
home program to complete sessions at home.

Outcome Assessments
We will conduct outcome assessments at T0 (baseline), T1
(midpoint of intervention, 10 weeks), T2 (end of intervention,
20 weeks), and T3 (end of follow-up, 40 weeks) (Figure 2).
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Figure 2. Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) diagram. HIART: high-intensity interval aerobic resistance
training.

Anthropometry and Body Composition
We will assess body composition by a Lunar Prodigy DXA
(Lunar Prodigy; GE Medical Systems) and analyze the results
with standard software (Lunar enCORE version 16). The regions
of interest for regional body composition will be defined using
the software provided by the manufacturer. The scanner will be
calibrated daily with phantoms for quality assurance. The
laboratory coefficients of variation for repeat in vivo scans in
adults in our laboratory are 1.8% for total fat mass, 1.8% for
percentage fat, and 1.0% for bone-free lean tissue mass. We
will measure height with a fixed stadiometer (Harpenden
stadiometer; Holtain, Ltd) and weight with an electronic scale
(Seca electronic scale; Seca Corp), both with participants
wearing light clothing and with no shoes. Waist circumference
will be measured at the top of the iliac crest, upper arm
circumference will be measured halfway up the upper arm, and

thigh circumference will be measured halfway up the upper leg,
with nonelastic tape.

Biomarkers
We will measure cortisol, creatinine, C-reactive protein, lipid
profile, and hemoglobin by venous blood draw. Blood will be
collected at baseline and postintervention. All blood tests will
be analyzed by Southern Community Laboratories, Dunedin,
New Zealand, using standard procedures. We chose these
biomarkers based on previous literature suggesting they are
involved in the physiological processes of sarcopenia. A relative
increase in cortisol may increase muscle catabolism [27].
Creatinine is a breakdown product of creatine phosphate in
muscle and its serum levels are therefore proportional to muscle
mass [28]. The literature has demonstrated that inflammatory
cytokines (such as C-reactive protein) activate many of the
molecular pathways involved in sarcopenia, which could lead
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to an imbalance between protein synthesis and catabolism [29].
Cholesterol is an essential component of biological membranes
and signaling pathways involved in the adaptation of muscle
mass to exercise training [30]. Hemoglobin affects the structure
and quality of muscle connective tissue through collagen
synthesis [31]. Hemoglobin is a marker of nutritional status and
has been found to be low in older individuals with sarcopenia
[31].

Physical Fitness
Participants will perform maximal incremental exercise tests
on a cycle ergometer (Model E100 P; COSMED) while blood
pressure and metabolic variables (Quark Cardiopulmonary
exercise test; COSMED) are monitored and measured. During
the first exercise tests we will also measure 12-lead ECG.
Resting HR and resting blood pressure will be measured in
seated position before the test. Metabolic measures refer to the
volume and gas concentrations of inspired and expired air. The
protocol will start at 50 W and will be increased at a magnitude
of 25 or 50 W (individualized for each participant) every 2
minutes until volitional exhaustion. We will determine the

O2max, calculate maximum HR as the highest obtained HR,
and calculate the HR reserve as the maximum HR minus resting
HR.

Physical Activity
We will measure physical activity (counts per minute) over 7
days by using an accelerometer attached to a waist strap
(GT3X+; ActiGraph). Participants will be asked to wear the
accelerometer continuously for 24 hours and physical activity
will be analyzed after sleep has been identified and removed.

Physical Function
We will measure hand grip strength, gait speed, 30-second
sit-to-stand, and quadriceps strength to determine physical
function. All physical function measurements will be conducted
using standardized encouragement and explanation.

Hand Grip Strength
We will measure grip strength using a Saehan model hydraulic
hand dynamometer (MSD Europe bvba). The participant will
be asked to remove watches, rings, or bracelets and will be given
the dynamometer in their dominant hand seated with their back
supported by the backrest. Grip strength will be measured with
elbows at their side and their elbows at a 90° angle with thumb
placed vertically and their feet flat on the floor. Grip strength
will be measured in triplicate for each hand, with a 1-minute
rest between each test. We will record an average of the 3 trials
to determine grip strength.

Gait Speed
The participant will be asked to walk down a hallway through
a 1-m zone for acceleration, a central 5.5-m testing zone, and
a 1-m zone for deceleration. The participant will be asked to
walk down the testing zone at normal gait speed and as fast as
possible without running, and not to slow down before the 5.5-m
mark. Normal gait speed and maximal gait speed will be
recorded once.

30-Second Sit-to-Stand Test
We will measure lower extremity strength and endurance with
the 30-second sit-to-stand test. The participant will be asked to
sit in a standardized chair (a 43-cm high chair, without arm
rests, placed against the wall) and asked to sit in the middle,
back straight, feet approximately hip width apart and placed
flat on the floor, with knees 90° flexed. If needed, one foot can
be placed slightly in front of the other to help maintain balance.
The participant will be asked to stand and sit as many times as
possible in 30 seconds keeping their arms crossed against the
chest and instructed to fully sit down between each stand. We
will record the number of correct sit-to-stands performed in 30
seconds.

Quadriceps Strength
We will measure isokinetic and isometric strength of the
quadriceps muscle in both legs using an isokinetic dynamometer
(Biodex Corporation). Participants will be seated on the
dynamometer with a hip angle of 90° flexion stabilized with
thigh and pelvic straps. The chair will be positioned so that the
medial condyle of the knee is centered with the axis of the
dynamometer with little or no gap behind the knee and the edge
of the seat. The lower leg will be secured and the calf pad will
be placed 5 cm proximal to the lateral malleolus. The range of
motion will be set so as to obtain maximal speed during the
isokinetic tests (from 90°of knee flexion to –5° of full knee
extension) and at 60° for the isometric tests. Prior to each test,
the participants will be given the opportunity to become familiar
with the procedures and to warm up, by doing 10 submaximal
contractions and 2 maximal contractions. For the test, 6 maximal
concentric reciprocal contractions and 3 maximal muscle
contractions held for 5 seconds will be completed with a
3-minute rest between.

Questionnaires
We will obtain demographic information (age, sex, education,
ethnicity, employment, income) at baseline using the relevant
New Zealand census questions. To measure generic health
outcomes from the participant’s perspective, we will use the
12-item Short-Form Health Survey (SF-12) [32]. To measure
exercise self-efficacy, we will use the 18-item Exercise
Self-Efficacy Scale (ESES) [33]. We will use the 18-item
Physical Activity Enjoyment Scale (PACES) to measure
perceived enjoyment of physical activity [34]. To assess lifestyle
from a multifactorial perspective, we will use the Lifestyle
Appraisal Questionnaire (LAQ) [35]. After the 20-week
intervention period, we will measure satisfaction and obtain
feedback information from the participants by asking the
participants, anonymously, to fill out an evaluation
questionnaire.

Termination Criteria
In the event of chest discomfort, failure of HR to increase
normally with increased workload, light-headedness, severe
fatigue, and shortness of breath, which are all abnormal
responses to exercise, we will advise the participant to
discontinue that exercise session. If symptoms continue for
longer than 24 hours, the participant will be referred to their
general practitioner. If symptoms are recurrent or take longer
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than 24 hours to resolve, the participant will be withdrawn from
the study.

Adherence
Strategies to improve adherence will include group-based
participation [36], individualized exercise goals, flexibility in
rescheduling to another session online, and the use of reminders.
We will monitor participation adherence using attendance
checklists. Adherence to the set HR goals will be monitored by
recording the participants’ HR throughout the exercise sessions
using HR monitors (Polar RC3; Polar Electro Oy). Adherence
to the home program will be monitored with a self-reported
physical activity diary.

Sample Size
Based on a standard deviation of 1.9 kg and an effect size f of
0.39 (obtained from previous literature [37]), our study has 95%
power using a 2-sided 5% level of significance to detect
clinically meaningful differences in lean soft tissue mass of 1.5
kg between the intervention and the control group with 35
participants per group. We will aim to recruit 84 participants
(42 per group), which allows for 15% dropout or unusable data.

Statistical Analysis
All analysis will be conducted in Stata version 15 (StataCorp
LP) using the principles of intention-to-treat analysis. We will
use descriptive statistics to characterize the groups at baseline.
The intention-to-treat analysis for this study will include all
participants, including those who are not fully compliant and
those with missing outcome data. The primary outcome will be
the change in total body lean soft tissue mass. Secondary
outcomes include changes in physical fitness, muscle strength,
physical function, and blood biomarkers. The primary analysis
will compare the primary and secondary outcomes resulting

from the intervention, using linear mixed models to model
outcomes at T1, T2, and T3 adjusted for baseline values.
Standard mixed-model diagnostics will be performed. Group
differences will be presented in the form of mean differences
for continuous outcomes and an odds ratio for binary outcomes,
with their associated 95% confidence intervals.

Results

We obtained ethical approval for this study from The University
of Otago Human Ethics Committee on December 10, 2018. The
project is supported by a University of Otago Research Grant
and a Dunedin School of Medicine Dean’s Bequest Fund
(January 2019 to March 2020). Patient recruitment started on
February 11, 2019 and was completed on May 14, 2019. Data
collection started on February 25, 2019 and was completed on
February 28, 2020. We enrolled 82 participants. Data analysis
is underway and we expect to publish results in January 2021.

Discussion

HIART may have substantial benefit, including improving body
composition, strength, and fitness, in middle-aged adults with
low lean soft tissue mass. HIART is a time-efficient form of
exercise, enabling busy middle-aged adults to meet physical
activity recommendations while maximizing training results.

This RCT is rigorously designed, allowing conclusions to be
formed about the acceptability and effectiveness of a supervised,
group-based HIART intervention in middle-aged adults with
low lean soft tissue mass. The findings can inform the
development of future prevention-focused interventions aimed
at counteracting the high prevalence of sarcopenia in the aging
population.
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Abstract

Background: Universal tobacco-prevention programs targeting youths usually involve significant adults, who are assumed to
be important social influences. Commitment not to use tobacco, or to quit use, as a formal contract between an adolescent and a
significant adult is a preventive model that has not been widely practiced or explored and has been formally evaluated even less.
In this paper, we present the rationale and protocol for the evaluation of the Swedish Tobacco-free Duo program, a multicomponent
school-based program the core of which rests on a formal agreement between an adolescent and an adult. The adolescent’s
commitment mainly concerns avoiding the onset of any tobacco use while the adult commits to support the adolescent in staying
tobacco free, being a role model by not using tobacco themselves.

Objective: To assess (1) whether Tobacco-free Duo is superior to an education-only program in preventing smoking onset
among adolescents and promoting cessation among their parents, (2) whether exposure to core components (adult-child agreement)
entails more positive effects than exposure to other components, (3) the impact of the program on whole school tobacco use, (4)
potential negative side effects, and (5) school-level factors related to fidelity of the program’s implementation.

Methods: A mixed-design approach was developed. First, a cluster randomized controlled trial was designed with schools
randomly assigned to either the comprehensive multicomponent program or its educational component only. Primary outcome
at the adolescent level was identified as not having tried tobacco during the 3-year junior high school compulsory grades (12-15
years of age). An intention-to-treat cohort-wise approach and an as-treated approach complemented with a whole school repeated
cross-sectional approach was devised as analytical methods of the trial data. Second, an observational study was added in order
to compare smoking incidence in the schools participating in the experiment with that of a convenience sample of schools that
were not part of the experimental study. Diverse secondary outcomes at both adolescent and adult levels were also included.

Results: The study was approved by the Umeå Regional Ethics Review Board (registration number 2017/255-31) in 2017.
Recruitment of schools started in fall 2017 and continued until June 2018. In total, 43 schools were recruited to the experimental
study, and 16 schools were recruited to the observational study. Data collection started in the fall 2018, is ongoing, and is planned
to be finished in spring 2021.

Conclusions: Methodological, ethical, and practical implications of the evaluation protocol were discussed, especially the
advantage of combining several sources of data, to triangulate the study questions. The results of these studies will help revise
the agenda of this program as well as those of similar programs.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN) 52858080;
https://doi.org/10.1186/ISRCTN52858080

International Registered Report Identifier (IRRID): DERR1-10.2196/21100
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Introduction

Social influences, such as smoking parents, siblings, or friends,
are the strongest determinants of smoking initiation in
adolescence [1,2]. In practice, one may conceptualize smoking
initiation as a socially learned behavior, while the subsequent
trajectories leading to escalation or to extinction of smoking
behavior are determined by a more complex mixture of
reinforcing or weaning factors, including genetics, psychosocial
circumstances, and availability of tobacco products [3].

According to Bronfenbrenner’s theoretical frame [4], people in
close microenvironments are likely to exert the strongest
health-related influences (in this case pro or antismoking), at
least in early adolescence and during initial episodes. Peers
normally exert a direct and proximal influence by creating the
context for smoking to occur; in fact, the association of friends
or siblings smoking is in many cases stronger than that of parents
smoking [5]. Adult influences, on the other end, are conveyed
on a broader frame. First, adults may shape opinions and
attitudes over developmental years by simply tolerating or not
explicitly disapproving of smoking [6]. Smoking behavior
among significant adults may further encourage the onset of
smoking in adolescence by creating an implicitly favorable
norm [7]. Availability of cigarettes with or without permission
is high in environments where adults smoke [8], which is an
important facilitating factor when purchase is not affordable as
it is the case among adolescents, a price sensitive group [9].
Also, the possibility that early exposure to environmental
smoking primes the child’s brain to the rewarding properties of
nicotine has been presented [10].

Importantly, social influence seems to extend to tobacco uses
other than smoking, at least in countries where other established
forms of tobacco use exist, as is the case in Sweden, where the
use of the oral moist tobacco snus is widespread among men
[11].

For these reasons. adult influences (and parents’ influences, in
particular) are usually regarded as an important cue in universal
prevention of tobacco use.

Consistent with these observations, youth smoking prevention
programs in different settings have often included some degree
of parental involvement [12]. Despite promising indications
that adding a family component increases the effectiveness of
school-based programs, the findings of studies have not been
consistent [13]. Some encouraging evidence exists on using
public commitment as a strategy for prevention. In a systematic
review [14] of school-based smoking prevention programs,
there was a significant effect of programs including
commitments to not smoke. A community-wide school-based
intervention program aimed at preventing adolescent tobacco
use, incorporating public commitment activities as one of several
components, led to a reduced smoking in those who initiated
smoking [15].

A component of public commitment has been successfully
included in a variety of public health programs and target
groups. For instance, in programs using life skills training to
prevent drug use, some positive results have been found when
including this component [16]. In a school-based diabetes
prevention project, there was a suggestion that a public
commitment to a healthy lifestyle was associated with a lower
prevalence of obesity at follow-up [17]. Some support has also
been found for interventions using public commitment as a
strategy in adult smoking cessation, including the use of
contracts in general practitioner-led interventions [18].

Concerning smoking prevention in youths, a comprehensive
social influence program including a decision-making
component was found to be effective in a randomized trial [19]
for students aged 13-15 years. An evaluation of a prevention
program against substance use and other problem behaviors
among adolescents in grade 9 using a contract as a component
reported small to moderate differences in substance use between
groups based on length of participation in the prevention
program; however, limitations in the study design made it
difficult to draw firm conclusions [20]. A school-based smoking
prevention program called the Smoke Free Class competition
was introduced in more than 20 European countries during the
years 1997-2009. The program included a commitment to not
smoke and prize draws. The program was evaluated by
randomized controlled trials in several countries, and a
meta-analysis [21] reported that the program seemed to be
effective in preventing smoking.

The Swedish program Tobacco-free Duo is an example of this
category of programs, addressing all forms of tobacco use.
Details on the intervention and on its preliminary evaluation
have been published [22-24]; however, firm conclusions on
favorable effects of the intervention could not be reached due
to weak study design or to methodologic shortcomings in these
earlier evaluations. The Public Health Agency of Sweden
commissioned this evaluation in order to strengthen the evidence
base to be incorporated in possible future recommendations.

This commission was translated into the following specific
objectives: (1) to assess whether the comprehensive
Tobacco-free Duo program is superior to an education-only
program in preventing onset of use of cigarettes or other tobacco
among adolescents or in fostering smoking cessation among
smoking parents, (2) to assess whether the adolescents or parents
exposed to the core component of the program (adult-child
agreement) refrained from using tobacco to a higher extent than
those who were only exposed to other components of the
program, (3) to explore the impact of the program on the whole
school tobacco use prevalence over time, (4) to understand
whether receipt of the program entailed negative side effects
on the participating adolescents, and (5) to analyze school-level
factors related to fidelity of the program implementation.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e21100 | p.132http://www.researchprotocols.org/2020/10/e21100/
(page number not for citation purposes)

Galanti et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/21100
http://www.w3.org/Style/XSL
http://www.renderx.com/


A health economic evaluation (cost-effectiveness study) will
be conducted alongside the randomized controlled trial, and its
corresponding protocol will be the object of a separate
publication.

Methods

Intervention

Overview
The Tobacco-free Duo is a complex intervention for the
universal prevention of tobacco use developed in Sweden and
in use since 1993, starting from the County of Västerbotten in
the North of Sweden. From 2007, the intervention has also been
adopted in other counties, by request of the regional government
or by request of the individual municipalities or schools, therein.
About 80 municipalities are known to have implemented the
Tobacco-free Duo program [25].

Components
In brief, the program aims to mobilize antitobacco practices and
attitudes in adolescents’ near environments, with schools as
main promoters and arenas for the activities. The recommended
starting point is in the sixth or seventh grade of compulsory
school (between 12 and 13 years of age), and it encompasses 6
central components that were manualized in this study.

1. The tobacco-free pair (Duo) core component that is the
origin of the program’s name consists of an agreement
between an adolescent and a significant adult (at least 18
years old) elected as partner by the adolescents. The pair
agrees to remain tobacco free during the following 3 years,
at least, until the index adolescent leaves the compulsory
school (about 15 years of age). The written agreement is
signed by both partners, possibly during a public event in
school, strengthening the mutual commitment. However,
a pair can be formed anytime during the school year.

2. Student information is given by a member of the school
staff who informs the student in the sixth or seventh grade
about the school choice to adopt the program, briefly
discusses tobacco control issues, and actively encourages
participation of the adolescents.

3. Parent information is given during an ordinary parent
meeting at school where they are given access to
information and materials explaining their role in tobacco

prevention and how they can actively support their children
in their commitment.

4. As an incentive to participate, all adolescents signing a
contract will receive a membership card that entitles them
to some fringe benefits in local shops or leisure-time
activities.

5. At the end of each school year, the pairs disclose and
confirm their tobacco-free status. The disclosure entitles
the index adolescent to participate in a lottery taking place
just before the summer break.

6. Interactive classroom education is conducted by trained
school personnel in all classes during grades 6 (or 7) to 9.
This education consists of age-specific information and
practical exercises (eg, how to identify and resist social
influences). For the purpose of this evaluation, the
educational part was further structured and manualized
before training personnel.

Effectiveness Evaluation
The evaluation protocol has been developed in order to address
the objectives of the study through the following primary and
secondary questions, formulated according to a PICO
(population, intervention, comparator, outcome) framework
[26]. It should be observed that, for feasibility purposes (due to
educational block organizations in Swedish schools where many
children change school between sixth and seventh grade), in
this evaluation, the start of the intervention was set in the
seventh grade (12- to 13-year old adolescents).

Study Design
The evaluation questions will be addressed through a
mixed-design approach, where experimental and
nonexperimental designs will be combined.

Experimental Design
A parallel cluster randomized controlled experiment will be
conducted with schools as units of randomization and individual
students as unit of analysis. A superiority approach will be
employed for hypothesis testing (ie, the null hypothesis to be
rejected will be that the Tobacco-free Duo comprehensive
intervention is either inferior or equivalent to the education-only
component). Through this design, questions 1 to 5 will be
addressed (Tables 1 and 2). The trial was registered (ISRCTN
52858080) on January 4, 2019 (ie, after enrollment of the first
participant but prior to baseline assessments being completed).
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Table 1. Evaluation questions.

Formal question definitionObjective–question

Objective 1

Is the probability of having never smoked (question 1) or used any tobacco producta (question 3) at the end of follow-
up in the ninth grade higher for seventh-grade adolescents in schools assigned to the full program (Tobacco-free Duo
components 1-6) compared to that of adolescents in schools assigned to conduct only the educational component
(component 6)?

Questions 1 and 3

Is the probability of never having progressed to regular (weekly during at least 3 consecutive months) use (question 2:
smoking cigarettes; question 4: any tobacco product) by grade 9 higher for adolescents in Tobacco-free Duo schools
than for those in education-only schools?

Questions 2 and 4

Objective 2

Is the probability of having refrained from using cigarettes or any tobacco by the end of follow-up higher among ado-
lescents and parents who smoke who signed the formal agreement to become a tobacco-free pair (core component)
compared to those who only received other components?

Question 5

Is the proportion of sustained quitters (no smoking in the past 30 days) among parents who smoke before the program’s
start higher when the index child attended a Tobacco-free Duo school compared to an education-only school, at the end
of the compulsory grades?

Question 6

Objective 3

Is the total prevalence of never smokers among students in the grades 7 to 9 declining more slowly over 3 years in To-
bacco-free Duo schools compared to education-only schools or schools delivering their usual antismoking programs
(external reference group schools)?

Question 7

Objective 4

Are there undesirable side effects of the full-component intervention, such as: exclusion or frequent dropout from child-
adult contracts of adolescents in families of low socioeconomic status; or worsening of perceived mental or general
health among participants receiving the Tobacco-free Duo intervention compared to those only receiving the educational
component?

Question 8

aThe term any tobacco product encompasses the use of Swedish smokeless tobacco snus and of e-cigarettes.
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Table 2. PICO questions addressed in the experimental (cluster randomized trial) and nonexperimental (observational) studies for the effectiveness
evaluation of Tobacco-free Duo.

PICOa descriptionQuestion

Experimental

Superiority of Tobacco-free Duo comprehensive intervention vs education only in preventing smoking/tobacco onset

Adolescents 13 years old at baseline with valid parental consent—average follow-up 38 monthsPopulation

Tobacco-free Duo 6 componentsIntervention

Educational component of Tobacco-free DuoComparator

Never smoked (negative answer to the question: Did you ever try smoking, even a few puffs?)Outcome 1

Never smoked regularly (negative answer to the question: Did you ever smoke weekly for 3 or more
months in a row?)

Outcome 2

Never used any tobacco (negative answer to both questions: Did you ever try smoking, even a few puffs?
Did you try smokeless tobacco?)

Outcome 3

Never used any tobacco regularly (negative answer to both questions: Did you ever smoke weekly for
3 or more months in a row? Did you ever use snus weekly for 3 or more months in a row?)

Outcome 4

Superiority of Tobacco-free Duo comprehensive intervention vs education only in determining smoking cessation among participants’
parents

Parents of adolescents participating in the trial who reported smoking at baselinePopulation

Signing an adult-child contractIntervention

Receiving other intervention components, no contractComparator

No past 30-day smoking at follow-upOutcome

Nonexperimental

Effect of adhering to the core component child-adult contract

Adolescents participating the longitudinal assessment of the cluster randomized trialPopulation 1

Signing an adult-child contract (as treated)Intervention

Receiving other intervention components, no contract (as treated)Comparator

Never smoked or used tobacco at follow-up in ninth gradeOutcome

Parents of adolescents participating the longitudinal assessment of the cluster randomized trial, baseline
smokers

Population 2

Signing an adult-child contractIntervention

Receiving other intervention components, no contractComparator

No past 30-day smoking at follow-upOutcome

Decline in school prevalence of never smokers

Students registered in the grades 7-9 of the schools participating in the experimental study and in the
schools serving as external reference during three consecutive years

Population

Tobacco-free Duo 6 components (as treated)Intervention 1

Educational component of Tobacco-free Duo only (as treated)Intervention 2

Usual education or health promotionComparator

Average point prevalence of never smoking in spring term of each school yearOutcome

aPICO: population, intervention, comparator, outcome.

Nonexperimental (Observational) Design
Two different comparisons will be established. In the first
comparison (addressing objective 2 question 6) an as-treated
analysis of the trial data will be conducted where individual
students assigned to the Tobacco-free Duo intervention and
signing a child-adult contract will be contrasted to students
receiving other Tobacco-free Duo components but not signing

the contract. In the second comparison (addressing objective 3
question 7), all students attending schools in grades 7 to 9 in
both experimental groups will be contrasted to students in a
convenience sample of schools in the same broad catchment
areas where the experiment takes place (an external reference
group). Schools in this external reference group will be those
willing to participate in the survey data collection but not in the
experimental study. Therefore, they will represent the subset of
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schools in the target areas that will probably not be willing to
adopt the program once released for dissemination. In Table 2,
a summary is presented of the relevant comparisons established
with an observational design.

Intervention Implementation and Fidelity (Objective
5)
As a complement to the evaluation of effectiveness, we plan to
monitor and describe the implementation of the Tobacco-free
Duo intervention, in particular the average proportion of schools
and classes delivering the intervention components as intended;
the observed versus expected frequency of delivery of each of
the 6 components and their range; and the characteristics of the
schools not conducting or completing the program as intended
and alleged reasons for this failure.

Adolescents’ Experiences and Reported Side Effects
of the Intervention (Objective 4)
We plan to identify negative outcomes of the intervention,
particularly those connected with the administration of the core
component agreement between an adult and a child. We will
use the conceptual framework proposed by Lorenc and
collaborators [27] to identify adverse effects in 2 domains:
psychological side effects and equity side effects. Specifically,
we will use adolescent questionnaire data to explore unequal
distribution of application of the core components across
socioeconomic status and composition of the index families
(equity aspect). Reasons for not signing a contract or changing
contract partner, satisfaction with the partnership, and perception
of the partner’s support will also be explored (psychological
aspects), both through questionnaire data and through in-depth
interviews with adolescents. To this end, a convenience sample
of both contract holders and nonholders will be enrolled.

Study Procedures

Invitation and Selection of Schools
All schools located in 11 regions of central and south Sweden
encompassing the higher block grades (7 to 9) will be invited
to participate in the study through a letter addressed to the
school’s headmaster at the end of the school year preceding the
conduction of the intervention. We estimate this underlying
source sample as about 600 schools. Schools will be eligible if
they have at least 2 classes in the target grades and if they did
not or do not plan to adopt the Tobacco-free Duo program until
the evaluation is completed. The eligibility criteria will be
assessed among respondents willing to participate through a
questionnaire on school organization and characteristics sent
concurrently with the invitation.

The final selection will rest on a formal agreement issued by
the school headmaster to be randomly assigned to the
intervention or comparator condition, to engage the school
personnel in the training for and in the delivery of the
intervention, and to facilitate the data collection. We estimate
that at least 40 schools will be recruited into the experimental
study.

Schools not willing to be randomized will be asked if they are
willing to participate as part of the external reference group (ie,
to deliver and report on the usual antismoking program if any

and to collect data from students in repeated anonymous
cross-sectional surveys).

Randomization
After recruitment, the consenting schools will be simultaneously
randomly assigned to either the full program (Tobacco-free
Duo) or to the education-only component of the same program.
The random assignment will be performed by a statistician based
at the steering group through a computer-generated series of
random numbers, paired to each school, after stratification into
publicly and privately run schools.

The results of the randomization will not be disclosed to the
participating schools until the beginning of the school year
during which the intervention will be delivered. Because of the
nature of the interventions, blinding of participants will not be
possible.

Identification and Enrollment in the Trial of Individual
Students
Based on the school rosters, all students attending the seventh
grade in the beginning of the school year will potentially be
eligible for participation in the study. Besides the information
delivered in class and school (see components 2 and 3), an
individual invitation letter is sent to students’ home addresses,
and individual parental consent will be sought with an opt-in
procedure. In the invitation, it will be underlined that it will be
possible to withdraw the assumed consent any time, both from
the parents’ side and from the student’s side. Also, it will be
clarified that the consent to participation concerns the baseline
and follow-up collection of information to be entered in a
register with personal identifiers but not the receipt of the
intervention. The latter is decided at the school level, therefore
not submitted to any individual consent, similar to any
school-based activity.

Based on previous experience, we foresee that we will be able
to enroll approximately 85% of the eligible students in the
seventh grade. All recruitment procedures will be conducted by
an executive team composed of research officers under the
guidance of the principal investigators.

Training of School Personnel
School staff involved in the study are offered an annual meeting
with education, training, and networking in their respective
experimental group (Tobacco-free Duo school or education-only
school). The content of the meeting is diversified according to
the assigned intervention, with a common part regarding
instructions for data collection and the educational intervention
component. The aim is to gradually increase the personnel’s
knowledge, to give an opportunity for exchange of experiences
during the project period, and assure quality of data collection
over time. The meetings are scheduled to be held annually before
the fall term start, separately for education-only and
Tobacco-free Duo schools.

Delivery of the Interventions
The school leadership at each participating school nominates a
contact person and constitutes an operative team responsible
for the implementation of the assigned intervention. The contact
person will be responsible for contacts with the research group
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and for convening the school’s operative team. This includes
the contact person, one or more persons from the student health
care team, and one or more teachers in grades 7-9. Together
they are responsible for the implementation of the assigned
intervention components.

Data Collection and Management
At both baseline and follow-up, information on outcome and
predictor variables will be collected at 2 levels.

School-level information will encompass compositional and
organization measures such as number of registered students
and staff, staff average qualification, proportion of students with
parents with lower than high school education, proportion of
students with parents born outside Sweden, public or private
management, and prior and current health promotion initiatives
or preventive programs. Structured checklists and questionnaire
forms will be developed.

In schools participating in the experimental part of the study,
information will be continuously collected about the actual

implementation of the intervention components and staff effort
dedicated to them. To this end, a structured web-based form
will be used.

Individual-level information will be gathered from individual
students in Tobacco-free Duo schools, education-only schools,
and reference group schools; from parents of students in
Tobacco-free Duo and education-only schools; and adults in
Tobacco-free Duo schools signing the contract with individual
students, when not coinciding with one parent. All information
will be collected with self-completed structured questionnaires
with different content and administered with different procedures
as shown in Table 3. All questionnaires will be based on sets
of questions that have been previously used in Swedish surveys
or longitudinal studies of tobacco use in youths. Individual
participants in the experimental study will be traced through
school records, even in cases of change of school or residence
address. In fact, during compulsory education, changes of
schools are registered at both ends of the transition (former and
new school). Those absent during data collection days will be
reached at their latest registered residence addresses.

Table 3. Data collection instruments, information, and procedures.

Time-pointsIdentifierAdministrationInstrument and main domainsPopulation

Baseline: fall term of
school year 1- grade 7

Follow-up 1: end of
school year, grade 7

Follow-up 2: end of
school year 2, grade 8

Follow-up 3: end of
school year 3. grade 9

Unique study code
matched to identity in-
formation

Self-administered in the
classroom

Paper questionnaire, with information on:

Cigarette and snus use (any, current, frequen-
cy, quitting)

Tobacco use among friends and family
members

Received education, knowledge and atti-
tudes toward tobacco

Recent and current use of alcohol

Ever use of illicit drugs

General health, physical activity, and
sedentary time

Perceptions about the contract (if appropri-
ate)

Participating students
in schools randomized
to Tobacco-free Duo
or education only

Same time points as
above

Same code as the index
child above

Self-administered at homePaper questionnaire, with information on:

Sociodemographics

Relation with the index child and perception
of risks with tobacco use

Own tobacco and alcohol use

Guardians of the par-
ticipating students
above

Anytime a contract is
signed

Same code as the index
child above

Self-administered at homePaper questionnaire, with information on:

Own use of cigarette and snus

Perception of own role in the intervention

Adults in Tobacco-
free Duo pairs

Cross-sectional surveys
at the end of school
year 1, 2 and 3

No identifier (anony-
mous survey)

Self-administered in the
classroom

Paper questionnaire, with information on:

Ever, regular and recent use of cigarette and
snus

All students registered
in Tobacco-free Duo
schools, education-
only schools and refer-
ence group schools in
grades 7-9

Figure 1 displays a scheme of the participants’ enrollment and
assessments time-points for the experimental part of the study.

Individual data from questionnaires will be optically scanned,
and the corresponding electronic files will be stored in a
password-protected section of the server at the Department of
Global Public Health, Karolinska Institutet. In order to preserve

strict confidentiality, this data will be stored without personal
identifiers, substituted by a study code unique to each
participant. Personal identifiers will be kept in a separate section
of the same server, only accessible to 2 members of the study
team, responsible for data linkage and follow-up procedures,
respectively. Ten years after the study start the personal
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identifiers will be removed and all information will be kept identified only through the study code.

Figure 1. Schedule of enrollment, interventions, and assessments related to the experimental study (cluster randomized trial).

Statistical Methods

Estimation of Sample Size for the Experimental Study
We estimated that an optimal sample of 3000 students (about
40 schools) should be recruited in order to detect as statistically
significant at the 5% level a risk ratio intervention to control of
1.10 based on the primary outcome (never smoker in the ninth
grade). The estimation is based on the following assumptions:
desired power 80% or higher; design effect due to the cluster
design 1.98, an average cluster size of 50, and an intraclass
correlation coefficient of 0.02; prevalence of the outcome in
the minimal intervention (control) group 0.70; eligible students
at baseline (never smoke) 92%; attrition between seventh and
ninth grade 20%; and ratio intervention to control 1:1.

Data Analysis
Data from the trial will be analyzed primarily according to an
intention-to-treat approach, preserving the random assignment
[28]. Missing outcome information because of attrition at
follow-up will be addressed by means of sensitivity analyses
including last observation carried forward; best- and worst-case
scenario, assuming missing answers as representing either the
best or the worst outcome; and multiple imputation if a missing
at random assumption for the missing data will not be dismissed
[29].

Secondary analyses will be conducted per protocol, thus
including only students in schools that adhered to at least 80%
of the whole assigned intervention. Furthermore, an as-treated
analysis will be conducted, comparing the outcome among
students exposed to different components and intensities of the

intervention, in particular the adoption of the core component
child-adult agreement (research question 6). These approaches
disregard randomization, therefore they are prone to producing
biased estimates of the effect unless adjusted for most of the
potential confounders [30]. However, they may be useful in
order to assess the consistency between an expected effect and
the intervention’s theoretical rationale [30] and in order to gain
insights on the reasons for not detecting the estimated effect
[31].

Finally, we will be able to compare the prevalence trends across
3 school years as well as the final prevalence at the end of
follow-up between schools participating in the experimental
study and schools in the external reference group, carrying on
usual health education. This will enable us to estimate the
potential impact of the intervention when released.

Ethics and Dissemination

Ethics Approval and Consent to Participate
The study was approved by the Regional Ethics Review Board,
Umeå (registration number 2017/255-31). Participant schools
and individuals were required to give explicit informed consent
to data collection, analysis, and reporting prior to inclusion in
the study. Written and verbal operator-recorded consent has
been obtained from parents or guardians of participating minors.
The procedure approved by the Ethic Review Board included
verbal and even opt-out consent.

Coordination of the Study, Roles, and Responsibilities
The several study components described in this protocol will
be jointly coordinated by Umeå University (principal
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investigator: MN) and Karolinska Institutet (principal
investigator: MRG). A steering group based at Umeå University
will be responsible of all decisions concerning the scientific
integrity of the protocol, amendments to the protocol, and the
consequent operative procedures, including data monitoring
and the decision to terminate the study. Besides the principal
investigators, the group will include a researcher in charge of
the economic evaluation, a statistician and data manager, and
a senior research officer coordinating the field activities.

Twice a year, the steering group will report on the conduct of
the trial to the funder (Public Health Agency of Sweden), and
will agree on a plan for the dissemination of the results of the
study besides the freedom of scientific publication in
peer-reviewed journals. The dissemination plan will include
interim news on the funder’s website, newsletters to participant
schools and students, public lectures and educational occasions,
and press-releases in relevant cases.

A data share policy will be also developed and maintained by
the steering committee. This usually entails a formal written
agreement with the requesting investigators and agencies to
commit themselves to the same confidentiality levels as the
leader institution.

Results

Recruitment of schools started in the fall of 2017 and continued
until June 2018. In total, 43 schools were recruited to the
experimental study, and 16 schools were recruited to the
observational study. Data collection started in the fall 2018 and
is ongoing. The last round of data collection is planned for the
spring 2021. Data analysis of baseline characteristics is due to
commence, and first results are expected at the end of 2020.

Discussion

This study protocol, for the evaluation of a complex intervention
for the universal prevention of tobacco use initiation among
early adolescents, proposes a mixed methods approach,
combining the reciprocal strengths of a randomized experiment
and of observational studies, as well as primary and secondary
analyses of both study designs.

The protocol has several strengths, compared to similar studies.
First, it aligns with the current increasing consensus on the
importance of mixed methods [32] and of triangulation
approaches in accruing robust evidence in the evaluation of
interventions [33-35]. Two aspects of community trials call for
triangulation approaches. On the one side, experiments establish
the effect of being randomized to specific conditions, which in
pragmatic trials do not coincide necessarily with the receipt of
the intervention [31]. By conducting an as-treated analysis [30]
according to the actual implementation of and adherence to the
intervention, we aim to triangulate the question of effectiveness
of Tobacco-free Duo program. By comparing groups no longer
randomly assigned to the levels of the intervention, this analysis
will have to take bias from confounding into account.

On the other side, participants in an experiment (be they
organizations or individuals) constitute an imperfect

representation of the underlying populations on which the
inference should be drawn, because of the numerous selection
steps involved in the conduction of an experiment [36]. In this
study, we plan to include a comparison group that comprises
schools that agreed to participate in annual surveys among all
students in the 3 final compulsory grades but did not agree to
be randomized to either experimental group. These schools are
likely to well-represent the majority of Swedish schools (ie, the
subgroup consisting of those that would not adopt the
intervention if offered it at the scaling-up stage). By comparing
the development over time of tobacco use in these schools with
that of schools randomized to the minimal or comprehensive
intervention (across a set of school-level characteristics), we
aim to infer the added effect of the intervention on decline in
tobacco uptake. For instance, if the prevalence of lifetime
smoking or tobacco use similarly declines in reference group
schools as in the randomized ones, we may project that the
impact of a large and intensive dissemination of the intervention
(even if effective in the randomized comparison) would be
minimal.

Furthermore, we propose the use of qualitative methods and of
process data in order to achieve 2 additional objectives. The
first objective to be pursued is a deeper understanding of how
the conduction of the intervention may differ between school
organization characteristics. This knowledge is important in
order to judge cluster-level confounding in nonrandomized
studies [37]. An additional advantage of such a piece of
knowledge would be the possibility to make projections of the
potential benefits deriving from the application of the method
to large communities with a known distribution of the studied
characteristics.

The second objective is to study the occurrence and the nature
of undesirable side effects connected with the intervention when
delivered as intended. While it is recognized that such effects
are of importance in the study of medical or psychological
treatments, much less attention has been devoted to methods
for studying them in the domain of preventive interventions.
One of the reasons behind this failure is the need to carefully
conceptualize expected adverse outcomes in a logic framework
(one cannot study all kind of potential outcomes). According
to the framework presented by Lorenc and collaborators [27],
we will focus on potential adverse effects connected with the
core component of the intervention (ie, the adult-child
agreement) in terms of psychological and equity adverse effects.
Children not able to be supported by an adult may be particularly
vulnerable for reasons that may or may not be connected to the
target behavior. The publicity around the contract among peers
and the presence of fringe benefits for those complying may
increase the segregation of these psychosocial risks. Also,
children whose adult partners “infringe” the agreement by
starting or relapsing into smoking may experience a profound
disappointment and loss of trust that undermines the relation
with a significant other.

The third strength of this study protocol rests in the choice of
a standardized comparison group in the randomized controlled
trial design. Several community trials employ comparator
conditions that are largely opportunistic (ie, rely upon the
concept of usual conditions). While undoubtedly pragmatic,
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this approach may be misleading at the stage of judging on
causal effects deriving from the application of an intervention
that is the explicit scope of a randomized controlled trial. In
fact, while the alternative intervention under investigation is
often quite standardized, usual conditions are not, even if in a
certain context (for instance, in a given school system), there
may be some recurrent features. To clump together different
conditions without any knowledge of their potential effects or
even of their content may lead to biased results in any direction
[38]. It is purported that the advantage of usual conditions would
be to represent the background reality of which the actual
participants would be a valid representation [37]. Anyone who
has conducted experimental studies is aware that this is far from
being true, rather the opposite. Participants in studies (be they

experimental or not) are usually a nonrepresentative sample of
the background populations (individuals or organizations), both
because of the application of explicit inclusion and exclusion
criteria and because of self-selection.

When the Tobacco-free Duo program started in the early 1990s,
there was a limited amount of research on decision support and
public commitments as components of public health
interventions; the latter was mainly investigated among adults
[18]. Since then, there have been some advancements in
knowledge regarding intervention models including decision
support and public commitment among young people, but this
knowledge must still be regarded as insufficient. The proposed
study will, therefore, add substantially to the empirical evidence
in this regard.
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Abstract

Background: The COVID-19 pandemic is likely to increase anxiety and distress in young people worldwide. It is important to
prioritize mental health during crisis events to mitigate the negative and often long-term effects of the crises on young people,
families, and society. Mental health and well-being apps represent a scalable approach for improving psychological outcomes in
young people and have potential to improve the equity of service access.

Objective: The Whitu: 7 Ways in 7 Days well-being app was recently developed by our group to address the urgent need for
innovative approaches to reach young New Zealanders who are struggling to cope with the COVID-19 pandemic. The aim of
this study is twofold: to evaluate the acceptability of the prototype app and to examine the effectiveness of the refined app at
improving mental and emotional well-being and reducing depression, anxiety, and stress in young people in New Zealand.

Methods: A two-phase mixed methods study will be undertaken to achieve these aims. During the first phase, 20 young people
aged 16-30 years (including those of Māori and Pacific ethnicity) will participate in a qualitative study to help refine the prototype
app. During the second phase, 90 young people aged 16-30 years will participate in a randomized waitlist-controlled trial (RCT)
to evaluate the efficacy of the refined Whitu app at 4 weeks and 3 months after baseline. Outcomes will be evaluated using
validated web-based questionnaires at baseline, 4 weeks, and 3 months.

Results: The study received ethics approval in May 2020, and recruitment for the focus groups commenced in June 2020.
Recruitment for the RCT is expected to commence in October 2020. Participants for both study phases will be recruited via social
media and web-based communities. Data collection for the RCT is expected to be completed by January 2021, and analyses are
expected to be completed by March 2021. Linear mixed modelling will be used to determine between-group differences in
psychological outcomes.

Conclusions: There is an urgent need to develop culturally appropriate, scalable mental health interventions to address the
psychological consequences of the COVID-19 pandemic. In this study, we will develop and test an evidence-based well-being
app that, if effective, can be made available to all young people in New Zealand and internationally.

Trial Registration: Australian New Zealand Clinical Trials Registry (ACTRN12620000516987);
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=379597.
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Introduction

Background and Rationale
Prior to the COVID-19 pandemic, New Zealand young people,
especially Māori (indigenous New Zealanders) and those of
Pacific ethnicity, were already experiencing high rates of
psychological distress and mental illness [1-4]. Crisis events,
including pandemics, can result in significant mental health
consequences both during and after the crisis, including
increases in depression, anxiety, posttraumatic stress disorder,
and suicide [5-8]. In the longer term, these problems can leave
a damaging societal footprint, with markers such as increased
exclusion or disengagement from education, academic
underachievement, and unemployment [9]. It is likely that recent
local stressors related to rapid lockdown, physical isolation,
disrupted academic routines, and families’ financial insecurity
will exacerbate pre-existing mental health issues and generate
new ones, especially anxiety and depression in young people
[10-12]. To minimize the immediate and future adverse
psychological and social consequences of the pandemic, young
people urgently need support to develop skills to maintain their
well-being, address mental health issues early, and continue to
build resilience during the coming months.

Over the past 20 years, rapidly evolving mobile technology has
fostered the development of a range of eHealth interventions,
including those designed to improve mental health, such as
mental health apps [13]. Evidence has suggested that eHealth
interventions for mental health conditions, such as depressive
disorders, can be as effective as face-to-face therapies [14,15].
Acknowledging the effectiveness of eHealth interventions for
people of all ages and the relatively good smartphone access in
most developed countries, international organizations such as
the Lancet Global Mental Health Group have highlighted the
role of eHealth interventions in preventing and addressing
common mental health issues in adults, young people, and
children [16]. Key purported advantages of eHealth interventions
include their flexibility of use, cost-effectiveness, and potential
to increase equity of service access and reduce stigma [17].
These advantages are reflected by the willingness of people,
especially “digital natives,” to use eHealth interventions [18].

Alongside these technological developments, evidence has been
increasing that specific therapeutic modalities enhance mental
health and well-being in children and young people and that
these can effectively be delivered as eHealth interventions, such
as cognitive behavioral therapy (CBT) [13,19] and
psychoeducation [20]. Awareness is also growing that
self-empowerment of well-being can improve the quality of
care and outcomes for people experiencing mental health
problems [21,22], and it has been suggested that interventions
should equally aim to enhance well-being and attempt to reduce

distress [23]. Digital interventions such as apps must be
user-centered to produce the best outcomes for people [24,25].
Well-designed interventions can cost less to produce and lead
to greater user satisfaction and content completion [25]. There
are currently no evidence-based well-being apps specifically
tailored for young people living in New Zealand to help them
manage their psychological well-being during the COVID-19
pandemic.

This project has been designed to address the psychological
needs of New Zealand young people aged 16-30 years,
especially those of Māori and Pacific ethnicity, during the
COVID-19 pandemic. At the start of the pandemic (in March
2020), a preliminary prototype app called Whitu: 7 Ways in 7
Days was rapidly developed by our group in response to our
clinical concern for this cohort. Whitu is the Māori word for
“seven,” and as its name suggests, the app includes seven
modules that can be completed within a week to learn
evidence-based coping skills based on our previous work using
CBT, psychoeducation, and positive psychology techniques
[26-28]. The seven modules and skills included in the app have
all previously demonstrated efficacy for young people and as
individual eHealth interventions: (1) identifying and rating
emotions [20], (2) relaxation [19], (3) self-compassion [29,30],
(4) gratitude [31,32], (5) staying connected [33,34], (6) physical
care [35,36], and (7) goal setting [37,38].

The specific objectives of the current project are to refine the
prototype evidence-based app for improving the well-being and
mental health of New Zealand young people aged 16-30 years;
ensure broad end-user and cultural acceptability of the app,
particularly to Māori and Pacific young people; and demonstrate
the preliminary clinical effectiveness of the app via objective
outcome measurement during a randomized waitlist-controlled
trial (RCT).

Methods

Study Design
A two-phase, mixed-methods design will be employed. During
the first phase, a qualitative study will be conducted with users
of the prototype app, and the app will be refined on the basis
of their feedback. During the second phase, an RCT will be
conducted according to CONSORT (Consolidated Standards
of Reporting Trials) guidelines [39].

Phase 1: Qualitative Study

Participants
Approximately 20 young people from New Zealand aged
between 16 and 30 years will be recruited during June to August
2020 from web-based communities and groups (eg, Facebook,
Instagram, Tuakana-teina/Māori student mentorship programs)
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to help refine the prototype app design and content. A series of
five focus groups will be conducted to collect feedback, with
three to six people per group. We will recruit at least ten Māori
and Pacific young people to ensure the app appeals to these
audiences and is culturally appropriate.

Procedures
Recruitment will be conducted and informed consent will be
obtained on the internet over a secure website, Research
Electronic Data Capture (REDCap) [40,41]. Prior to attending
the focus groups, participants will be asked to provide
demographic variables, including age, sex, ethnicity, pre-existing
mental health conditions, and experience of using well-being
and mental health apps, via self-report questionnaires on
REDCap. Participants will also be asked to download and use
the prototype app for approximately one week prior to attending
the focus groups.

The focus groups will last between 1.5 and 2 hours and will be
conducted via Zoom, with two focus groups including only
Māori and Pacific young people. To ensure culturally
appropriate processes and participant comfort, these focus
groups will be facilitated by our Māori and Pacific researchers
(EM and NC). Ideas for integrating wider Māori and Pacific
views of mental well-being will be explored, and the cultural
appropriateness of Māori and Pacific design motifs will be
assessed.

During the focus groups, participants will provide
audio-recorded feedback on their experiences of using all seven
modules. All participants will receive a voucher for NZ$40 (US
$26.36) for attending the focus groups.

Data Analysis
Participants’ qualitative data will be audio-recorded and
transcribed. The transcribed data will be analyzed using directed
content analysis [42], a qualitative approach that is well suited
for focus groups or interviews where predetermined concepts
or categories are examined (eg, usability and acceptability of

the different functions and content of the app). The coding
scheme will be partly based on the user version of the Mobile
Application Rating Scale (uMARS) [43] domains (Engagement,
Functionality, Aesthetics, and Information), and the cultural
acceptability of the scheme will also be explored by EM and
NC. The data will be coded and analyzed independently by at
least two members of the research team. Any discrepancies in
coding will be resolved by consulting the wider research team.

Phase 2: Randomized Waitlist-Controlled Trial

Participants
Participants will be New Zealand residents between the ages of
16 and 30 years. Recruitment is expected to commence in
October 2020 via social media (Facebook, Instagram) as well
as on other New Zealand–based web-based communities. Young
people who participated in phase 1 (qualitative study) will not
be eligible to participate in the RCT. Participants will receive
a NZ$40 voucher (US $26.36) for taking part in the RCT.
Participants who are currently receiving mental health treatment
(including using a mental health app) are not eligible to
participate.

Procedures
Participants will be recruited from web-based communities (eg,
social media) by an advertisement or flyer with a link to the
REDCap site. On REDCap, interested participants will be
screened for eligibility. If eligible, they can read and download
the Participant Information Sheet, provide web-based consent,
and complete the baseline questionnaires once they have
consented. Once participants have consented and completed the
baseline questionnaires, they will be randomized into either the
intervention group (Whitu app) or wait-list control group.
Randomization will occur using REDCap’s randomization
module. Participants and research staff will not be blinded to
treatment allocation. The wait-list control group will receive
the app 3 months after the initial app group. Figure 1 shows the
CONSORT flow diagram.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram of participant recruitment, randomization, and attrition.

After randomization, the wait-list group will be informed that
they are in the wait-list control group on REDCap. The
intervention group will be shown a link and instructions on how
to download the Whitu app on REDCap. During the first four
weeks, participants in the intervention group will receive 2
emails reminding them to complete the app modules and an
SMS text message asking them to confirm whether they have
been able to download the app. Four weeks after completing
the baseline questionnaires, participants in both groups will
receive an email with a link to the first follow-up questionnaire

on REDCap. Three months after baseline, both groups will
receive an email with the link to the final follow-up assessment.
After the wait-list control group completes the 3-month
assessment, REDCap will send each group member an
automated email with instructions on how to download the
Whitu app. We will not follow up with the wait-list control
group after they receive the app at the 3-month time-point.

All participant outcome data (eg, demographic data and
psychological outcomes) will be collected via REDCap. We
will not collect any information via the app, and any user input
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(eg, first name, responses to exercises) will only be stored
locally on the user’s device. Only the Principal Investigators
and research assistants (AS, HT, AB, and DL) will have access
to the participant data collected over REDCap. When the data
are exported from REDCap, all data will be deidentified and
stored separately from the participants’ information.

Power Calculation
A previous study of a web-based positive psychology
intervention for mildly depressed adults [44] found a
between-group improvement in well-being (effect size of
f=0.155) using the World Health Organization-Five Well-Being
Index (WHO-5) [45]. Using G*Power [46], we calculated that
the minimum required sample size to detect an effect size of
f=0.155 using a mixed analysis of variance (ANOVA) including
within-subject (3 time points) and between-subject (2 groups)
effects with 90% power and at a 2-sided 5% significance level
was 90 participants (45 per treatment arm). To ensure cultural
acceptability, we will aim to recruit at least 40% Māori and
Pacific young people (n=36).

Ethical Approval and Trial Registration
The study received ethics approval from the University of
Auckland Human Participant Ethics Committee on June 18,
2020 (Ethics Committee reference: 024542). The protocol for
the RCT was prospectively registered with the Australian New
Zealand Clinical Trials Registry on April 17, 2020
(ACTRN12620000516987).

Intervention: Whitu: 7 Ways in 7 Days
The intervention has been developed as a cross-platform app;
therefore, it will function on both Android and iOS operating
systems. Data or internet connectivity is required to stream the
informational videos contained in each module. The app is free
to download. No user information or app analytics data are
collected or stored over the internet. Any data input by the user
are stored locally on the user’s device in an unencrypted SQLite
database. These data can be safely deleted at any time by the
user via the system settings on the device or by deleting the app.

Evidence shows that young people often do not use health apps
for long periods; for example, one review of 93 health apps
found that only 3.9% of people who downloaded these apps
used them for a median of 15 days [47], and another review of
10 self-help interventions for anxiety and depression found that
only 0.5% to 28.7% of users completed the interventions [48].
Therefore, the Whitu app has been purposely designed to be
completed over the course of one week. The user receives daily
push notifications reminding them to complete at least one
module per day and to practice preferred exercises from previous
modules. Many CBT-based, psychoeducational, and positive
psychology interventions focus on teaching a repertoire of
coping strategies and techniques to allow users to choose from
a broad range of strategies and discover which ones work best
for them individually. In a similar fashion, our aim in offering
seven modules is to ask participants to try all the modules over
the course of one week and keep practicing the strategies that
work best for them. The seven modules are described in detail
in Table 1.
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Table 1. The seven modules included in the Whitu: 7 Ways in 7 Days app.

DescriptionModule

The first module acknowledges that young people may be feeling low and struggling with negative
emotions due to COVID-19. The module introduces the concept of identifying and monitoring
emotions and recognizing adaptive and maladaptive coping skills. Exercises include recognizing
and rating recent emotions as well as grouping coping skills into adaptive and maladaptive cate-
gories.

Module 1: Feel

The second module recognizes the uncertainty and stress that young people may be feeling due
to the COVID-19 pandemic. The module introduces common relaxation techniques to manage
stressful situations. Exercises including deep breathing, progressive muscle relaxation, and visu-
alization.

Module 2: Relax

The third module introduces the concept self-compassion and includes a short check-in meditation.
The module then asks participants to be mindful of a hard feeling they have had in the past week,
reflect on whether friends and family have felt the same, and write self-kindness statements.

Module 3: Be kind to yourself

The fourth module introduces the concept of gratitude and how it is linked to positive well-being.
This module encourages grateful contemplation and action by asking users to list things they are
thankful for daily and in different situations and to keep a written or photographic record of
things they are thankful for.

Module 4: Be thankful

The fifth module recognizes the negative impact that lockdowns as well as physical distancing
can have on relationships. The module introduces the importance of social connection for well-
being. It encourages participants to identify important people in their lives and to practice ways
of staying connected with them.

Module 5: Connect

The sixth module discusses how the COVID-19 situation makes it more difficult to stay active
and look after our bodies. This module introduces how eating well, moving regularly, and getting
rest support psychological well-being. Information is provided about the key food groups, benefits
of physical activity, and sleep. Participants are encouraged to plan how to improve their diet,
increase their physical activity, and get more sleep.

Module 6: Look after your body

The seventh module acknowledges that the COVID-19 pandemic has likely interrupted users’
routines and made it harder to set healthy goals. This module introduces goal setting and guides
the user to set their own specific, measurable, achievable, realistic, and time-based (SMART)
goals. Explores benefits and barriers to setting different goals and helps the user build confidence
by identifying various factors that impact the process of achieving their particular goal.

Module 7: Set goals

Onboarding
When the user first opens the app, they are presented with a
splash screen containing the app logo, the app title, and a
welcome message. This is followed by a screen where the user

can input their name. This name is used to personalize messages
and exercises throughout the app. The user is then presented
with four Onboarding screens, including a welcome message
and a brief explanation of the features of the app (see Figure
2).

Figure 2. Screenshots of the onboarding process of the Whitu: 7 Ways in 7 Days app.

Badges
Users earn badges as they complete modules and revision
exercises. The aesthetics of the badges are inspired by Māori
and Pacific design motifs. Earned badges will appear in color
on the Badges screen, while unearned badges appear greyed
out. Users can collect a total of 20 badges.

Videos
Each module contains at least one informative video that
provides a graphical and audio description of its content. The
videos are narrated by two characters, Ana and Ben.

Exercises
Each module contains one or more exercises that demonstrate
the well-being concepts and techniques described in the videos.
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For example, in Exercise 1 of Module 1, users are asked to
identify and select various emotions they may have experienced

over the past week (Figure 3).

Figure 3. Screenshots of the Identifying Emotions exercise from Module 1 of the Whitu: 7 Ways in 7 Days app.

Completed Modules
When users have viewed all videos and completed all exercises
in a module, they are able to review the content of the module

or carry out revision exercises intended to refresh and reinforce
the message of each module. Users earn badges for each revision
exercise they complete (see Figure 4).

Figure 4. Screenshots of the seven modules and associated badges of the Whitu: 7 Ways in 7 Days app.
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Revision Exercises
Each module has one or more associated revision exercises that
only become available after the module is completed. For some
modules, the same revision exercise can be repeated across
multiple days. For example, the revision exercise for Module
1 is a condensed version of the main module content that users
can use to track their feelings over two days.

Outcome Measures
Outcome measures will be assessed at baseline, 4 weeks after
baseline, and 3 months after baseline. Demographic data,
including sex, age, ethnicity, and pre-existing mental health
conditions, will be collected at baseline via self-report on
REDCap. All the outcome measures listed below are brief and
have acceptable reliability and validity. Completing the
questionnaires at each time point will take approximately 20-30
minutes.

Primary Outcomes

1. Emotional Well-Being

This outcome will be assessed via the WHO-5 [45]. The WHO-5
is a 5-item scale that assesses positive emotional well-being
(eg, “I have felt cheerful and in good spirits”). Participants are
asked to indicate the extent to which each item matches how
they have been feeling over the past two weeks on a 6-point
Likert scale ranging from 0 (“at no time”) to 5 (“all of the
time”). The final score is calculated by summing the five
responses and multiplying the total by four. This gives a
percentage score ranging from 0-100, with 0 representing the
worst possible well-being and 100 representing the best possible
well-being. The internal consistency of the WHO-5 demonstrates
good reliability (α=.84) in children and adolescents [49].

2. Mental Well-Being

This outcome will be assessed by the Short Warwick-Edinburgh
Mental Well-being Scale (SWEMWBS) [50,51]. The
SWEMWBS is a short version of the 14-item
Warwick-Edinburgh Mental Well-Being Scale (WEMWBS),
which is comprised of positively worded items measuring
different aspects of positive mental health [41]. The SWEMWBS
is a 7-item scale that asks participants to rate their experience
of a range of thoughts and feelings (eg, “I’ve been dealing with
problems well”) over the last two weeks on a 5-point Likert
scale ranging from 1 (“none of the time”) to 5 (“all of the time”).
The score is calculated by summing individual ratings and
transforming the total into a metric score using a transformation
provided by the scale authors. Scores range from 7 to 35, with
higher scores indicating greater positive mental well-being. The
original scale has demonstrated good content validity and is
correlated with other mental health and well-being measures
[50]. The short version has demonstrated similar reliability and
validity to the full version (α=.84) and is suitable to be used by
adolescents [52,53].

Secondary Outcomes

1. Depression

This outcome will be assessed by the short version of the Centre
for Epidemiological Studies Depression Scale (CES-D) [54].

The CES-D is a 20-item scale designed to measure depressive
symptoms in the general population. Participants are asked to
rate on a 4-point Likert scale how often they have experienced
a variety of different feelings or behaviors (eg, “My sleep was
restless”), ranging from 0, rarely or none of the time (less than
1 day) to 3, most or all of the time (5-7 days). Scores are
calculated by reverse scoring positive items and summing item
totals, yielding a total score between 0 and 60. Higher scores
indicate more depressive symptoms. The scale has demonstrated
excellent internal consistency (α=.85) and demonstrates high
correlations with other depression measures [54].

2. Anxiety

This outcome will be assessed by the Generalized Anxiety
Disorder seven item scale (GAD-7) [55]. The GAD-7 is a 7-item
self-report scale assessing how often participants experience
different symptoms of anxiety (eg, “feeling nervous, anxious,
or on edge”). Items are rated on a 4-point Likert scale including
0, not at all; 1, several days; 2, more than half the days; and 3,
nearly every day, yielding one total score. Scores of 5, 10, and
15 represent cutoffs for mild, moderate, and severe anxiety,
respectively. This scale has been demonstrated to be capable of
identifying probable cases of generalized anxiety disorder. It
demonstrates excellent reliability (α=.92) and validity [55] in
a general population [56] and in adolescents [57].

3. Stress

This outcome will be assessed by the 10-item Perceived Stress
Scale (PSS-10) [58,59]. The PSS-10 is a 10-item scale that
assesses the extent to which individuals have felt a range of
stressors over the last month. Participants are asked to rate how
often they experienced different stressful thoughts and feelings
(eg, “In the last month, how often have you felt that you were
unable to control the important things in your life?”) on a 5-point
Likert scale ranging from 0, never, to 4, very often. A total score
is calculated by reverse scoring items 4, 5, 7, and 8 and summing
all ten of the responses. Scores below 13 are considered to
indicate low stress, scores between 14 and 26 are considered to
indicate moderate stress, and scores between 27 and 40 are
considered to indicate high stress. The PSS-10 scale has superior
psychometric properties relative to other existing perceived
stress scales and has demonstrated good reliability and validity
[60].

4. Self-Compassion

This outcome will be assessed using the Self-Compassion
Scale–Short Form (SCS-SF) [61].The SCS-SF is an alternative
to the long form Self-Compassion Scale [62]. The SCS-SF
comprises 12 items that ask participants to rate how they
typically act toward themselves in different situations (eg,
“When I’m going through a very hard time, I give myself the
caring and tenderness I need”) on a 5-point Likert scale ranging
from 1, almost never, to 5, almost always. The SCS-SF has six
subscales (overidentification, self-kindness, mindfulness,
isolation, common humanity, and self-judgement) comprising
two questions each. Scores are calculated by reverse scoring
the negative subscale items, calculating the mean for each
subscale, and computing a total mean. Higher scores indicate
greater levels of self-compassion. The SCS-SF demonstrates
good reliability (α>.86), is highly correlated with the long form
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scale [49], and has shown adequate reliability in an adolescent
sample [63].

5. Sleep

This outcome will be assessed using a single-item Sleep Quality
Scale (SQS) [64]. This single-item questionnaire (“During the
past 7 days, how would you rate your sleep quality overall?”)
is assessed on an 11-point visual analog scale (VAS) from 0-10.
The VAS scores are anchored with 0, terrible; 1-3, poor; 4-6,
fair; 7-9, good; and 10, excellent. The SQS has demonstrated
excellent concurrent and convergent validity with other lengthier
sleep scales and has been deemed to be effective in determining
clinically meaningful changes in sleep quality [64].

6. User Engagement

This outcome will be assessed via two subscales (App Subjective
Quality, Perceived Impact) of the end-user version of the
uMARS [65]. The uMARS is a self-report scale designed to
assess the quality of health apps. The Subjective Quality score
for the app is derived from four items that determine user
experience (eg, “Would you recommend this app to people who
might benefit from it?”). These items are scored on a 5-point
Likert scale ranging from 1 to 5; however, each has different
anchors. Scores from this subscale can be reported individually
or as a mean total. The Perceived Impact score consists of six
items that measure the impact of using the app on knowledge,
attitudes, and intentions. The six items are reported as individual
items and measured on a Likert scale ranging from 1 to 5 (1,
strongly disagree; 5, strongly agree). The uMARS demonstrates
good internal reliability overall (α=.90), and the two subscales
demonstrate good to moderate reliability (α=.71 and .80) [43].
The scale also contains an open-ended question that asks: “Do
you have any further comments about the app?”

In addition to the uMARS, participants will also be asked the
following questions about their use of the Whitu app: (1) How
many modules did you complete? (2) On how many days did
you use the app? (3) What module was the most useful? Why?
(4) What did you like about the app? (5) How can we make the
app better for young people in the future? and (7) Did you
experience any technical difficulties with the app? If yes, what
happened?

Hypotheses and Statistical Analyses
It is predicted that the Whitu app group will demonstrate
improved well-being (increased emotional and mental
well-being), increased self-compassion, and improved sleep at
4-week and 3-month follow-up compared to the wait-list control
group. We also hypothesize that the Whitu app group will
demonstrate decreased stress, depression, and anxiety at 4-week
and 3-month follow-up compared to the wait-list control group.

Data will be analyzed in SPSS (IBM Corporation) or SAS (SAS
Institute). Prior to any data analysis, the data will be tested for
violations of statistical assumptions and screened for errors and
outliers. If parametric assumptions are not met due to
nonnormality, transformations or nonparametric tests will be
used. Pearson correlations (or Spearman ρ if nonnormal) will
be used to explore the relationships between the outcome
measures and demographic characteristics and other
psychosocial factors. ANOVAs or Kruskal-Wallis tests (if

nonnormal) will be used to explore associations between
categorical variables and outcome measures. Linear mixed
models will be used to determine whether changes in
psychological outcomes are the result of the interaction between
the intervention group and time, with post-hoc tests to assess
pairwise comparisons of groups at each time point and
within-group changes over time. Linear mixed models also
allow for missing data, as they enable all participants with
baseline data to be included in the analysis. We will also
examine possible 3-way interactions with age, sex, or ethnicity
(eg, age*group*time). Means, SDs, and CIs will be presented
with the analysis. Data will be subjected to both
intention-to-treat and per-protocol analyses. Per-protocol
analyses will include participants who report completing all
seven modules. Study results will be disseminated through
peer-reviewed journals and conferences.

Discussion

General Considerations
Through this mixed-methods study, we hope to develop a coping
skills app for young people in New Zealand aged 16-30 years
to use during and immediately following the COVID-19
pandemic and to provide preliminary evidence of its
acceptability and effectiveness at improving well-being and
other mental health outcomes. As young people of Māori and
Pacific ethnicity are already at greater risk of developing
psychological problems such as anxiety and depression, we
hope the app is particularly appealing and useful for young
people in these groups. As the app is based on proven strategies
and techniques for improving psychological well-being, we
hope it will also be of longer-term value to its users.

Limitations of this study may include low adherence and
attrition, which we have attempted to minimize by framing the
intervention as a resource that can be completed within seven
days. Another possible limitation is that we are only assessing
self-reported user engagement. In future prototypes, we hope
to also include app analytics to explore more objective measures
of user engagement. Lastly, as the app is tailored to New
Zealand youth aged 16-30 years, we will not be able to
generalize our findings to people younger than 16 years or those
outside New Zealand. However, if the app is effective in
improving well-being, we hope to conduct a larger and more
definitive study in the future that includes younger participants
and those outside New Zealand.

Conclusions
There is a pressing need for mental health professionals to create
appropriate resources and interventions to improve well-being
and help prevent mental health deterioration due to the
COVID-19 pandemic. Our study builds on our previous research
and addresses the clear needs to develop a mental health toolkit
to help New Zealanders cope with the COVID-19 pandemic
[66] and to develop a resource that is cost-effective and scalable
and that reduces mental health inequities.

We predict that use of the app will lead to maintenance of
well-being and reduced rates of anxiety and depression
throughout and immediately following the COVID-19 pandemic.
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In the longer-term, we hope that the skills learned via the app
will also result in reduced need to access mental health services
for COVID-19–related issues. Economically, improved
well-being, reduced mental health problems, and maintenance

of usual activities are likely to result in less societal workforce
disruption and loss of productivity. This project also provides
opportunities for future research collaboration to evaluate this
scalable and evidence-based app with an international audience.
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Abstract

Background: Poor diabetes self-management in emerging adulthood (age 18-25 years) is associated with poorer diabetes health
and diabetes complications. Emerging adults’ focus on individuation and independence underlies their poor diabetes outcomes,
offering a lever for behavior change. Self-determination theory (SDT) suggests that interventions leveraging emerging adults’
innate developmental need for autonomy may offer a route to improving diabetes outcomes by increasing feelings of responsibility
for and control over diabetes self-management activities.

Objective: This research project will use the multiphase optimization strategy to test the efficacy of three autonomy-supportive
intervention components to elicit a clinically significant improvement in metabolic control, assessed by a 0.5% improvement in
hemoglobin A1c (HbA1c), among older adolescents and emerging adults (16-25 years) with poorly controlled type 1 diabetes
(T1D; HbA1c≥9.0%).

Methods: A question prompt list (QPL) is a tool to empower patients to assume a more active role during medical visits by
asking questions and stating concerns. The motivation enhancement system (MES) is a brief counseling intervention that uses
motivational interviewing communication strategies to build intrinsic motivation and self-efficacy for self-management. Text
message reminders to complete diabetes care tasks may increase self-efficacy for diabetes self-management. After refining these
intervention components for emerging adults, we will conduct a component selection experiment using an eight-arm full factorial
design: 2 (QPL yes or no)×2 (MES yes or no)×2 (Text yes or no). Participants will complete 3 study visits: baseline, treatment
end at 2 months, and a follow-up at 6 months. The primary outcome is metabolic control, which will be measured via HbA1c.
Secondary outcomes include diabetes management and diabetes clinic attendance. SDT constructs of intrinsic motivation,
self-efficacy, and the quality of the patient-provider relationship (ie, relatedness) are hypothesized mediators. Depression symptoms
and emerging adults’ gender are hypothesized moderators. We will use the mixed-effects linear model for the analysis of variance
of a factorial design to analyze continuous longitudinal experimental data; the generalized linear model will be used with categorical
outcomes (eg, treatment attendance). The experiment was powered to detect the main effects of the intervention on the primary
outcome.

Results: A total of 20 participants have enrolled and completed a qualitative interview after reviewing one or more intervention
components. Analysis of interview data are underway, with a report of these results anticipated in the fall of 2020. The clinical

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e20191 | p.156http://www.researchprotocols.org/2020/10/e20191/
(page number not for citation purposes)

Idalski Carcone et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:acarcone@med.wayne.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


trial will be launched in the fall 2020, with participants enrolled through May 2023 and data collection continuing through
November 2023.

Conclusions: At the end of this experiment, we will have empirical evidence to support a large-scale, multisite effectiveness
trial of an intervention package that has been optimized for older adolescents and emerging adults with poorly controlled T1D.

Trial Registration: ClinicalTrials.gov NCT04066959; https://clinicaltrials.gov/ct2/show/NCT04066959

International Registered Report Identifier (IRRID): DERR1-10.2196/20191

(JMIR Res Protoc 2020;9(10):e20191)   doi:10.2196/20191

KEYWORDS

emerging adults; type 1 diabetes; self-determination theory; motivational interviewing

Introduction

Background
Diabetes management involves a regimen of daily blood glucose
monitoring, insulin administration, and carbohydrate monitoring
[1], a complex and demanding care routine that is primarily
under the control of the patient [2]. Once considered a transient
time of poor type 1 diabetes (T1D) management, the persistence
of suboptimal diabetes management from adolescence into
emerging adulthood (the unique developmental period between
adolescence and adulthood, age 18-25 years [3]) is increasingly
evident [4,5]. Studies of emerging adults suggest that rates of
self-reported diabetes management are no different than those
of adolescents [6]. Emerging adults complete fewer blood
glucose checks per day and are more likely to miss insulin doses
than older adults, a pattern of diabetes management associated
with elevated hemoglobin A1c (HbA1c) levels, the standard
measure of glycemic control, and diabetes disease control [7].
Poor diabetes management in emerging adulthood has been
attributed to factors such as a continuation of the decline in
parental involvement in diabetes care that begins in adolescence
[6] and the characteristic developmental focus of this age group
on identity exploration, increasing independence, developing
social networks, including increased peer and romantic
relationships, new opportunities and choices, and becoming less
reliant on parental support and oversight [3].

Entering adulthood with inadequate diabetes management
increases the risk for gaps in health care [8] and overreliance
on the emergency department for primary health care needs
[9,10]. Consequently, the HbA1c levels of emerging adults are
similar to those of adolescents, with mean levels in the range
of 8.4%-9.3% (SD 1.2-2.4) [6,11] and an estimated 83% of
emerging adults failing to meet glycemic control
recommendations [11]. Further, poor metabolic control is not
the only consequence of inadequate diabetes management
[12,13]; it is also associated with short- and long-term diabetes
complications, which can appear as early as 5 years post
diagnosis [14]. Thus, emerging adulthood and the period
immediately preceding it are critical times for intervention.
Despite this, no intervention study specifically targeting older
adolescents’ and emerging adults’ T1D self-management has
demonstrated improvement in diabetes management or health
outcomes [15].

The developmental need for autonomy is particularly salient
during late adolescence and early adulthood [3,5], making this

an optimal time for interventions focused on improving capacity
for independent self-management. The proposed study will test
a new intervention designed to align with emerging adults’
developmental need for autonomy based on self-determination
theory (SDT), an empirically derived theory of human
motivation. SDT posits that autonomous (ie, self-initiated, driven
by intrinsic vs extrinsic motivation [16]) behavior depends upon
the fulfillment of 3 innate psychological needs: autonomy, or
the perception that one’s behavior is self-directed; competence,
or self-efficacy; and relatedness, or the existence of caring
relationships supportive of the behavior [17,18]. Interventions
grounded in SDT have been empirically linked to enhanced
feelings of autonomy [19-21] and competence [21] as well as
improvements in glycemic control [20-22] and related health
outcomes [19] among adults with diabetes. Among adolescents
and emerging adults with diabetes, interventions to improve
self-management and glycemic control have been few. Husted
et al [23] found that guided self-determination delivered by
diabetes clinicians in a clinic setting increased adolescents’
perceptions of autonomy and decreased amotivation for diabetes
self-management but did not improve metabolic control.
Autonomy-supportive T1D camps increased adolescents’sense
of relatedness but did not change autonomy and competence;
glycemic control was not examined [24]. Neither study
examined the effect of autonomy-supportive interventions on
diabetes self-management behavior. Most interventions targeting
older adolescents and emerging adults have focused on
strengthening family and peer support for diabetes management
or on addressing psychological barriers (eg, mood) [25]. Few
have targeted older adolescents’and emerging adults’own sense
of responsibility for and control of their own health.

Aims
In this paper, we present the protocol for a research project (NIH
R01DK116901; Multimedia Appendix 1). The goal of this
project is to develop an optimized, guided eHealth
autonomy-supportive intervention to improve metabolic control
through improved diabetes self-management among older
adolescents and emerging adults (16-25 years) with poorly
controlled (HbA1c≥9.0%) T1D. We have developed three
self-management intervention components with theoretical and
empirical links to SDT, each of which can function
independently or in combination with the other components.
The first is a question prompt list (QPL), a simple, inexpensive
communication tool comprising a list of questions related to
the physical and psychosocial aspects of illness and treatment
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that patients may want to ask their physicians during a clinic
visit [26,27]. Theoretically, participating actively during medical
visits increases patients’ feelings of control (autonomy) and
competency (self-efficacy), which, in turn, empowers them to
actively complete their medical care outside of medical visits.
Adult cancer patients who arrive at their medical visit prepared
with a QPL ask more questions and state more concerns
assuming a more active role during medical visits [28-30]. There
are no published studies using the QPL with older adolescents
and emerging adults with T1D; however, a study of adolescents
with asthma found that QPL increased confidence and helped
adolescents think of and remember to ask their provider
questions [31]. The second component is a brief counseling
intervention, the motivation enhancement system (MES). MES
uses communication strategies derived from motivational
interviewing (MI) [32-34] to directly enhance intrinsic
motivation and self-efficacy for self-management. Emerging

adults living with HIV and asthma reported that the MES
intervention increased their motivation to engage in health
behaviors [35,36], adherence to medical regimens [37,38], and
associated health outcomes [37,39]. MES improved parental
monitoring of preadolescents’ T1D care and glycemic control
[40]. Preadolescents reported improved motivation (importance)
for diabetes care, greater empowerment to complete diabetes
care, and enhanced support from family [41]. The third
component is automated text message reminders to complete
diabetes care. Engaging patients between routine diabetes clinic
visits via text may increase self-efficacy for diabetes
self-management [42-46]. Doing so also generates feelings of
social support [47] and a caring relationship (relatedness) even
when patients know the text messages are automated [44].
Figure 1 illustrates the theoretical model guiding the
intervention.

Figure 1. Theoretical model of the proposed intervention components.

The primary aim of this study is to test the efficacy of the QPL,
MES, and text intervention components to improve older
adolescents’ and emerging adults’ metabolic control (primary
outcome) and diabetes management behavior (secondary
outcome). We hypothesize that at the end of treatment (2
months) and at follow-up (6 months), older adolescents and
emerging adults with poorly controlled T1D who receive one
or more of the intervention components will demonstrate a
clinically significant improvement in metabolic control
(improvement in HbA1c≥0.5%) and a statistically significant
improvement in self-reported and objectively measured
(frequency of blood glucose monitoring) diabetes management
behavior. Secondary aims include examining whether changes
in SDT constructs (self-reported autonomy, self-efficacy, and
patient-provider relationship) mediate intervention effects on
primary outcomes at the end of treatment (2 months) and at
follow-up (6 months). We also aim to explore whether treatment
participation improves diabetes clinic visit attendance and
whether gender and depressed mood moderate intervention
effects.

Methods

Design
This study will use a factorial trial model following the
multiphase optimization strategy (MOST) [48,49]. The MOST
design is an efficient approach to develop a multicomponent
intervention in which the final intervention components are
tested against an a priori defined optimization criteria. The
MOST design involves 3 phases: preparation, optimization, and
evaluation (Figure 2 [49]). In the preparation phase, a
theoretical model for intervention is derived, intervention
components are selected, the optimization criteria for
intervention component selection are identified, and preclinical
pilot and/or feasibility studies may be undertaken. In this study,
we will invite members of the target population (ie, emerging
adults with T1D) to review and provide feedback on three
existing intervention components and then refine the components
based on their feedback. In the optimization phase, we will
conduct a component selection experiment using a randomized
factorial research design to build an autonomy support
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intervention that has been optimized for efficacy. We will use
a clinically significant improvement in metabolic control
(decrease in HbA1c, HbA1c≥0.5%) as the optimization criterion
for determining which intervention components should be
retained in the multicomponent intervention. We chose efficacy
as the optimization criterion because the eHealth intervention
components, once developed, are relatively low cost (a common
optimization criterion) to implement and sustain making a
clinically significant reduction in HbA1c the most persuasive
optimization criterion for clinicians and potential payers. The
MOST approach offers distinct advantages over the traditional
multiple pilot randomized clinical trial approach. Including all
participants in the analysis will enable an efficient, simultaneous

investigation of the efficacy of each intervention component as
well as synergies resulting from combinations of intervention
components. Thus, this component selection experiment is
analogous to conducting multiple pilot randomized clinical trials
to evaluate the efficacy of each of the three intervention
components and the combination of intervention components
using only a fraction of the sample size and resources. At the
end of this study, we will have empirical evidence supporting
the efficacy of each intervention component and estimates of
the efficacy of the intervention package as a whole to improve
metabolic control, diabetes self-management, and diabetes clinic
attendance. Empirical evidence from this study will inform the
design of a large-scale, multisite effectiveness trial of the
optimized intervention package.

Figure 2. The multiphase optimization strategy study design.

As shown in Figure 3, the component selection experiment will
use an eight-arm full factorial design: 2 (QPL yes or no)×2
(MES yes or no)×2 (text yes or no). In arms 1-3, participating
youth will receive one of the three intervention components, in
arms 4-6 two components; arm 7 will include all three
components, and arm 8 will be the standard care control. This
design will allow us to evaluate the main effect of each
intervention component and explore whether combinations of
components have synergy (interaction effects). The experiment,
powered on the main effects, will require 320 (296 after attrition)
older adolescent and young adult participants (16-25 years) with

poorly controlled T1D (HbA1c≥9.0%). Participants will complete
3 study visits: baseline and 2 and 6 months. The intervention
period is 30 days with MES session 1, and text message
reminders initiated 1 week after the baseline visit. MES session
2 occurs 30 days later with the text intervention occurring
between the two MES sessions. The QPL is delivered 2 weeks
before the participant’s next diabetes clinic visit; hence,
participants will be enrolled approximately 1 month before an
upcoming diabetes clinic visit to ensure that the QPL occurs
during the intervention period. The participant timeline is shown
in Figure 4.
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Figure 3. Full factorial 2×2×2 component selection experimental design in which 40 participants will be randomized to each study arm.

Figure 4. Participant timeline. CV: clinic visit; MES: motivation enhancement system; QPL: question prompt list; T: time; TXT: text message reminders.

Setting and Participants
Participants will be recruited from two Wayne State University
School of Medicine sites, both located in Detroit, Michigan.
We will invite eligible youth from the pediatric diabetes clinics
at the Children’s Hospital of Michigan (CHM) and the adult
comprehensive diabetes clinics at the Detroit Medical Center’s
(DMC) University Health Center (UHC). We will target older
adolescent and emerging adult patients aged 16 to 25 years,
inclusive, who have been diagnosed with T1D for at least 6
months and have an elevated HbA1c (HbA1c≥9.0% currently
and averaged over the previous 6 months). We select this age
range based on expert recommendations for when autonomous
diabetes management is appropriate [14]. We will not exclude
youth based on comorbid mental health problems (eg,
depression) with the exception of conditions (ie, thought
disorders, psychosis, autism, developmental delay, and
suicidality) or problems of a severity that compromise data
integrity, intervention participation, or youths’ability to assume
autonomous diabetes care. Nor will we exclude based on the
presence of comorbid physical health problems unless the
diagnosis of diabetes is secondary to another chronic medical
illness (eg, cystic fibrosis) or results in atypical diabetes
management. Due to the minority of non-English speaking youth
at CHM and UHC, the ability to speak and read English will be
required. Finally, youth will also be required to have access to

a mobile device with texting capability on which they can
receive the intervention components.

Procedures

Recruitment and Retention
Following procedures approved by the institutional review
board, we will mail a letter, cosigned by our clinician
collaborators, introducing the research study to all potentially
eligible youth and the caregivers of minor youth. This strategy
will ensure that all eligible youth are informed of the study with
adequate time to enroll. It will also permit disinterested youth
the opportunity to opt out of being contacted regarding the study.
Research assistants (RAs) will follow-up with potentially
eligible youth and the caregivers of eligible minors by telephone
to present the details of the study and assess their interest in
participating. If the recruitment letter is returned undeliverable
or RAs are unable to establish contact by phone, clinicians will
introduce the study at a diabetes clinic visit and obtain a release
of information and updated contact information for follow-up.
RAs will obtain informed consent or, in the case of participants
<18 years old, parental consent and youth assent before data
collection. We will use multiple techniques to minimize
follow-up attrition, including collecting detailed contact
information (including three contact persons), advanced
scheduling, and multiple reminder mailings and phone calls.
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Data Collection
Given this population’s known propensity to miss clinic visits,
we will conduct all study visits in youths’ homes. One month
before an upcoming diabetes clinic visit, participants will have
their first study visit at which the RA will obtain informed
consent, baseline measurements, and download the intervention
software app to the participant’s preferred device (eg, phone or
tablet). The postintervention study visit will occur 2 months
after baseline and is timed to occur immediately after the
completion of the interventions. A second follow-up study visit
will occur 6 months after baseline to assess the sustainability
of intervention effects. RAs will collect self-report data using
REDCap, a Health Insurance Portability and Accountability
Act -compliant electronic data capture system. RAs will
manually download glucose meters and extract medical chart
data obtained as part of the routine medical care encounter onto
paper-based forms for direct data entry. The results of HbA1c

tests will be similarly entered from laboratory test result forms.
RAs will offer participants US $50 for completing each of the
three data collections (US $150 total).

Randomization
Participants will be randomly assigned to one of the eight
intervention conditions following their first study visit. We will
stratify randomization by HbA1c (high: >11.5% vs low: ≤11.5%
based on the median HbA1c in our prior T1D intervention studies
with emerging adults). As HbA1c is strongly associated with
age [14], race [50], and insulin treatment [14], we effectively
control for these other variables via this strategy. We will use
a permuted block algorithm with blocks of eight within each
HbA1c stratum. Permuted blocks have the advantage of ensuring
balance between treatment arms for important prognostic
variables without unmasking the next treatment allocation [51].
To keep data collection staff blind to the youth’s treatment
status, one RA will have exclusive data collection
responsibilities. A data analyst, under our biostatistician’s
supervision, will develop the randomization schedule and
convey treatment assignments to the intervention coordinator
who will deliver treatment assignments and initiate and monitor
treatment protocols.

Interventions
During the first study visit, the RA will ensure that the
participant can access the intervention via their preferred device
(either as a mobile web app for Android devices or as a hybrid
app on iOS devices) and will explain the different intervention
conditions. Within 1 week of this visit, the intervention
coordinator will contact youth by phone to notify them of their
randomization assignment and initiate their intervention(s).
Participants will be triggered to complete intervention
components via text message–delivered hyperlinks. The
intervention coordinator will monitor youths’ treatment
completion rates, providing support and technical assistance as
needed. Conversations between the intervention coordinator
and youth will be audio recorded. These audio recordings will
be randomly selected on a biweekly basis for the assessment of
protocol fidelity. Drift from the delivery protocol will be
addressed with retraining.

All three intervention components will be delivered using
communication strategies derived from MI, a method of talking
with people about their behavior in a way that is simultaneously
client-centered and directive [34,52]. The MI framework is an
autonomy-supportive intervention with strong empirical support
for eliciting behavior change through intrinsic motivation. MI
is consistent with SDT [53,54], as the goal of MI is to increase
intrinsic motivation and self-efficacy for engaging in
health-promoting behaviors [55]. In addition, emphasis on
patients’ decision-making autonomy is a critical element of MI
spirit, the relational component of MI [32-34]. The technical
component of MI, that is, the use of communication techniques
consistent with the MI framework [56], leads to behavior change
through the elicitation of patients’ statements of intrinsic
motivation (ie, change talk, statements about patients’ own
desire, ability, reasons, and need for behavior change, and
commitment language, patients’statements about their intentions
and plans for change). The empirical link between change talk,
commitment language, and behavior change is well established
[57], and evidence is growing to support the role of providers’
use of MI-consistent communication strategies in eliciting
patient motivational statements [58-66]. We have previously
demonstrated that clinician use of autonomy-supportive
statements has been empirically linked to patient statements of
intrinsic motivation [67,68]. This knowledge is integrated into
the three intervention components for this study by including
statements that explicitly emphasize decision-making autonomy.

Computerized Intervention Authoring Software

All three interventions will be developed and delivered via the
Computerized Intervention Authoring Software (CIAS), version
2.0 (Interva, Inc) CIAS 2.0 is an e-intervention authoring tool
that generates HTML5 mobile web apps with a responsive
design capable of being deployed on any web browser and
accessed via any device (eg, Apple or Android) of any size (ie,
automatically reformats for optimal viewing on any size screen).
As interventions built using CIAS 2.0 feature an animated
narrator and a voice that reads content out loud for each screen
and as iOS devices specifically disallow automatic triggering
of sound files, participants with iOS devices access content via
a hybrid app approach. The current mobile version of CIAS has
an enhanced feature set including improved voice quality for
narrated content and an updated appearance. Although mobile
web and hybrid apps require internet access, 96% of Americans
aged 18-29 years report consistent internet access [69].
Furthermore, technology-based interventions are ideal for youth
who already have technology (cell phones and computers)
integrated into their natural ecology [70-72]. Mobile web apps
offer several advantages over native apps in that they do not
require separate programming for different platforms, are less
expensive to build and maintain, updates are centralized and
automatic, they are more easily accessible and shared, and
require negligible device storage space. Thus, mobile web apps
exclude only a minority of youth and are consistent with trends
toward ubiquitous device ownership and ready access to the
internet.

Diabetes QPL

A QPL is a simple, inexpensive communication tool composed
of questions related to the physical and psychosocial aspects of
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illness and treatment that patients may want to ask their
physicians during a clinic visit [26,27]. QPLs are grounded in
social cognitive theory, which posits that behavioral
performance is largely a function of confidence in one’s ability
to perform the behavior (self-efficacy) and the expectation that
the behavior will result in the desired outcome [73]. Patients
prepared with a QPL are more likely to ask questions and state
their concerns, enabling shared decision-making and bolstering
self-efficacy.

The diabetes QPL content development will be guided by the
American Diabetes Association’s guidelines for diabetes
treatment [14] and the empirical literature on factors that
influence diabetes management during emerging adulthood.
The diabetes QPL will focus on common questions about the
management of T1D, various treatment options, complications,
psychosocial adjustment, and transitioning to adult medical
care. A diabetologist and a certified diabetes nurse educator
will review the diabetes QPL for clinical relevance. Ten
members of the target population will provide feedback on its
relevance and acceptability via a semistructured interview. The
QPL will be further refined based on this feedback.

Within 1 week of the first study visit, the intervention
coordinator (an unblinded research assistant) will contact the
youth randomized to the QPL by phone to explain the QPL.
Approximately 2 weeks before their diabetes clinic visit, the
youth will receive a text message containing a link to complete
the QPL. The youth will receive reminders to complete the QPL
every 3 days, escalating to daily reminders for the 3 days before
the clinic visit. Upon completion, the personalized QPL will be
emailed to the youth with a message reminding them to bring
their QPL to their upcoming diabetes clinic visit. Additional
reminders to bring the QPL to the diabetes clinic visit will be
sent 1 week before and the day before the scheduled clinic visit.

MES

MES is a brief, computer-delivered intervention to enhance
intrinsic motivation for behavior change. MES is grounded in
t h e  M I  f r a m e w o r k  [ 3 2 - 3 4 ]  a n d  t h e
information-motivation-behavioral skills (IMB) model of health
behavior change [74]. The IMB model posits that behavior
change results from the joint function of 3 critical components:
accurate information about risk behaviors (eg, risks of poor
diabetes self-management) or replacement health behaviors (eg,
benefits of effective diabetes self-management), motivation to
change behavior, and having the behavioral skills necessary to
perform the behavior (eg, self-efficacy) [75]. The MES system
delivers therapeutic content with high fidelity to MI principles.
An animated character (avatar) guides patients through the
intervention, reflecting back their responses with affirmations
to boost self-efficacy and making statements emphasizing
personal choice. The avatar speaks, moves/points, and displays
emotional responses such as surprise, sadness, or thoughtfulness,
as appropriate. The inclusion of a lifelike, synchronously
interactive avatar (ethopoeia) is related to better treatment
outcomes [76].

The 3Ms MES is a brief (>15 min), two-session mobile health
intervention originally developed to improve preadolescents’
motivation for diabetes management behavior, that is,

monitoring blood glucose, medication/insulin adherence, and
meal/carbohydrate counting [41]. Session 1 begins with
psychoeducation describing optimal diabetes self-management
(ie, information). Youth’s motivation (operationalized as the
importance of diabetes self-management) and self-efficacy
(operationalized as confidence for diabetes self-management)
are assessed, followed by exercises designed to increase or
reinforce his/her current motivational state (eg, decisional
balance) and build self-efficacy (eg, building on strengths and
past success). Session 1 concludes with goal setting to promote
autonomous diabetes self-management and provides the
participant with optional strategies for improving diabetes
management. Session 2 begins with an assessment of progress
toward the behavioral goal and proceeds to build motivation
and self-efficacy with exercises consistent with the youth’s
current motivational state. Session 2 concludes with goal setting
to promote autonomous diabetes self-management. The content
of the 3Ms MES will be refined to be more consistent with the
needs of older adolescents and emerging adults with T1D.
Specifically, we will edit the avatar’s language to more strongly
emphasize youths’ autonomy as it relates to diabetes
self-management and edit the interactive components (ie,
reasons to engage in self-management activities, potential past
successes, and personal strengths/weaknesses) to be
developmentally consistent with emerging adulthood. A
diabetologist will review the MES for clinical relevance, and
10 members of the target population will provide feedback on
its relevance and acceptability via a semistructured interview.
The MES will be further refined based on this feedback.

Within 1 week of the baseline data collection, the intervention
coordinator will contact youth randomized to MES by phone
to explain the intervention and initiate session 1 via a link sent
by a text message. Thirty days after the initial session, youth
will receive a link to complete session 2. Youth will receive
weekly reminders to complete the sessions until they complete
the session or the intervention period has elapsed.

Text Message Reminders

Text message reminders (one-way) are a behavioral support
strategy with theoretical support from social cognitive theory.
Text message reminders promote adherence by increasing the
likelihood that health-related tasks are completed, which leads
to perceptions of control over health behavior and supports goal
attainment [77]. We will refine a one-way text messaging
protocol previously developed and evaluated with young adults
with moderate to severe persistent asthma [39]. Youth will
receive 30 days of one-way text message reminders. Messages
will be tailored according to the youths’ preferred behavioral
target derived from the 3Ms MES intervention, that is, youth
may choose to receive text messages to monitor their blood
glucose, take their insulin, count carbohydrates, or all 3
behaviors. They will be given the ability to opt out of text
message reminders (none did in the asthma study [39]). Youth
that do not opt out will receive daily text messages but will
choose at what time(s) of day to receive their reminders. A
diabetologist will review the text message reminders for clinical
relevance, and 10 members of the target population will provide
feedback on its relevance and acceptability via a semistructured
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interview. Text message reminders will be further refined based
on this feedback.

Within 1 week of the baseline data collection, the intervention
coordinator will contact youth randomized to text by phone to
explain the intervention. The intervention coordinator will solicit
a target behavior (ie, monitoring, medicine, meals, or all 3)
using standardized language. The intervention coordinator will
also finalize the reminder schedule and other logistics. Youth
will then receive 30 days of one-way text message reminders
consistent with their diabetes management goals and delivery
preferences.

Standard Medical Care

All participants will continue to receive standard medical care
at 1 of the 2 DMC clinical sites: CHM or the UHC
comprehensive diabetes clinic. DMC’s clinical practices are
consistent with the standards of T1D care recommended by the
American Diabetes Association. Established patients with T1D
visit a DMC diabetes clinic every 3-4 months for routine
diabetes medical care provided by an endocrinologist and/or
nurse practitioner.

Measures
All measures have previously been used with adolescent
populations; however, we will assess their psychometric
performance before analysis.

Metabolic control is the primary outcome and will be measured
using HbA1c. HbA1c is an indirect and retrospective measure of
average blood glucose levels over the previous 2-3 months. The
Accubase A1c test kit manufactured by DTI Laboratories will
be used to measure HbA1c. This kit is United States Food and
Drug Administration approved and uses a capillary tube blood
collection method instead of venipuncture, making it suitable
for home-based data collection by nonphlebotomists. DTI uses
high-performance liquid chromatography to analyze the blood
sample; the reagent solution contains 1 ml of
ethylenediaminetetraacetic acid and 0.025 mom/l potassium
cyanide, a blood preservative. A custom lot of test kits will be
ordered to minimize variability across test kits. The Accubase
test kit is comparable with HbA1c obtained from venous whole

blood (r2=0.987) [78].

Diabetes management is a secondary outcome and will be
assessed via self-report and objective measures. The diabetes
management scale (DMS) [79] is a self-report measure of daily
diabetes care that assesses a broad range of management
behaviors, including insulin management, dietary management,
blood glucose monitoring, and symptom response. Questions
ask “What percent of the time do you [eg, take all your insulin
doses every day]?”, with a 0%-100% response scale. The DMS
has been adapted for intensive insulin regimens with good
internal consistency (α=.74 to .84) [80]. RAs will download
glucose monitors to obtain objective data on the frequency of
blood glucose monitoring. Data for participants using a blood
glucose meter will be reported as the mean daily frequency of
blood glucose testing during the 14 days before assessment.
Continuous glucose monitoring data will be reported as the
proportion of days the monitor was worn out of 14.

SDT constructs are mediators and will be assessed via
self-report. The treatment self-regulation questionnaire (TSRQ)
assesses the extent to which youth perceive their behavior as
intrinsically (autonomous) or extrinsically (controlled externally)
motivated [81]. The diabetes version of the TSRQ is valid and
reliable (α=.80 to .86) [20]. Items (N=19, 7-point Likert) form
2 subscales, autonomous and controlled regulation, and an
overall scale, the relative autonomy index [82]. Two versions
of Rollnick’s readiness ruler [83] will be used to assess
adolescents’ motivation to change their diabetes
self-management routines. The importance ruler assesses
individuals’ perceptions of the importance of changing their
blood glucose testing frequency, taking prescribed doses of
insulin, and adhering to dietary recommendations. The
confidence ruler assesses an individual’s confidence
(self-efficacy) in their ability to implement changes in
self-management [33]. Both rulers use a 1 (not ready to change)
to 10 (already trying to change) rating scale. Items are summed
to obtain the total motivation for change score. Behavior-specific
rulers have been widely used and are related to adolescent
medication adherence [84], treatment dose [85], and treatment
outcomes [86]. Cronbach α=.71 in previous research with the
study population [87]. Self-efficacy for diabetes
self-management will also be assessed using the diabetes
empowerment scale (DES) [88] and the perceived health
competence scale (PHCS) [89]. DES has 28 items assessing 3
domains of diabetes self-efficacy: managing the psychosocial
aspects of diabetes, assessing dissatisfaction and readiness to
change, and setting and achieving diabetes goals. DES is a
widely used measure with demonstrated reliability (α=.96),
validity [88], and sensitivity to change with improvements in
HbA1c [90]. PHCS (8 items, 5-point Likert) will be modified
to assess perceptions of diabetes (vs health) competence. PHCS
is reliable (α=.82 to .90) and valid (associated with health
intentions and behavior) [89]. The patient-provider relationship
will be assessed with the health care climate questionnaire
(HCCQ) [91]. Participants use a 7-point Likert scale to rate 18
items in 2 domains: communicative support and practical
support. The HCCQ is reliable (α=.87) and valid. The patient
activation scale (PAS) was derived from the observation scale
of the same name developed by Street et al [92]. The PAS
consists of 19 items rated on a 5-point Likert scale comprising
2 scales, patient-centered communication and patient active
participation.

Due to the comorbidity of depression and diabetes [93,94] and
the moderating role of depression on self-efficacy in chronic
illness self-management [95], symptoms of depression will be
measured with the Center for Epidemiologic Studies Depression
Scale (CES-D) [96]. The CES-D is a widely used, 20-item
self-report scale that has been validated for use with adolescents
[97].

The investigator-developed family information form will be
used to collect demographic information, such as age, gender,
race/ethnicity, family structure, and income level. Clinical data,
including type of diabetes regimen (ie, traditional injections,
intensive injections, and insulin pump), duration of diabetes,
and other relevant clinical variables, will be extracted from the
participants’ medical records. Diabetes clinic attendance will
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also be extracted for the 6-month periods before and after study
initiation.

The client evaluation of treatment (CET), an
investigator-developed measure to assess participants’
perceptions of the usability, comprehensibility, comfort with,
and usefulness of the intervention components, will be
completed at the first follow-up data collection visits. Sample
questions include “Do you feel this question list/computer
session/text messaging program will be useful for you?” and
“How easy was it for you to use the question list/computer
session/text messaging program?”, with a 4-point Likert
response scale.

Data Analysis Plan
The data analysis plan is twofold. Qualitative interview data
collected during the intervention refinement phase will be
analyzed using thematic analysis. Quantitative experimental
data will be analyzed using the mixed-effects linear model for
the analysis of variance (ANOVA) of a factorial design to
identify the intervention components that significantly contribute
to a clinically significant improvement in HbA1c (ie, a ≥0.5%
decrease from baseline).

Framework matrix analysis (FMA) is an efficient, systematic
approach to conducting thematic analysis [98]. An FMA analysis
begins with the construction of a matrix in which the rows are
based on content areas derived from the interview guide and
the columns represent respondents. Two coders will first
familiarize themselves with the data by reviewing the interview
data. They then independently code the interviews by charting
a summary of participant feedback into the matrix. Coders will
meet after every interview to review and compare their matrices.
Discrepancies will be resolved through a review of the audio
and discussion, resulting in the construction of a final
consensus-coded matrix. Together, the coders will identify
emergent themes summarizing youths’ feedback. Data analysis
will be ongoing during the data collection process. We will
solicit feedback from up to 10 youth, stopping interviews if
there is evidence of data saturation [99], that is, interviews are
no longer generating new feedback.

Analysis of experimental data will begin with descriptive
statistical analyses. The biostatistician will first characterize
data heterogeneity and document the distributions of HbA1c,
the primary outcome, and all secondary and exploratory
outcomes (ie, diabetes management and clinic attendance). The
data will be examined for out-of-range values, outliers, and
abnormal values using graphical methods (eg, boxplots and
histograms) and descriptive statistics. Unexpected findings will
prompt the checking of raw data for accuracy of data entry and
recording. The effect of the intervention components on the
longitudinal measures of HbA1c will be examined using the
mixed-effects linear model for the ANOVA of a factorial design.
This model will include a fixed effects indicator for each
intervention component (QPL, MES, and text), time, and all
interactions with time. Random intercepts will be used to
account for the longitudinal nature of the data. Each model will
include a random intercept and slope and fixed effects for

treatment combinations (=23) and time as well as the

stratification variable (eg, high/low HbA1c). Before evaluating
which components contribute to a potential reduction in HbA1c,
models comparing the treatment with all three components and
the control treatment will be examined to determine whether
the complete intervention was efficacious. If this statistical test
is significant, components resulting in a significant reduction
in HbA1c will be identified by examining the interactions
between the main effects and time using the strategy advocated
by Collins et al [100], which begins with the simplest effects
and only adding higher-order interactions if needed. Significance
thresholds will be set at α=.05 for the test of total effect
(difference between the treatment with all three components
and the control treatment) and α=.1 to identify which
components contribute to the total effect. A higher alpha value
will be used for the component selection test because it reduces
the likelihood of not selecting a component that contributes to
the total effect. Secondary and exploratory outcomes (diabetes
management and treatment attendance) will be analyzed using
a similar approach but are not powered. As treatment attendance
is not a continuous outcome, a generalized linear model will be
employed.

The power analyses examined the sample size required to detect
clinically meaningful group differences using a mixed effect
model. The proposed experiment quantifies the effects of the
three experimental treatment components. Factorial trials are
most often powered to detect the main effects of interventions,
as adequate power to detect plausible interactions requires a
greatly increased sample size [101]. As two primary hypotheses
have been proposed, the Hochberg alpha adjustment will be
used in hypothesis testing. The smaller of those sequential alpha
levels of .025 was used in our estimates of the
multiplicity-adjusted sample sizes [102]. On the basis of the
simulation, the protocol proposes recruitment of 296 participants
(37/condition) for a standardized medium effect size (Cohen
d≥0.47). After adjusting for 10% attrition, our final projected
sample size is 320 (40/condition), which is sufficient to preserve
>80% power. The power analysis was completed in SAS (SAS
Institute Inc) 9.3 software using the mixed linear model
procedure. Strong preliminary support for each intervention
component’s efficacy suggests that each intervention component
will uniquely contribute to the overall intervention’s efficacy.
Thus, the study has sufficient power to determine whether any
combination of the intervention components is efficacious in
improving older adolescents’ and emerging adults’ metabolic
control (HbA1c, H1) or self-reported diabetes management
behaviors (H2).

The role of sex and baseline depression status (high vs low) as
moderators will be explored. These results will not be used for
treatment decision-making but instead could guide the design
of subsequent confirmatory trials (eg, inclusion/exclusion
criteria). The focus will be on the magnitude of the effect, as
recommended by Kraemer et al [103], not on significance. Fixed
effects linear regression models will be used for the exploratory
analyses of moderators. The dependent variable (HbA1c) will
be expressed as a change from baseline to treatment endpoint.
Independent variables include treatment and one hypothesized
moderating effect per model. To demonstrate evidence of the
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effect of each hypothesized moderator, there must be a treatment

by moderator interaction with R2≥.05. Treatment effect sizes
will be estimated for each level of the moderator.

The hypothesis that SDT constructs (autonomy, self-efficacy,
and the patient-provider relationship) will mediate intervention
effects on primary outcomes at the end of treatment (2 months)
and at follow-up (6 months) will also be assessed using fixed
effects linear regression models. The dependent variable will
be change in the primary outcome from baseline to months 2
and 6. Independent variables will include treatment and one
hypothesized mediating effect (specified as change from baseline
to months 2 and 6). Initially, the main effects will be tested with
subsequent models examining the incremental contribution of
the treatment by mediator interaction. Either a main effect of
the mediator or treatment by mediator interaction would provide
evidence of a mediator effect [103].

Attrition introduces bias and reduces power, precision, and
generalizability [104]. To offset these threats and in keeping
with the intention-to-treat principle, intervention termination
and study termination will be distinguished, and all efforts to
continue study assessments for the entire course of the study,
even among those who do not continue with randomized
treatment, will be undertaken [105]. The proposed mixed-effects
models will incorporate all available data, even from subjects
who do not complete the trial. Mixed-effects models yield valid
inferences assuming ignorable attrition [106]. Two approaches
will be used to examine the sensitivity of the assumption of
ignorable attrition. First, we will use a pattern mixture model
[107] to examine response to treatment among participants with
various dropout patterns and implemented using a longitudinal
strategy [108]. Second, we will ask subjects at each assessment
session to rate their intent-to-attend the next assessment session
on a Likert scale and, at baseline, to rate their intent to complete
the study [109]. This variable will be used in sensitivity analyses
as a baseline covariate. Estimates of the treatment effect from
the models described above will be compared with models that

also include the main effects of either dropout pattern or
intent-to-attend.

Results

At the writing of this report, intervention refinement activities
are underway. As of July 2020, 20 participants have been
enrolled and have completed a qualitative interview after
reviewing one or more intervention components. The
interventions are being further refined in response to this
feedback. Analysis of interview data are underway, with a report
of these results anticipated in the fall of 2020. The clinical trial
phase is contingent on the intervention refinement activities
and, thus, will be launched in the fall 2020. Participant
enrollment is scheduled through May 2023, with intervention
delivery wrapping up about 1 month later, in June 2023. Data
collection activities will continue through November 2023, at
which point study activities will focus on data analysis,
dissemination, and preparing the next phase of the research, for
example, developing an effectiveness trial proposal.

Discussion

This research addresses the problem of poor diabetes
management among adolescents that persists into early
adulthood. We leverage the developmental needs of older
adolescents/emerging adults for independence and autonomy
in the construction of a multicomponent intervention that
translates a basic social science theory, SDT, into three
autonomy-supportive intervention components with
demonstrated efficacy in similar populations and/or problems:
a QPL, a MES (an eHealth intervention), and text message
reminders. These intervention components will be vetted by the
target population of emerging adults and then efficacy tested
using the MOST, an efficient method of intervention
development resulting in a potent, efficacious multicomponent
intervention.
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TSRQ: treatment self-regulation questionnaire
UHC: University Health Center
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is one of the most common disorders in the world. COPD is
characterized by airflow obstruction, which is not fully reversible. Patients usually experience breathing-related symptoms with
periods of acute worsening and a substantial decrease in the health-related quality-of-life. Active and comprehensive disease
management can slow down the progressive course of the disease and improve patients’ disabilities. Technological progress and
digitalization of medicine have the potential to make elaborate interventions easily accessible and applicable to a broad spectrum
of patients with COPD without increasing the costs of the intervention.

Objective: This study aims to develop a comprehensive telemonitoring and hybrid virtual coaching solution and to investigate
its effects on the health-related quality of life of patients with COPD.

Methods: A monocentric, assessor-blind, two-arm (intervention/control) randomized controlled trial will be performed.
Participants randomized to the control group will receive usual care and a CAir Desk (custom-built home disease-monitoring
device to telemonitor disease-relevant parameters) for 12 weeks, without feedback or scores of the telemonitoring efforts and
virtual coaching. Participants randomized to the intervention group will receive a CAir Desk and a hybrid digital coaching
intervention for 12 weeks. As a primary outcome, we will measure the delta in the health-related quality of life, which we will
assess with the St. George Respiratory Questionnaire, from baseline to week 12 (the end of the intervention).

Results: The development of the CAir Desk and virtual coach has been completed. Recruitment to the trial started in September
2020. We expect to start data collection by December 2020 and expect it to last for approximately 18 months, as we follow a
multiwave approach. We expect to complete data collection by mid-2022 and plan the dissemination of the results subsequently.

Conclusions: To our knowledge, this is the first study investigating a combination of telemonitoring and hybrid virtual coaching
in patients with COPD. We will investigate the effectiveness, efficacy, and usability of the proposed intervention and provide
evidence to further develop app-based and chatbot-based disease monitoring and interventions in COPD.

Trial Registration: ClinicalTrials.gov identifier: NCT04373070; https://clinicaltrials.gov/ct2/show/NCT04373070

International Registered Report Identifier (IRRID): DERR1-10.2196/20412

(JMIR Res Protoc 2020;9(10):e20412)   doi:10.2196/20412
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Introduction

Background
Chronic obstructive pulmonary disease (COPD) is a chronic
lung disease commonly caused by exposure to noxious particles
(primarily from smoking) and characterized by respiratory
symptoms (ie, dyspnea, cough, and sputum) and airflow
obstruction [1]. Patients experience persistent respiratory
symptoms with periods of acute worsening (exacerbations) and
a substantial decrease in health-related quality of life (HRQOL).
In 2016, about 251 million people worldwide were affected by
COPD [2]. COPD is projected to become the third-leading
global cause of death by 2030 [3]. In addition to the health
implications, COPD causes a substantial economic burden on
the individual and the health care systems [4]. There is no cure
for COPD. However, effective treatment such as medication,
smoking cessation, and physical exercise helps to relieve
symptoms and prevent exacerbations [5]. Active disease
management to reduce the burden of COPD and improve
HRQOL therefore plays a crucial role in the therapeutic strategy.

Effective COPD management plans follow a patient-centered
approach and aim to (1) prevent disease progression through
the reduction of risk factors, (2) improve exercise tolerance, (3)
improve health status, and (4) relieve symptoms [5]. Best
practice treatment of COPD should be multidimensional and
include medical care, self-management strategies, physical
activity coaching, and behavioral change approaches [6-8]. One
of these evidence-based disease management programs is Living
well with COPD [9,10]. The program was developed by a
Canadian consortium and is based on a disease self-management
approach that covers educational topics as well as lifestyle
coaching and physical activity advice supervised by health care
professionals [9]. A randomized clinical trial showed that
compared to usual care in a multicenter setup, the Living well
with COPD intervention program reduced hospital admissions
due to COPD exacerbations, emergency department visits, and
unscheduled physician visits and improved HRQOL
significantly [9]. A recent clinical trial conducted in Switzerland
confirmed these results [8]. The implementation of the program,
however, is both time and cost intensive.

Technological progress and the digitalization of medicine have
the potential to make comprehensive interventions such as the
Living well with COPD program easily accessible and applicable
to a broad spectrum of patients with COPD without increasing
the costs of the intervention. Prior research has proven the
effectivity and efficiency of novel treatment solutions that
incorporate telemonitoring and virtual coaching [11]. To our
knowledge, however, no clinical trial has been conducted with
a multimodal intervention based on the concept of Living well
with COPD that is delivered remotely.

To fill this gap in research, we, a consortium between IBM
Research, docdok.health, the University Hospital Zurich, and
the Swiss Federal Institute of Technology developed a
comprehensive telemonitoring and hybrid virtual coaching
solution called CAir, which is based on the Living well with
COPD program, and will investigate its effects on the HRQOL
in patients with COPD.

Hypotheses
The primary outcome of this study is the assessment of patients’
change in HRQOL, which we will evaluate with the St. George
Respiratory Questionnaire (SGRQ) [12], a survey specifically
designed for patients with chronic airflow limitations. A minimal
clinically important difference of an average SGRQ score
decrease of 4 units is associated with a slightly effective
intervention, 8 units with a moderately effective intervention,
and 12 units with a very effective intervention in patients with
COPD [13].

Against this backdrop and considering the comprehensiveness
of CAir, the hypotheses of this study are as follows:

1. More than 80% of the intervention group will have a
≥4-point change in SGRQ.

2. More than 40% of the intervention group will have a
≥8-point change in SGRQ.

3. More than 20% of the intervention group will have a
≥12-point change in SGRQ.

4. Approximately 10% of the control group will have a
≥4-point change in SGRQ.

We formulated the fourth hypothesis based on the Hawthorne
effect [14], which states that individuals change their behaviour
when they know they are being observed. This assumption is
further supported by several studies in which the mean HRQOL
within the control group also increased in a clinically relevant
manner without any intervention [15].

Methods

We will perform a monocentric, assessor-blind, two-arm
(intervention/control) randomized controlled trial. The allocation
ratio between the intervention and control group will be 2:1.
Bias will be minimized through randomization, allocation
concealment, assessor blinding, and statistical adjustment or
subgrouping during the analysis. The study is expected to have
an overall duration of 18 months (first patient in, last patient
out). The length of study per patient will be 12 weeks. The
recruitment period will last several months.

Participants

Eligibility Criteria
Participants will be recruited from the Swiss population affected
by COPD. Inclusion and exclusion criteria are outlined in
Textbox 1.
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Textbox 1. Inclusion and exclusion criteria and re-screening for the CAir study.

Inclusion criteria:

• Provision of written informed consent

• Age≥40 years

• Ability to speak German fluently

• Diagnosis of chronic obstructive pulmonary disease according to the Global Initiative for Chronic Obstructive Lung Disease guidelines

Exclusion criteria:

• Physical or intellectual impairment precluding informed consent or protocol adherence

• Acute or recent (within the last 6 weeks) exacerbation of chronic obstructive pulmonary disease

• Attending a pulmonary rehabilitation program within the last 3 months

• Ongoing pregnancy

Re-screening

• In case of an exacerbation less than 6 weeks prior to the study or completing a pulmonary rehabilitation less than 3 months previous to the study,
patients can be included with a delay to ensure eligibility

Recruitment, Screening, and Informed Consent
Procedure
Participants will be recruited directly from the outpatient clinic
of the Department of Pulmonology of the University Hospital
Zurich by a physician or study coordinator involved in the care,
and indirectly by screening the hospital’s patient database for
the eligibility and ineligibility criteria (Textbox 1). In case
patients meet the criteria, they will be contacted by a letter of
enquiry that contains a study information sheet and a prestamped
reply envelope. Those indicating interest in taking part in the
study will be contacted by phone. In addition, cooperating
pulmonary clinics and primary care physicians will equally
screen their databases for patients fulfilling the main inclusion
criteria (ie, diagnosis of COPD and age ≥40 years) and will send
them study participation requests. Interested patients will then
independently contact the study team of the University Hospital
Zurich, which will evaluate the remaining inclusion and
exclusion criteria.

We will not offer any material compensation for participating
in this study. Potential participants will be informed about the
scientific benefit of their participation; however, no other
incentives will be offered.

All patients will be required to provide written informed consent
before starting the trial. In that context, investigators will educate
each participant about the nature of the study, its purpose,
procedures involved, expected duration, potential risks and
benefits, and any possible discomfort. Patients will also be
informed that their participation is strictly voluntary and that

they can withdraw from the study at any time without stating
any reason. They will also be informed that withdrawing from
the study will not affect subsequent medical assistance and
treatment. The participants will be further advised that their
medical records may be examined by authorized individuals
other than their treating physician. Participants will be given
sufficient time to reflect extensively on their participation.

The consent form will be signed and dated by the investigator
or designee immediately following the signature of the
participant. The consent form will be retained as part of the
study records. A signed copy will be provided to each study
participant.

Sample Size
Sample size calculations used a power of 80% and a two-sided
significance level of 0.05. To increase usability reporting and
account for possible dropouts, we decided to use a 2:1
(intervention:randomization) ratio and doubled the result of the
sample size calculation. The sample size calculation yielded a
total of 42 patients (28 intervention, 14 control). This sample
size will result in an effect size of 0.9 to detect a clinically
relevant between-group difference in the SGRQ.

Technological Study Setup
Considering proper charging and data transfer, the daily usage
of multiple connected devices can be very demanding for some
individuals. Thus, a selection of sensors was combined into the
CAir Desk to improve usability and compliance. The CAir Desk
can be placed next to the patient's bed and allows charging of
all devices with a single power plug (Figure 1).
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Figure 1. CAir Desk with sensors.

The smartphone serves as not only the user interface to enter
questionnaires and access the symptom history through the
docdok app, but also a data transfer hub from the devices to the
CAir database in the IBM Cloud. Patient symptoms and the
environment are tracked through a home spirometer (Air Next
Spirometer, NuvoAir) to capture lung function (forced
expiratory volume in 1 second/forced vital capacity), a wearable
physical activty tracker (Charge 3, Fitbit Inc) to report vital
signs as well as the number of daily steps as a proxy for physical
activity, and the microphone and camera of the smartphone
(A320, 2017, Samsung Group) to acquire nocturnal cough
intensity and the color of patients’ sputum as an indicator for
bacterial content. Finally, the air quality and smoking behavior
in the bedroom is monitored (Foobot, Airboxlab, Esch sur
Alzette) through modalities like temperature and humidity,
particulate matters, and volatile organic compounds in the air.
This integrated approach allows the initialization, setup, and
testing of all devices before the handover to the patient and thus

mitigates any installations and related technical issues from the
patient. To assure the on-state of the Bluetooth and WiFi hotspot
channel of the smartphone, a macro app (MacroDroid, developed
by ArloSoft) was enabled, triggering switch-on events after a
system restart or power connection events. All unnecessary apps
on the phone are suppressed by an app-blocking app (Confidant,
developed by Confidant Inc.).

The CAir backend performs data collection and storage
management by microservices running in the cloud (Figure 2).
Patient information, device allocations, and interactions are
stored in a relational database, compared to a schema-free
JavaScript Object Notation object store (ElasticSearch, Lucene
library) for the raw sensor data. Data are collected from the
sensors in one of two ways: (1) through the third party cloud
of the sensor providers and then downloaded to the CAir cloud
or (2) directly from the CAir app to the CAir cloud. Patient
details and daily summaries can be accessed by the study team
through a web-based docdok.health physician dashboard.
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Figure 2. CAir data management architecture and data flow.

Further, a CAir chatbot backend was implemented using IBM
cloud functions and the IBM Watson Assistant for just-in-time
interactions with the patients through a chatbot frontend
provided by docdok.health. Timed triggers initiate daily
conversations, such as informative sessions, physical exercises,
or patient feedback through the docdok app. Further, these
functions scan the databases for daily activities, degrading scores
of the COPD assessment test, or nonadherence to the study
protocol, notifying the study team through the docdok dashboard
for health care professionals to intervene. The content and logic
of the chatbot conversations are implemented using the IBM
Watson Assistant, which is queried by the cloud functions to
manage the conversation flow between the patient docdok app
and the backend.

Intervention

Control Group
Participants randomized to the control group will receive usual
care (ie, physician visits every 3-6 months and therapy according
to respective treatment guidelines) and a CAir Desk for 12
weeks. The CAir Desk will assess daily symptom burden,
physical activity, and spirometry data. Patients will receive daily
COPD assessment questionnaires through the smartphone and
will be required to wear the physical activity monitor during
the day and night. The threshold for sufficient physical activity
and spirometry data requires measurements on at least 3 days
per week. In contrast to the intervention group, participants will
not receive any feedback or scores of the telemonitoring efforts,
such as the daily reported COPD assessment test and daily
physical activity, nor will they receive any virtual coaching.

In case of any worsening symptoms, no alert message will be
generated. Patients will have to contact their general physician
or pulmonologist individually and independently. No
modification of any treatment will be made by the study team
during the study.

Intervention Group
Participants randomized to the intervention group will receive
a CAir Desk and a hybrid digital coaching intervention for 12
weeks.

The first week will serve to measure baseline levels of daily
physical activity. Starting in the second week of the study,
participants will receive individualized feedback on their daily
physical activity through the CAir chatbot app. We calibrated
the daily target step count to be 15% above the patient's baseline
value. The telemonitoring solution will send alerts to the study
team in case the patient’s daily COPD assessment test score
drops by 2 or more points in 2 consecutive days. A 2-point drop
is considered the minimum clinically relevant difference [16].
In those cases, a physician will contact patients by phone to
discuss if any further actions have to be taken to treat or prevent
a possible exacerbation (ie, taking medication or planning a
physician visit).

In addition, the CAir chatbot will provide virtual coaching to
the patients of the intervention group: (1) a self-paced
educational component about living with COPD based on the
Living well with COPD program [9] that aims to foster patient
empowerment through engagement and awareness and (2) a
dynamic motivational interviewing component to increase
physical activity, one of the most critical behaviours that are of
prognostic relevance. The chatbot is rule-based with predefined
answer options only and does not have any anthropomorphic
visual cues. We used IBM Watson as a development tool. Data
gathered via the CAir Desk autonomously feeds into the chatbot
interaction without time lag as a digital trigger, that is, the script
of the chatbot automatically adapts if the patient has not
achieved the required target step count.

During 2 time periods of the intervention, a COPD expert will
grant optional additional support via chat, making the entire
intervention a hybrid solution (involving the chatbot and human
health care provider), which has been described in other studies
[17].

The overall study is depicted in Figure 3.
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Figure 3. CAir Study overview.

Outcomes

Primary Outcome
As a primary outcome, we will measure the delta in HRQOL,
which we will assess with the SGRQ [12] from baseline to week
12 (the end of the intervention). The SGRQ is a well-established
self-administered questionnaire that is valid, reliable, and
responsive for the population affected by COPD. Participants

will not have access to their completed questionnaires and
scoring to reduce potential bias.

Secondary Outcomes
To evaluate the effectiveness of CAir holistically, we will
include a set of secondary endpoints. Changes in the functional
exercise capacity will be analyzed using the 1-minute
sit-to-stand test and the 6-minute walk test, which have been
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demonstrated to be reliable, valid, and responsive in assessing
functional exercise capacity in patients with COPD [18,19].

The 1-minute sit-to-stand test is performed using a standardized
protocol [18,20]. A conventional chair without armrest and a
seat height of 46 cm will be used. The patient will be instructed
to stand up and sit down as often as possible at a self-chosen
speed over 1 minute. The number of sit-stand repetitions will
be counted by the assessor. Verbal encouragement will not be
provided during the test, but the patient will be told after 45
seconds that another 15 seconds are left until the test is over.
Patients will be allowed to stop at any time during the test. When
standing up, the patient’s legs have to be completely straight,
and when sitting down, the bottom has to have clear contact
with the chair. The patients will be told to place their hands at
the hips and will not be allowed to use their hands or arms to
assist movement. Measurements of heart rate, peripheral
capillary oxygen saturation, and modified Borg scale of
perceived exertion [21] will be performed before and after the
1-minute sit-to-stand test using the same assessment tools as
for the 6-minute walk test.

The 6-minute walk test will be performed according to technical
standards of the American Thoracic Society/European
Respiratory Society [22]. The test will be carried out on a
marked circular 75-m hallway and patients will be told to walk
as far as possible within the 6 minutes. The walking distance
(in meters) will be registered at the end of the test. Patients will
be allowed to take breaks during the test if necessary; time
recording, however, will not be interrupted. Standardized
instructions and phrases of encouragement will be given each
minute. Oxygen supplementation will be installed if required,
and the patients will carry their oxygen device during the test.
Before and after the test, heart rate and oxygen saturation will
be measured with a pulse oximeter (Masimo Rad-5v, Masimo
Corp) connected to the index finger. Ratings of perceived
exertion and dyspnea will be evaluated using a 0-10 modified
Borg scale.

The COPD Assessment Test [23], a validated patient-completed
questionnaire, will be provided daily on the smartphone to
capture the gradual change in symptom burden.

Changes in spirometry will be measured daily with the forced
expiratory volume in 1 second and forced vital capacity. Lung
function testing will be performed according to the guidelines
of the European Respiratory Association and the American
Thoracic Society [24].

Total change in daily physical activity will be expressed as the
number of steps per day. This will be assessed using a physical
activity tracker. The device will be worn as a wrist band.
Wearing times will be throughout day and night. During times
of lower activity (eg, while having dinner, reading, or watching
TV), the device may be placed on the CAir Desk, recharging
its battery and synchronizing the data.

The number of recorded coughs per night will be used as a proxy
for the total change in nightly cough. Compliance with the
COPD medication will be captured daily and compared within
and between the intervention and control group.

Exploratory Endpoints
Exploratory endpoints to support the analysis will also be
considered. We will investigate the usability and limitations of
CAir through specifically designed questionnaires (eg, usability
questionnaire) and structured focus group interviews at the end
of the study. In the case of an exacerbation, we will compare
the data assessed by CAir before and after the event. We will
also analyze air quality by continuously measuring volatile
organic compounds, which are harmful organic chemicals found
in products such as cleaners and in cigarette smoke. Serious
adverse events related to the intervention, such as medical
occurrences that require in-patient hospitalization or
prolongation of existing hospitalization, will be captured as
safety endpoint variables.

A detailed overview of primary, secondary, and exploratory
endpoints, including their measurement frequency, is depicted
in Table 1.
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Table 1. Overview of the information collected during screening, at baseline, during the intervention and at the end of the study.

CadenceAssessmentOutcome

End of
study visit

Within the inter-
vention

Baseline visitScreening

Primary outcome

✓✓St George Respiratory QuestionnaireHealth-related quality of life

Secondary outcome

✓Daily✓COPDa assessment testSymptom burden

✓Daily✓Forced expiratory volume in one secondSpirometry

✓Daily✓Forced vital capacity

✓✓1-minute sit-to-stand testFunctional exercise capacity

✓✓6-minute walk test

DailySelf-reportedCompliance with COPDa medica-
tion

DailyStep countPhysical activity

DailyNight-time cough countCough

Explanatory endpoints

System usability

WeeklyQuestionnaires

✓Focus group interviews

Exacerbation and air quality

In case of eventEx ante data

In case of eventEx post data

ContinuouslyVolatile organic compounds

aCOPD: chronic obstructive pulmonary disease.

Statistical Analysis
Statistical analysis will be carried out after completing the data
collection period, which will last around 18 months. We will
not perform any interim analysis. We will use descriptive
statistics to describe group characteristics and perform
independent samples t tests to explore and identify potential
differences at the primary endpoint (HRQOL) between the
intervention and control group. We will compare the differences
in the percentages of SGRQ (≥4 points) improvement between
the control and intervention groups. The statistical analysis will
be performed using the latest version of R (R Core Team 2019)
for Windows. Missing data at the baseline and end of study
visits will be handled through multiple imputation at the analysis
stage. Factors prone to influence endpoints, such as gender, age,
and the Global Initiative for Chronic Obstructive Lung Disease
classification, will be assessed and accounted for in the analysis
and interpretation of the data.

Ethics and Dissemination
The study has received approval by the Ethics Committee of
the Canton of Zurich and was registered in ClinicalTrials.gov
(identifier: NCT04373070).

After the statistical analysis of this study, overall and
subordinate findings will be submitted for publication in

peer-reviewed journals. Dissemination of the results will be
independent of negative or positive findings. The principles of
the American Psychological Association guidelines for
authorship eligibility will be followed.

Results

The development of the CAir Desk and virtual coach is
completed. Recruitment to the trial started in September 2020.
We expect to start data collection by December 2020. This is
5 months behind schedule, which is due to the outbreak of
COVID-19 that heavily impairs patients with COPD. Data
collection is expected to last for approximately 18 months (first
patient in, last patient out), as we follow a multiwave approach.
The length of study per patient will be 12 weeks. The limited
amount of available CAir Desks prevents us from executing a
larger number of interventions simultaneously. We expect to
complete data collection by mid-2022 and plan the dissemination
of results subsequently.

Discussion

Study Contributions
To our knowledge, this is the first study investigating a
combination of telemonitoring and hybrid virtual coaching in
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patients with COPD. We will investigate the effectiveness,
efficacy, and usability of the proposed intervention and thus
provide evidence to further develop app-based and chatbot-based
disease monitoring and interventions in COPD. The study may
also be extended to other respiratory diseases (eg, cystic fibrosis
and COVID-19) and with an adapted technical setup to other
chronic diseases requiring long-term treatment (eg, diabetes
mellitus type 2 and chronic kidney disease).

Strengths and Limitations
Randomized controlled trials are considered the “gold standard
for evaluating efficacy in clinical research and constitute
evidence for medical treatment” [25]. By adopting such a trial
and ensuring internal as well as external validity, we maximize
the robustness of our study. To make sure that the CAir Desk

will function well with the study population, we extensively
pretested the device in patients with COPD. The technology we
used as part of the CAir Desk is well established and not likely
to malfunction in daily use. A possible limitation is that the
intervention is rather technology-heavy and the study population
includes persons aged 45 years and older. Even though we
pretested the system usability extensively in patients with COPD
from the same population, some participants might feel
overwhelmed and therefore discontinue the study. In addition,
patients may feel overloaded by the daily measurements and
questionnaires to be answered, which could also lead to
dropouts. Another possible limitation is the limited size of the
sample, given the heterogeneity in the population affected by
COPD.
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Abstract

Background: Self-help smartphone apps offer a new opportunity to address youth suicide prevention by improving access to
support and by providing potentially high fidelity and cost-effective treatment. However, there have been very few smartphone
apps providing evidence-based support for suicide prevention in this population. To address this gap, we developed the LifeBuoy
app, a self-help smartphone app informed by dialectical behavior therapy (DBT), to help young people manage suicidal thoughts
in their daily life.

Objective: This study describes the protocol for a randomized controlled trial to evaluate the efficacy of the LifeBuoy app for
reducing suicidal thoughts and behaviors, depression, anxiety, and psychological distress, and improving general mental well-being
in young adults aged 18 to 25 years.

Methods: This is a randomized controlled trial recruiting 378 young adults aged between 18 and 25 years and comparing the
LifeBuoy app with a matched attention control (a placebo app with the same display but no DBT components). The primary
outcome is suicidal thoughts measured by the Suicidal Ideation Attributes Scale (SIDAS). The secondary outcomes are suicidal
behavior, depression, anxiety, psychological distress, and general mental well-being. The changes in the levels of insomnia,
rumination, suicide cognitions, distress tolerance, loneliness, and help seeking before and after using the app are evaluated in this
study. The study also addresses risk factors and responses to the intervention. A series of items assessing COVID-19 experiences
is included in the trial to capture the potential impact of the pandemic on this study. Assessments will occur on the following
three occasions: baseline, postintervention, and follow-up at 3 months postintervention. A qualitative interview about user
experience with the LifeBuoy app will take place within 4 weeks of the final assessment. Using linear mixed models, the primary
analysis will compare the changes in suicidal thoughts in the intervention condition relative to the control condition. To minimize
risks, participants will receive a call from the team clinical psychologist by clicking a help button in the app or responding to an
automated email sent by the system when they are assessed with elevated suicide risks at the baseline, postintervention, and
3-month follow-up surveys.

Results: The trial recruitment started in May 2020. Data collection is currently ongoing.

Conclusions: This is the first trial examining the efficacy of a DBT-informed smartphone app delivered to community-living
young adults reporting suicidal thoughts. This trial will extend knowledge about the efficacy and acceptability of app-based
support for suicidal thoughts in young people.
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Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12619001671156;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=378366.

International Registered Report Identifier (IRRID): PRR1-10.2196/23655

(JMIR Res Protoc 2020;9(10):e23655)   doi:10.2196/23655
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Introduction

Suicidal thoughts and behaviors are a global public health
concern for adolescents and young adults owing to their
life-threatening nature and high prevalence [1]. Globally, it is
estimated that over 200,000 people aged between 10 and 29
years died by suicide in 2016 [2]. Suicide remains the second
leading cause of death for this age group despite numerous
prevention initiatives over the last decade [3]. Rates have
increased across multiple countries and regions in recent years
[4-6], and the increased rates are likely to be a lasting concern
owing to the coronavirus pandemic and economic recession [7].
One possible approach to prevent youth suicide is to provide
accessible and engaging interventions that can effectively reduce
suicidal thoughts and behaviors in this age group.

Dialectical behavior therapy (DBT) is one therapeutic approach
that has been shown to reduce suicide-related outcomes,
including nonsuicidal self-injurious behavior and suicide
attempts [8,9]. DBT combines principles from behaviorism,
Zen, and dialectics [10] that aim to help clients improve their
emotional and cognitive regulation to overcome problems,
including intense mood change [11,12], impulsivity [13,14],
and loneliness [15]. DBT was initially developed for persons
diagnosed with borderline personality disorder [16], and there
is increasing evidence to suggest that DBT is also effective in
reducing suicidal thoughts, nonsuicidal self-injurious behavior,
and suicide attempts in both adults [17] and adolescents [18,19].

Traditional face-to-face psychotherapies, including DBT, usually
carry high economic costs and personal barriers that may prevent
youth from accessing them [20]. Literature suggests that only
28% of adolescents and young adults with current, past year,
or lifetime suicidal thoughts, plans, and/or attempts have
accessed mental health services [21]. Potential barriers to mental
health services include lack of time, preference for self-reliance,
stigma, and service unavailability [21,22]. Digitally delivered
interventions offer a new opportunity to improve access to
support and to provide high fidelity and cost-effective treatment
[23] at scale. Self-help smartphone apps that are designed to be
used without professional guidance can help address these gaps
by allowing people to seek help anonymously at a relatively
low cost and at a time that suits them [24]. There is emerging
evidence that adults readily access and benefit from suicide
prevention interventions delivered via smartphone-based apps
[25]. However, there have been very few empirical studies

examining the efficacy of mental health apps for young people,
and there are even fewer studies for apps that specifically target
suicidal thoughts in this population. To our best knowledge, no
studies have investigated the possibility of using a
DBT-informed app to reduce suicidal thoughts in young adults.

To address this gap, we developed the LifeBuoy app, a self-help
smartphone app designed to help young adults manage suicidal
thoughts and negative feelings in daily life. It includes seven
structured therapeutic sessions derived from DBT and
incorporates the principles of positive psychology. The primary
objective of the trial is to investigate the efficacy of the
LifeBuoy app compared with a matched attention control
condition in reducing suicidal thoughts in young adults at
postintervention and a 3-month follow-up compared with
baseline. The second objective is to assess the impact of the app
on secondary outcomes, including suicidal behaviors,
depression, anxiety, psychological distress, and general mental
well-being. We are also interested in examining the changes in
tertiary outcomes, including insomnia, rumination, suicide
cognitions, distress tolerance, loneliness, and help-seeking
intentions and behaviors at postintervention and a 3-month
follow-up compared with baseline, and assessing the potential
impacts of demographics, perseverance, negative events, such
as COVID-19, and expectation of treatment success on
participants. The final objective of this trial is to investigate
adherence, satisfaction, and acceptability of the LifeBuoy app
via survey questions, app usage data, and qualitative interviews.

Methods

Trial Design
This study is a randomized controlled superiority trial with a
matched attention control condition. Individuals are randomly
allocated to either the intervention or attention control condition
with a 2:2 allocation using a block design (four participants per
block), stratified by gender and age group using an automated
web-based platform tailored for this trial. Participants within
each block (N=4) are randomly assigned to either of the two
groups based on the six sequences, given a block size of four
[26]. The trial has the following three measurement occasions:
baseline, postintervention, and follow-up at 3 months
postintervention. A qualitative interview about user experience
with the LifeBuoy app will take place within 4 weeks of the
final assessment (Figure 1).
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Figure 1. Study flow.

Blinding
In the trial, participants are not notified about whether they are
assigned to an intervention or control group. Participants may
still discern their condition assignment owing to the nature of
the intervention content. All the investigators will be blinded
to intervention assignment throughout the study period.

Participants
Young adults aged between 18 and 25 years are eligible to
participate in the trial if they (1) have experienced suicidal
thoughts in the past 12 months, (2) have not made a suicide
attempt in the past month, (3) do not have a diagnosis of
psychosis or bipolar disorder, (4) currently live in Australia,
and (5) are fluent in English. The inclusion criteria will be
determined by an online self-report screening survey. They are
not prohibited from receiving other treatments or interventions
during the trial.

Sample Size
Based on a systematic review and meta-analysis on online and
mobile apps for suicidal thoughts and self-harm [27], an effect
size of 0.30 (Cohen d) is expected between the intervention
condition and the control condition at posttest for the primary
outcome suicidal thoughts. Based on an attrition rate of 30%
[28,29] and a 0.50 correlation between pre- and posttest scores
of the primary outcome, a sample size of 189 for each condition
(total N=378) will be required to detect the expected effect size
with a power of 0.80 and alpha of .05. For the qualitative
interviews, we will recruit a 10% subsample of individuals who
participate in the intervention condition to assess their
experience with the app (N=20), which is likely to reach data
saturation according to prior studies [30,31].

Recruitment
From May 2020, a community-based sample of participants is
being recruited into the trial through targeted Facebook
advertising hosted on the Black Dog Institute’s social media
pages. The recruitment is still ongoing. A subgroup of the
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participants in the intervention group will be recruited for the
qualitative interview via an expression of interest form provided
before the final assessment.

Intervention
The LifeBuoy app includes seven structured therapeutic sessions
derived from DBT and incorporates the principles of positive
psychology. It includes sessions on value identification, goal
setting, psychoeducation, emotion regulation, and distress
tolerance. These sessions are self-paced and delivered
sequentially in the app. Each module takes approximately 3 to
7 minutes to complete. A mood tracker is included in the app
to allow participants to rate their feelings multiple times per
day. The app also contains a toolbox, which includes two
distraction activities (popping bubbles and funny quiz) and
additional tips for reducing distress (self-soothing tips and the
Temperature, Intense exercise, Paced breathing, Paired muscle
relaxation [TIPP] technique). Finally, there is a “help” button
embedded in the app with direct links to Australian crisis lines.
The LifeBuoy app was developed using a person-centered
approach, involving young people with lived experience of
suicidal thoughts, to understand and accommodate the

perspectives of young people who will use the intervention. The
design process of the app will be reported in a separate paper,
which is currently in preparation.

Matched Attention Control
Similar to the intervention app, the control app contains seven
brief nontherapeutic education-based sessions. The topics are
peripherally related to mental health and well-being, including
confidence, performance stress, the importance of having goals,
and the value of being present. Each session takes 2 to 3 minutes
to read through. The control does not contain a mood tracker
or toolbox but includes the “help” button for safety management.
Participants in the control group will be granted access to the
intervention app after they complete the 3-month follow-up
assessment.

Assessments
There are three data collection points as follows: baseline (day
0), postintervention (day 42), and 3-month postintervention
follow-up (day 132) (Table 1). Data collection will be fully
automated and online, with participants accessing the study
website to register for the trial, download the app, and complete
assessments.

Table 1. Summary of the primary, secondary, and tertiary outcome measures, risk factors, other measures, and data collection time points.

Three-month follow-upPostinterventionBaselineScaleOutcomes measures

Primary outcome

YesYesYesSuicidal Ideation Attributes Scale (SIDAS)Suicidal thoughts

Secondary outcomes

YesYesYesSuicide attempt and self-harmSuicide behaviors

YesYesYesPatient Health Questionnaire-9 (PHQ-9)Depression

YesYesYesGeneralized Anxiety Disorder-7 (GAD-7)Anxiety

YesYesYesDistress Questionnaire-5 (DQ-5)Psychological distress

YesYesYesShort Warwick-Edinburgh Mental Wellbeing
Scale (SWEMWBS)

General mental well-being

Tertiary outcomes

YesYesYesInsomnia Severity Index (ISI)Insomnia

YesYesYesRepetitive Thinking Questionnaire (RTQ)Rumination

YesYesYesSuicide Cognitions Scale (SCS)Suicide cognitions

YesYesYesDistress Tolerance Scale (DTS)Distress intolerance

YesYesYesThree-Item Loneliness Scale (TILS)Loneliness

YesYesYesGeneral Help-Seeking Questionnaire (GHSQ)Help-seeking intentions

YesNoYesClient Service Receipt Inventory (CSRI)Help-seeking behaviors

Risk factors and other measures

NoNoYesQuestionsDemographics

NoNoYesShort Grit Scale (SGS)Perseverance

NoNoYesQuestionsCOVID-19–related worry

NoNoYesNegative Life Events Scale for Students
(NLESS)

Negative events

NoNoYesQuestionsExpectations of treatment success

NoYesNoQuestionsSatisfaction with the app
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Outcomes

Primary Outcome Measure

Suicidal Ideation Attributes Scale

The primary outcome measure is the severity of suicidal
thoughts assessed by the Suicidal Ideation Attributes Scale
(SIDAS [32]). It consists of five questions pertaining to
frequency of suicidal thoughts in the past month, controllability
of suicidal thoughts, closeness to suicide attempt, level of
distress associated with the thoughts, and impact on daily
functioning. Each item is assessed on a 11-point scale (0-10).
Item two (controllability) is reverse scored. Total scale scores
on the SIDAS range from 0 to 50, with higher scores indicating
more severe suicidal thoughts.

Secondary Outcome Measures

Suicide Behaviors

Participants’ previous suicide attempts and self-injury are
assessed by eight questions developed for a previous suicide
prevention trial [29]. Participants are invited to indicate whether
they have attempted suicide in their lifetime and in the past 30
days on a three-point Likert scale, with responses of “No, never
(0),” “Yes, once (1),” and “Yes, more than once (2).” They are
also asked to report the number of suicide attempts over their
lifetime and the number of months that they have been thinking
about suicide. Apart from that, participants are asked to indicate
whether they have experienced intentional self-injury in their
lifetime on the aforementioned three-point Likert scale. If yes,
they are asked to provide the number of times of their intentional
self-injury and rate the severity of the worst injury in the past
month on a three-point Likert scale, with responses of “No care
was needed (1),” “Some care was needed (2),” and “Required
medical care (3).”

Patient Health Questionnaire-9

The Patient Health Questionnaire-9 (PHQ-9 [33]) is a nine-item
self-report questionnaire measuring the severity of depression.
The scale assesses the frequency of occurrence of depression
symptoms in the previous 2 weeks, with items rated on a
four-point scale ranging from “Not at all (0)” to “Nearly every
day (3).” Total scores on the PHQ-9 depression scale can range
from 0 to 27, with higher scores reflecting more severe
depression.

Generalized Anxiety Disorder-7

The Generalized Anxiety Disorder-7 (GAD-7 [34]) is a
seven-item self-report measure designed to assess the severity
of generalized anxiety symptoms over the previous 2-week
period. Items are rated on a four-point scale, ranging from “Not
at all sure (0)” to “Nearly every day (3).” Total scores on the
GAD-7 can range from 0 to 21. Higher scores indicate higher
levels of GAD symptoms.

Distress Questionnaire-5

The Distress Questionnaire-5 (DQ-5 [35]) is a five-item brief
screening tool for identifying general psychological distress.
Participants are asked to endorse the frequency of each item in
the past 30 days on a five-point scale ranging from “Never (1)”

to “Always (5).” Total scores range from 5 to 25, with higher
scores indicating greater psychological distress.

Short Warwick-Edinburgh Mental Well-Being Scale

The Short Warwick-Edinburgh Mental Well-Being Scale
(SWEMWBS [36,37]) is a shortened seven-item version of the
14-item Warwick-Edinburgh Mental Well-Being Scale
(WEMWBS) [37], which was developed to assess mental
well-being in the general population. It assesses mental
well-being by asking about participants’ feelings and
experiences over the previous 2 weeks. Responses range from
“None of the time (1)” to “All of the time (5),” and raw item
scores are summed and converted to a metric total score using
the SWEMWBS conversion table [38]. Total scores can range
from 7 to 35, with higher scores indicating higher levels of
mental well-being.

Tertiary Outcome Measures

Insomnia Severity Index

The Insomnia Severity Index (ISI [39]) is a psychometrically
sound, seven-item, self-report measure assessing the perceived
severity of insomnia symptoms, the degree of satisfaction with
sleep, interference with daytime functioning, noticeability of
impairment, and concern caused by the sleep problems in the
previous 2 weeks. Responses are reported on a five-point scale
yielding total scores of 0 to 28. Higher scores indicate greater
insomnia severity.

Repetitive Thinking Questionnaire

The Repetitive Thinking Questionnaire-10 (RTQ-10 [40]) is a
transdiagnostic measure of engagement in repetitive negative
thinking following distressing situations. The RTQ was
developed to capture the underlying construct of recurrent
negative thinking underlying mental health disorders such as
depression and anxiety. Participants are requested to respond
to the RTQ-10 on a five-point Likert scale, with responses
ranging from “Not true at all (1)” to “Very true (5).” Total scores
fall between 10 and 50, with higher scores indicating greater
rumination.

Shortened Version of the Suicide Cognition Scale

The shortened version of the Suicide Cognition Scale (SCS
[41]) is a self-report instrument consisting of nine items that
are designed to measure suicide-specific cognition. The items
contain statements consistent with the suicidal schemas of
unbearability (eg, “I can’t cope with my problems any longer”),
unlovability (eg, “I am completely unworthy of love”), and
unsolvability (eg, “Nothing can help me solve my problems”).
Items in the SCS are rated on a five-point Likert scale, with
responses ranging from “Strongly disagree (1)” to “Strongly
agree (5).” The instrument is scored by summing ratings across
items, resulting in scores ranging from 9 to 45.

Distress Tolerance Scale

The Distress Tolerance Scale (DTS [42]) is a 15-item self-report
measure designed to assess respondents’ perceived capacity to
experience and endure negative emotional states. The DTS
encompasses four subscales, including tolerance, appraisal,
absorption, and regulation. Items are rated on a five-point Likert
scale, with responses ranging from “Strongly disagree (1)” to
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“Strongly agree (5).” Higher mean scores indicate a greater
tendency to withstand emotional distress.

Three-Item Loneliness Scale

The Three-Item Loneliness Scale (TILS [43]) is a brief
self-report measure of loneliness. The three items that compose
this scale were selected from the R-UCLA Loneliness Scale
[44] and include the following: “How often do you feel that you
lack companionship?” (relational connectedness); “How often
do you feel left out?” (collective connectedness); and “How
often do you feel isolated from others?” (general isolation).
Response categories for the TILS are as follows: “Hardly ever
(1),” “Some of the time (2),” and “Often (3).” Total scores are
calculated by summing item scores, with higher scores indicating
greater loneliness.

General Help-Seeking Questionnaire

The General Help-Seeking Questionnaire (GHSQ [45]) is used
in the current trial to assess participants’ intentions to seek help
for suicidal thoughts from a variety of sources. Respondents
are invited to rate on a six-point scale, ranging from “Not
applicable (0)” and “Extremely unlikely (1)” to “Extremely
likely (5),” the likelihood of seeking help from three professional
sources (school or university counsellor, mental health
professional, and doctor/general practitioner), four informal
sources (boyfriend/girlfriend, friends, parents, and other
relative/family members), three telephone/online sources (phone
helpline, internet website, and mobile app), or no one. An
optional item “I would seek help from another source not listed
above” is also provided. Higher scores represent stronger
intentions to seek help.

Modified Client Service Receipt Inventory

The adapted version of the Client Service Receipt Inventory
(CSRI [46]) is designed to collect information about use of
health care and social care services over a retrospective period
of the past 6 months. Respondents are asked to indicate whether
they have used any services in the past 6 months owing to
mental health problems, including suicidal thoughts, on a binary
scale (“Yes”/“No”). Services include hospital services, mental
health helplines, crisis support team, police/ambulance, contact
with a range of mental health professionals (eg, social worker
and counsellor), self-help groups, and other medically qualified
doctors.

Risk Factors and Other Measures

Demographic Information and Baseline Variables

At the baseline assessment, participants are asked to provide
their age, gender identity, gender assigned at birth, sexual
orientation, contact information (email and mobile number),
state and area they live in (ie, metropolitan or rural/remote),
language spoken at home, who they live with at home, current
relationship status, highest level of education completed,
employment status, and whether they have ever experienced or
been diagnosed with mental illness. Information related to their
service use is also collected, such as whether they have ever
seen a mental health professional for a mental health problem
and used health or well-being apps.

Short Grit Scale

The Short Grit Scale (SGS [47]) is an eight-item measure
assessing perseverance and passion for pursuing long-term
goals. Half of the items are worded positively (eg, “I am
diligent”), while the other half are worded negatively (eg, “New
ideas and projects sometimes distract me from previous ones”)
and are thus reverse scored. Items are rated on a five-point scale,
with responses ranging from “Not like me at all (1)” to “Very
much like me (5)” and the total scale score ranging from 8 to
40.

COVID-19–Related Worry

Ten items are used to assess the extent to which the coronavirus
(COVID-19) pandemic influences participants’ perception of
their symptoms (anxiety, depression, and suicidal ideation) and
coping strategies. Items 1 to 3 relate to perceptions of symptoms
and are rated on a five-point scale, with responses ranging from
“Not at all (1)” to “All of the time (5)” (eg, “Do you think the
COVID-19 pandemic has increased your anxiety levels more
than usual?”). Items 4 to 6 relate to anticipated, experienced,
and current worry and have been modified from a previous study
of pandemic-related worry [48], with item 7 asking participants
to indicate what aspects of COVID-19 are worrying them from
a list of responses (eg, “not knowing when the pandemic will
end”). Items 8 to 9 relate to the frequency and effectiveness of
coping strategies used from a list of 14 equally balanced healthy
(eg, “using social support” and “relaxation techniques”) and
unhealthy (eg, “overeating/comfort food” and
“avoidance/procrastination”) strategies. Participants are asked
to rate their use of the strategies on a four-point scale (do not
use, use less, use the same, and use more) and rate on a
five-point scale whether they think each strategy used has been
less effective during the pandemic, with responses ranging from
“Not at all (1)” to “All of the time (5).” Item 10 asks participants
to indicate if they have noticed any symptom improvement
during or following the pandemic (none; yes, anxiety; yes,
depression; yes, suicidal thoughts; and yes, other).

Modified Negative Life Events Scale for Students

The Negative Life Events Scale for Students (NLESS [49]) is
designed to assess the experience of stressful life events among
students. Respondents are asked to indicate whether they have
experienced 25 negative life events (eg, death of a family
member and being arrested) in the past year, and if yes, how
stressful that event has been for them. In the adapted version of
this measure, items are rated on a five-point scale, with
responses ranging from “Not stressful (1)” to “Extremely
stressful (5).” Higher mean scores indicate higher negative
impact on life.

Expectation of Treatment Success

Four items were created to measure participants’ confidence
and readiness in using an app to reduce suicidal thoughts, as
well as the perceived importance of reducing suicidal thoughts
and participating in research to reduce suicide risk. Items on
this scale include “I am confident that people could reduce their
suicidal thoughts using an app” and “I think that participating
in a study that aims to reduce suicidal thoughts is an important
thing to do.” These items are rated on a five-point scale, with
responses ranging from “Strongly disagree (1)” to “Strongly
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agree (5).” Other items include “Please rate the importance of
reducing your suicidal thoughts over the next 6 months,” with
responses ranging from “Not important (0)” to “Very important
(5),” and “Please rate your readiness to reduce your suicidal
thoughts by using an app,” with responses ranging from “Not
ready (1)” to “Completely ready (5).” Owing to the nature of
these questions, this measure is administered only once during
baseline assessment. Total scores indicate higher expectation
of treatment success.

Satisfaction With the LifeBuoy App

Eighteen items were adapted from a previous study to assess
participants’ satisfaction with the LifeBuoy app [50]. This
measure consists of three parts. The first part contains seven
statements related to the usability, readability, and helpfulness
of the app, and the respondent’s intention to continue to use and
recommend the app. Participants are asked to indicate whether
they agree or disagree with each item. The second part of this
measure comprises 10 questions pertaining to potential
difficulties in using the app (eg, forgetting to use it and feeling
worse after using it). Participants are asked to indicate whether
they agree or disagree with each item. In the last part of this
measure, they are asked to rate the overall helpfulness of the
app on a five-point scale, with responses ranging from
“Extremely unhelpful (1)” to “Extremely helpful (5).” Higher
scores on each item indicate higher satisfaction with the app.

Treatment Adherence

Adherence to both the LifeBuoy app and control app is measured
by the number of modules accessed and completed by
participants, and the time spent on each module. The data are
automatically collected via the app.

Statistical Analysis
Mixed model repeated measures analyses with maximum
likelihood estimation and an appropriate covariance structure
will be used to evaluate the efficacy of the LifeBuoy app relative
to the control condition. Within-person variation will be
modelled by using an unstructured covariance matrix, and
degrees of freedom will be estimated using Satterthwaite
correction [51]. The primary outcome is the change in severity
of suicidal thoughts across time (baseline to postintervention
and postintervention to the 3-month follow-up). The mixed
model approach incorporates all available data, including
participants with missing follow-up data points, under the
missing-at-random assumption, in accordance with the
intention-to-treat principle. The same analytic approach will be
used to examine temporal changes in secondary and tertiary
outcomes, including depression, anxiety, psychological distress,
general mental well-being, insomnia, rumination, suicide
cognition, distress tolerance, loneliness, help-seeking intentions,
and behaviors. The difference between the two groups on
potential risk factors, including demographics, perseverance,
COVID-19–related worry, negative events, and expectation of
treatment success will be assessed by descriptive statistics.

In the interview, participants will be asked about their general
feelings about the app and the design, their favorite and
unfavorite features, the scenarios where they find the app useful,
and other feedback about the app. The interview data will be

analyzed using Braun & Clarke thematic analysis [52]. An
inductive approach will be used to identify group themes. Two
researchers will independently refine the themes and determine
the final coding framework. Discrepancies will be resolved by
a third researcher to ensure reliability of the process.

Risk Management
In both the intervention and control versions of the LifeBuoy
app, there is a help button that contains a list of 24-hour crisis
support contacts that are publicly accessible nationwide. This
button also contains a clinical psychologist contact button that
allows participants to request a call from the team clinical
psychologist.

Calls by the team clinical psychologist to participants will focus
on ensuring the participants are safe and supported by their
family and/or community if this is possible, and identifying
how they can access the services they need. If participants
express distress in relation to using the app or answering the
assessment questionnaires, they will be reminded of their right
to withdraw from the trial without penalty or explanation. In
the event that a participant does not respond to the initial contact
attempt, an email stating that contact was attempted and
requesting for their availability will be sent. The psychologist
will attempt to call the participants up to two times in the
requested time. If the participant is still unavailable, another
email stating that contact was attempted and containing referral
sources will be sent.

At each survey timepoint (baseline, postintervention, and
3-month follow-up) and in the middle of the trial (3 weeks after
commencing use of the LifeBuoy app), risk of suicide will be
assessed using a standardized scale (SIDAS). If the SIDAS
score is above 20 [32], indicating an elevated level of suicidal
thoughts, an automated alert system will be triggered, in which
a notification will be sent to the research inbox to notify the
team clinical psychologist. An automated email will also be
sent to the participants asking if they would like to receive a
phone call from the team clinical psychologist as above. This
email will also include a list of 24-hour crisis support contacts.

There are two levels of risk management in this project. The
first is the trial steering committee, which consists of the
research team, and the second is an independent Data
Monitoring Safety Board (DSMB). The DSMB has three
members who are experts in clinical trial conduct, statistics,
and youth mental health. The trial manager will record the
number of notifications at each assessment in a report for the
DSMB and will notify the DSMB after each assessment period
about how many alerts have been triggered and whether
follow-ups have been carried out. Any serious adverse event
will be reported to the DSMB. The DSMB will provide
recommendations to the research team to continue the trial,
temporarily pause the trial, or discontinue the trial owing to
heightened risk or adverse events.

Privacy, Confidentiality, and Data Management
The sensitive data that are collected in this study include
participants’ responses to the surveys, usage data collected by
the LifeBuoy app, and the audio records of the interviews.
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The survey and usage data are collected by the Black Dog
Institute eHealth research platform, a bespoke trial management
system. Each participant will be assigned a unique identification
code automatically at the time of registration on the Black Dog
Institute research platform. When online survey data are
exported for analysis, the research team will remove the
identifiable information from the initial data set (ie, first name,
mobile phone number, and email address will be removed). A
deidentified extract of the data will be downloaded for analysis
on a shared drive, which is password protected and approved
by the university for storing highly sensitive data. The file used
for analysis will only include the unique ID code and raw
research data. Only named study personnel will have access to
any identifiable information. For participant withdrawal, only
named study personnel will access the register to identify the
personal details of participants using their ID code.

Transcription of the interviews will be undertaken by a
professional transcription service, and only deidentified audio
will be provided to the agency. The agency will need to sign a
confidentiality agreement before being provided with the
recordings. Participants will be informed that deidentified audio
will be provided to an agency for transcription service only.
Upon completion of this project, all deidentified data will be
stored in an archive on the server hard drive for a period of a
minimum of 7 years, in accordance with University of New
South Wales guidelines and the Australian Code for the
Responsible Conduct of Research.

Results

The current trial has ethical approval from the University of
New South Wales Human Research Ethics Committee
(HC190764). It has been registered in The Australian New
Zealand Clinical Trials Registry (ACTRN12619001671156)
and with the Therapeutic Goods Administration through the
Clinical Trial Notification (CTN) scheme
(CT-2020-CTN-00256-1-v1). Recruitment started on May 11,
2020. Data collection of the trial is expected to be complete by
December 2020.

Discussion

Preventing suicide in young people is a pressing global
imperative [1]. The current mental health system addresses less
than half of the need of support [21], leaving most young people
to manage their symptoms alone. Self-help smartphone apps
offer an opportunity to improve access to support for this
population.

To our knowledge, the LifeBuoy study is the first trial to
examine the efficacy of a DBT-informed smartphone app in
reducing suicidal thoughts and related mental health symptoms
in young adults. The app is innovative by integrating structured
therapeutic sessions derived from DBT with distraction activities
and mood assessments. If the LifeBuoy app is found to be
effective, it may prove to be useful as a way to support young
adults who do not usually seek help from mental health services
or as an adjunct for those who do seek help. Because we have
asked about current health service use, we will be able to
determine for whom it is effective. We will also determine
whether the app is useful for those in underdeveloped areas,
where professional health sources are usually scarce. Through
our qualitative interviews, we will find information on who our
participants think it could be used.

There are few limitations we would like to acknowledge in the
current trial design. First, the participants may not be blinded
in terms of intervention allocation owing to the nature of the
content of the app. All the researchers involved in this study
will be blinded to the allocation at the time of analysis, thus
maintaining the integrity of study results reporting. Second, the
trial sample is being recruited from targeted Facebook
advertising rather than by mail or phone. Samples recruited by
Facebook have been found to present similar representativeness
to convention methods in achieving age and gender distribution
and are usually less costly [53]. Finally, the sample is being
recruited during the COVID-19 period, which is likely to elevate
participants’ levels of psychological distress and mental health
symptoms [54]. We intend to examine this by measuring the
relevant symptoms and the impact of COVID-19 in the surveys.
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Abstract

Background: Pregnant women often find it difficult to choose from among the wide variety of available prenatal screening
options. To help pregnant women and their partners make informed decisions based on their values, needs, and preferences, a
decision aid and a web-based shared decision making (SDM) training program for health professionals have been developed. In
Canada, nurses provide maternity care and thus can train as decision coaches for prenatal screening. However, there is a knowledge
gap about the effectiveness of SDM interventions in maternity care in nursing practice.

Objective: This study aims to assess the impact of an SDM training program on nurses’ intentions to use a decision aid for
prenatal screening and on their knowledge and to assess their overall impressions of the training.

Methods: This is a 2-arm parallel randomized trial. French-speaking nurses working with pregnant women in the province of
Quebec were recruited online by a private survey firm. They were randomly allocated (1:1 ratio) to either an experimental group,
which completed a web-based SDM training program that included prenatal screening, or a control group, which completed a
web-based training program focusing on prenatal screening alone. The experimental intervention consisted of a 3-hour web-based
training hosted on the Université Laval platform with 4 modules: (1) SDM; (2) Down syndrome prenatal screening; (3) decision
aids; and (4) communication between health care professionals and the patient. For the control group, the topic of SDM in Module
1 was replaced with “Context and history of prenatal screening,” and the topic of decision aids in Module 3 was replaced with
“Consent in prenatal screening.” Participants completed a self-administered sociodemographic questionnaire with close-ended
questions. We also assessed the participants' (1) intention to use a decision aid in prenatal screening clinical practice, (2) knowledge,
(3) satisfaction with the training, (4) acceptability, and (5) perceived usefulness of the training. The randomization was done
using a predetermined sequence and included 40 nurses. Participants and researchers were blinded. Intention to use a decision
aid will be assessed by a t test. Bivariate and multivariate analysis will be performed to assess knowledge and overall impressions
of the training.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e17878 | p.194http://www.researchprotocols.org/2020/10/e17878/
(page number not for citation purposes)

Poulin Herron et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:France.Legare@fmed.ulaval.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


Results: This study was funded in 2017 and approved by Genome Canada. Data were collected from September 2019 to late
January 2020. This paper was initially submitted before data analysis began. Results are expected to be published in winter 2020.

Conclusions: Study results will inform us on the impact of an SDM training program on nurses’ intention to use and knowledge
of decision aids for prenatal screening and their overall impressions of the training. Participant feedback will also inform an
upgrade of the program, if needed.

Trial Registration: ClinicalTrials.gov NCT04162288; https://clinicaltrials.gov/ct2/show/NCT04162288

International Registered Report Identifier (IRRID): DERR1-10.2196/17878

(JMIR Res Protoc 2020;9(10):e17878)   doi:10.2196/17878

KEYWORDS
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development

Introduction

Choosing whether to undergo prenatal screening is a difficult
decision for pregnant women, and they are rarely prepared for
or supported in that decision [1]. Shared decision making (SDM)
fosters decisions that reflect the best available evidence and
what matters most to patients [2]. Evidence suggests that SDM
is the best practice for informed consent [3]. SDM is now part
of policy and legislation in many countries for ethical, social,
and economic reasons [4]. According to the literature, SDM
appears to improve patients’ and clinicians’ health care
experiences, health care processes, patient outcomes, and health
costs [5]. SDM also seems to reduce the overuse of ineffective
tests and treatments and increase the uptake of effective ones
[6]. It could thus play an important role in reducing harms and
increasing patient safety [7]. Patient decision aids (DAs) are
SDM tools that foster the involvement of patients in decisions
by specifying a decision point, informing them of options and
outcomes, and helping them clarify what matters most to them
[8,9].

Nevertheless, SDM is rarely implemented in prenatal care [10].
Pregnant women are rarely given a chance to weigh the
advantages and disadvantages of undergoing prenatal screening
or to identify what matters most to them [1]. This can translate
into discomfort with decisions (decisional conflict), decision
regret, and potential complaints [11-13]. Results of systematic
reviews indicate that SDM would be implemented if clinicians
and patients had access to DAs, if providers were trained in
SDM, and if public awareness campaigns about SDM were
carried out [8,14]. However, despite an increase of 174% in
SDM training programs in 4 years (2011-2015), only about 29%
of these programs were evaluated [15]. Thus, there is little
known about their overall effectiveness [15].

The province of Quebec, in Canada, offers each pregnant woman
the opportunity to screen for Down syndrome with the
serum-integrated prenatal screening test (which includes nuchal
translucency) [16]. Currently, noninvasive prenatal testing is
only offered in private institutions. Since several prenatal
screening tests are available, health care professionals must be
well-informed about the risks and probabilities surrounding
screening results and must be able to communicate these to
pregnant women in their care. Thus, effective informational
resources, tools, and training are urgently required.

The members of the Canada Research Chair in Shared Decision
Making and Knowledge developed a training program to support
health care professionals in practicing SDM in the context of
prenatal screening. The program was developed with the help
of 5 professionals (family medicine doctors, biochemical
doctors, ethicists, and scientists) who provided expertise on
SDM, prenatal screening, and ethics. Their expertise is conveyed
through videos in which experts respond to questions related
to each module. Although the Research Chair has developed
some SDM training programs [17,18], this program for prenatal
screening is new; and no training evaluation, such as focus
groups or usability testing, have been undertaken.

Nurses can play a larger role with pregnant women in prenatal
screening. Those not already doing so can provide information
and counseling about prenatal screening [19] and implement
and evaluate it [20]. Patients themselves have suggested that
nurses could provide significant help in SDM. Nurses already
explain relevant medical notions, support the patients, and
communicate with other clinicians [21]. However, to engage in
SDM with future parents, nurses must be aware of
evidence-based information on the kinds of screening available
and must take the future parents’preferences into consideration.
SDM training could be a way to implement this approach in
nursing practice. While most SDM implementation studies focus
on physicians [13], health care reforms are resulting in nurses
taking more responsibilities [22], and their role in SDM will
likely increase. It is therefore timely to address the gap in the
literature on the effectiveness of SDM training, especially for
nurses and for prenatal screening.

The primary objective of this study is to assess the impact of
an SDM training program on the intention of nurses to use a
DA to support prenatal screening decisions among pregnant
women. The secondary objectives are to assess the impact of
the training on knowledge related to SDM and prenatal screening
as well as to assess nurses’ overall impressions (satisfaction,
acceptability of the training, and perceived usefulness) regarding
the training. It is expected that this web-based training program
will significantly increase nurses’ intention to use a DA and
will increase their knowledge about SDM and prenatal
screening. It is also hypothesized that nurses will perceive this
training as relevant and useful.
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Methods

Study Design
This study is a 2-arm randomized controlled trial. Participants
were randomly allocated to 2 parallel groups: (1) an
experimental group exposed to a 3-hour web-based training
program on SDM, including SDM for prenatal screening (n=18),
or (2) a control group exposed to a 3-hour web-based training
program on prenatal screening alone (n=18). The
CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) checklist (V.1.6.1) will be used as a reporting
guideline [23].

Research Approval
This project was approved by the ethics committee of the Centre
Hospitalier Universitaire de Québec-Université Laval
(MP-20-2019-4571). All stages of this research project will be
carried out in accordance with the rules of ethics. If any
amendment to the protocol is required, it will be submitted to
the ethics committee and stated in the final paper. All
participants consented to their participation in the research
project before starting the study. The consent form stated that
the participants had the right to refuse to participate and the
right to withdraw at any time without providing any justification
and without prejudice to preexisting entitlements.

Study Population
Inclusion criteria for nurses included those who (1) supported
prenatal screening decision making or were involved in prenatal
screening processes in the province of Quebec, (2) spoke and
wrote French, (3) were active in professional practice during
the year of data collection (eg, hospitals, community clinics),
and (4) had enough internet skills (all procedures except
recruitment were web-based, requiring a minimum of ability
and equipment to enter and navigate through the web-based
training program). There were no exclusion criteria.

Procedures and Recruitment
Participants were recruited online by a private polling firm that
operates an internet panel. Members of this panel are nurses
working in different areas and specialties, and they were invited

by email to participate in the study. The polling firm also posted
advertisements on social media to attract a larger number of
nurses and sent emails to the human resources departments of
2 regional health authorities, the CIUSSS (Centre intégré
universitaire de santé et services sociaux) of
Chaudière-Appalaches and the CIUSSS of the
Capitale-Nationale, asking them to share the study details with
their employees. All 3 recruiting methods informed potential
participants of how to contact the polling firm recruitment team.

If a participant contacted the firm to express interest in
participating in the study, a member of the firm’s recruitment
team verified the participant's eligibility by asking some
questions. Once the participant's eligibility was confirmed, the
polling firm sent the participant the consent form in a first email.
After receiving the consent forms, the private polling firm then
sent a second email with a link to the preintervention
questionnaire. The preintervention and postintervention
questionnaires were programmed on the polling firm’s platform,
and a hyperlink to access them was inserted in the emails to be
sent to the participants. Completion of the preintervention
questionnaire was a prerequisite for accessing the training. Once
the preintervention questionnaire was completed, the participant
was randomly assigned to the intervention or control group. A
login name and password for accessing the Université Laval
training platform were then generated for each participant
(unless they already had one). All information required to access
the training and the link to the postintervention questionnaire
(with instructions to complete once the training was completed)
was emailed to participants. Participants were allowed a month
to complete the training. After receiving access to the training,
participants were asked to work through the modules and answer
the quizzes at the end of each module. When the participants
completed the training, they could answer the postintervention
questionnaire. Weekly follow-ups and reminders to complete
the training were sent to the participants if needed. The polling
firm maintained a contact with participants via their personal
emails. If assistance was needed by participants from either
randomized group, they could either email the principal
investigator or contact computer services at Université Laval.
Figure 1 shows the participant timeline according to the SPIRIT
(Standard Protocol Items: Recommendations for Interventional
Trials) guidelines [24].
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Figure 1. Participant timeline. SDM: shared decision making.

Randomization
The allocation of participants to trial groups was performed
after collecting the sociodemographic data. These data were
needed for the creation of the login name on the Université
Laval platform, and were therefore, mandatory for accessing
the training. For simple randomization, before the study started,
the polling firm generated a random allocation sequence by
computer, enrolled participants, and assigned them to one or

the other of the study groups. Participants were blinded
throughout the study. However, participants could find out
which intervention was the experimental one and which one
was the comparator by reading the informed consent procedures
(where the desired training effect was indirectly stated). The
videos of experts were recorded beforehand and were delivered
asynchronously so that the experts/trainers were blinded to
participants. The data analysts will also be blinded with respect
to allocation groups until they have completed the analysis. One
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of the members of the research team was not blinded, as she
needed to follow the completion of the training program by
participants.

Study Interventions
Participants had to complete a web-based training program, but
the content differed according to the group (control or
experimental) to which the participant was randomized. The
major differences were the SDM component and SDM-specific
materials, which were missing in the training for the control
group. In other words, in both arms the participants were
exposed to a web-based training program, but only the
intervention arm exposed the participants to the SDM
component and SDM-specific materials. The training program
was designed to adapt to the learning pace of users, who could
leave the training and return later. For the purposes of this study,
no major changes were made to the program during the
evaluation process. Moreover, participants could consult other
information sources during their training.

Intervention Group: Web-Based Training Program on
SDM and Down Syndrome Prenatal Screening
The intervention consisted of a web-based self-study training
program entitled Formation en ligne – La prise de décision

partagée pour le test de dépistage prénatal de la trisomie 21
(Shared Decision Making About Prenatal Screening for Down
Syndrome). This program lasted 3 hours and aimed to integrate
SDM into prenatal care. The training program was divided into
4 main modules: (1) shared decision making, (2) Down
syndrome prenatal screening, (3) decision aids, and (4)
communication between health care professionals and patients
(Figure 2). This sequence was chosen to provide an overview
of how SDM was defined, to highlight its benefits, to put the
approach within the context of prenatal screening, and to provide
concrete ways to implement SDM in clinical practice. In each
module, the targeted learning objectives were presented along
with the work to be carried out (eg, completing readings,
watching a video, or filling in an evaluation form). A variety
of teaching methods and media were used: videos, interviews,
narrated capsules (explanatory videos with verbal explanations),
readings, links to scientific articles, and complementary
websites. At the end, a simulation video helped learners put the
knowledge acquired during training into practice. It was strongly
recommended that the users followed the order of presentation
of the modules as their sequence was designed to promote
progressive learning.

Figure 2. Description of interventions.

Control Group: Web-Based Training Program and Down
Syndrome Prenatal Screening
The control group underwent a 3-hour web-based self-study
training program but without the SDM component. It was
entitled Formation sur le dépistage prénatal de la trisomie 21
(Training on Prenatal Screening for Down Syndrome). In this
program, the topic of SDM in Module 1 was replaced with
“Context and history of prenatal screening,” and the topic of
DAs in Module 3 was replaced with “Consent in prenatal

screening” (Figure 2). This consent module did not include key
features of SDM, such as determining the decision points,
providing science-based evidence for the pros and cons of
options, clarification of patient values and preferences, or the
use of a DA. As in the experimental group, each module had
target learning objectives. The same teaching methods were
used, except that in the 2 control modules, narrated capsules
and reports replaced the videos of experts. The simulation at
the end was removed because it focused exclusively on SDM
and DAs.
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Data Collection
For each study group, 2 data collection periods were planned,
before and after the training programs. All outcomes were
self-reported. No postintervention data were collected on
participants who discontinued the intervention. The Kirkpatrick
and Kirkpatrick model [25,26], a rigorous framework for
evaluating training, was used as a guide. It divides effectiveness
of a training program into 4 levels: (1) reaction to the training,
(2) learning due to the training, (3) behavior following the
training, and (4) results, such as a reduction in costs or better
outcomes for the patient due to the training [25]. Although mid-
and long-term outcomes are important for determining
behavioral change, for the purposes of this study, these data
were not collected.

Primary Outcome
The primary outcome was the intention to use a DA in clinical
practice after completing the web-based training program on
SDM in prenatal screening. The primary outcome was measured
preintervention and postintervention (within 24-72 hours of
completing the training, as duration is variable).

The intention to use a DA was chosen as an outcome because
it facilitates the implementation of SDM in clinical practice
[27]. Intentions have already been documented as a strong
measure of predicting a behavior [28]. This outcome could
predict nurses’ mid- or long-term behavior in clinical practice
after receiving the training, that is, it could match the third level
of evaluation suggested by the Kirkpatrick and Kirkpatrick
model [29].

Secondary Outcomes
The secondary objectives were to assess the impact of training
on (1) knowledge related to SDM and prenatal screening, and
(2) nurses’ overall impression of the training, including
satisfaction, acceptability, perceived usefulness, and reaction
(to the pedagogical methods). All secondary outcomes were
evaluated within 24-72 hours of completing the training.

Measures
The Continuing Professional Development Reaction (CPD
Reaction) questionnaire [30] was used to measure behavioral
intention. CPD Reaction is a validated questionnaire (Cronbach
α ranging from .77 to .85) for evaluating continuing professional
development, as the name suggests [29]. The 12-item
questionnaire scores on 5 constructs: intention, social influence,
beliefs about capabilities, moral norm, and beliefs about
consequences. This study focuses on intention; however, the
other constructs were also evaluated for their potential to predict
the behavior of interest.

After receiving the intervention, participants were invited
through the postintervention questionnaire to evaluate their
knowledge. Knowledge was explored using 20 questions: 2
questions on Down syndrome, 7 on prenatal screening, 7 on
SDM, and 4 on ethics. This questionnaire was created by the
Canada Research Chair on Shared Decision Making and
Knowledge Translation based on advice by an SDM expert
(FL), numerous studies of SDM [2,9,31], and governmental
information on prenatal screening [16]. Questions were also

structured following Bloom’s taxonomy of cognitive learning
objectives [32].

Satisfaction was measured regarding the content, trainers, and
overall satisfaction using a self-reported questionnaire created
by Schmidt [33] and adapted for this study.

The measure of acceptability of the training program was based
on a questionnaire by Kasper et al [34]; and questions addressed
the comprehensibility, the amount of information, the quality
of information, and the chosen format of the training.

The measures of perceived usefulness were based on a
questionnaire by Giangreco et al [35]. It considered usefulness
in terms of work responsibilities, relevance of topics to career
development, relevance of topics in relation to individual
learning needs, consistency with declared objectives of the
training mentioned at the beginning of each module of both
training programs, and balance between theory and practice.

Finally, the measure of nurses’ reaction to the pedagogical
aspects of the training used the Kirkpatrick and Kirkpatrick
questionnaire, which assesses the general relevance and utility
of the training for clinical practice [25].

Other Data to be Collected
Participants were invited to complete a sociodemographic
questionnaire before accessing the training for two reasons: to
have a broad picture of the participants and to extract the
information required to create a personal username for the
Université Laval web platform through which they were to
access the training. At the end of the intervention, participants
were asked an open qualitative question about their suggestions
for improvement.

Data Management
All data collected will be kept on the secure server of the polling
firm for 10 years. Following data collection, the firm sent a
deidentified database of all data collected in an Excel file and
a Statistical Analysis Software (SAS) file to the research team.
An identification number was assigned to each participant to
track them throughout the study. The research team saved these
data on the secure server of the CIUSSS-CN (Centre intégré
universitaire de santé et services sociaux de la
Capitale-Nationale).

Sample Size
The sample size was determined in reference to a previous study
in the field [27] that examined the intention to use a DA for
Down syndrome screening among other prenatal care providers,
namely gynecologists, general practitioners, and midwives. The
mean intention score for midwives in this study was 5.78 (SD
0.84). Midwives’ intention was selected as a point of reference
because of their close affinities with nursing practice [36,37].
To detect an average difference between 2 independent groups,
it was estimated that a sample size of 36 nurses (n=18 per group)
would be enough to detect a difference in intention of using a
DA with an error of 0.05, a size effect of 0.8, and power of 80%.

Data Analysis
Descriptive statistical analysis of sociodemographic
characteristics will be performed to ensure the comparability
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of groups (intervention and control). The t test will be performed
on the mean of the intention to use the DA in both groups and
on knowledge scores. Secondary outcomes (knowledge and
overall impression) will be assessed by doing bivariate and
multiple regression analyses. For each outcome analyzed,
according to the type of variable (continuous or categorical),
the degree of fit and the assumptions of each model will be
assessed. The statistical significance threshold is a P value of
<.05, and all statistical analyses will be performed using the
SAS statistical package (SAS Institute). No subgroup analysis
is planned as of yet.

Results

This study started in September 2019, and all data were collected
by January 2020. Statistical analyses and submission of a paper
for publication are anticipated by the end of 2020.

Discussion

It is expected that this study will provide information about the
impact of training on the adoption of SDM skills, such as using
a DA, among nurses in prenatal screening. It is expected that
this web-based training program will significantly increase
nurses’ knowledge about SDM and prenatal screening and will
strengthen their intention to use such a tool in their practice.

Regarding strengths of this study, the web-based training was
created by a team that has 15 years of experience in the
development of SDM tools, including DAs and continuing
professional education programs, and has been specifically
working on tools for prenatal screening decisions for more than
7 years. This training program was created in collaboration with
Université Laval, an institution that can accredit continuing
professional development. The randomized controlled trial is a
strong study design for evaluating the effectiveness of

interventions, as it reduces bias and is a rigorous tool for
examining cause-effect relationships between interventions and
their outcomes [38]. Participants come from different parts of
the province of Quebec, and thus the study will be representative
of different types of practice and demographic profiles (eg, rural
and urban). Moreover, participants are active health care
professionals, and their perspectives will reflect the realities of
current practice and their SDM needs.

As for limitations, the first is that our results do not address the
fourth level of the Kirkpatrick and Kirkpatrick model (2016).
As the program is web-based and focuses exclusively on nurses,
outcomes related to women and their partners, such as reduction
of decisional regret, could not be examined. In addition, nurses
are not the only health care professionals who discuss prenatal
screening. The perspective of others should be integrated into
the future implementation of this web-based program. Moreover,
the sample size does not allow for an examination of the
particularities within nursing practice, such as differences
between registered nurses and nurse practitioners. Furthermore,
the intention of using a DA was only measured once; therefore,
it is not possible to know whether this program has a long-term
effect on intention. Finally, participants could acquire parallel
knowledge in their clinical practice or through curiosity while
doing the training, and this knowledge may interfere with results.

Following analysis of the study results, the training program
will be improved in line with participants’ contributions. Health
care providers’ opinions, in this case the nurses’ perspectives,
provide critical input for upgrading training. A training program
that nurses consider useful and acceptable is more likely to be
adopted by nurses and the institutions in which they work with
expecting parents. To date, evaluations of SDM interventions,
especially in nursing, are rare. This study will be informative
about the effectiveness of such training and can promote
implementation of SDM in all health care practices.
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Abstract

Background: Community-based agriculture has been found to decrease food insecurity and alleviate health inequities.
Furthermore, it provides a sense of ownership, resources to help integrate new communities, and a space to nurture existing
cultural identities for intersectionally diverse gardeners. This sense of belonging in connection with access to growing plots has
been linked to psychological well-being and resilience. However, little is known about how the psychosocial benefits of plot
ownership affect resilience and which aspects of this resilience are salient.

Objective: This community-based participatory research (CBPR) project will examine the role of community gardens in
decreasing food insecurity and facilitating various forms of resilience in food-insecure groups in Rochester, Minnesota. Since
participation in community gardens nurtures various forms of resilience along individual, group, and community dimensions,
our research seeks to understand how dimensions of resilience vary along intersectional lines. In addition to mapping the
psychosocial benefits linked to plot ownership, we find that examining which forms of resilience are fostered in community-based
agricultural projects addresses an important gap in the academic literature. This can help us propose policy-level practices that
reduce health inequities connected to food and nutrition at the local level.

Methods: Using a mixed methods approach, this ongoing community-campus partnership will examine the experiences of
current and new plot owners. As a CBPR project, our data collection plan, from design to dissemination, incorporates the intellectual
and creative labor of the individuals representing members of the campus community (ie, college students and faculty members
engaged in other citizen science projects hosted by the garden), community growers, individuals involved in the community
garden’s board, and representatives of various organizational bodies. Data collection activities will consist of surveys, in-depth
interviews, and photovoice.

Results: This project was funded in January 2020 and approved by the University of Minnesota's Institutional Review Board
in March 2020. For the 2020 growing season, we will conduct evaluative interviews about the effect of COVID-19 on community
gardeners, including their experiences during this growing season. For the 2021 growing season, data collection, via pre- and
postsurveys, is projected to begin in March 2021 and end in November 2021. We will also conduct in-depth interviews from
January to April 2021. Data analysis will commence in April 2021. Photovoice activities (ie, data collection, analysis, synthesis,
and dissemination) are expected to take place during the spring and summer of 2021.
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Conclusions: Findings emerging from this study will provide the preliminary data to foreground community gardening projects
and initiatives to improve physical and mental health outcomes in food-insecure communities. Also, the data collected will
highlight the role of CBPR methods in disseminating information about the organizational practices of the community garden;
this will assist others in planning and implementing similar projects.

International Registered Report Identifier (IRRID): PRR1-10.2196/21218

(JMIR Res Protoc 2020;9(10):e21218)   doi:10.2196/21218

KEYWORDS

community gardening; resilience; food insecurity; racial and ethnic minority populations; campus-community partnerships; CBPR

Introduction

Background
Food insecurity is a social condition where at least one member
of a household unit has limited access to adequate amounts of
nutritious and culturally adequate food or experiences hunger
due to lack of economic and other social resources [1]. Food
insecurity affected around 14.3 million people in the United
States in 2018 [2].  The United States Department of Agriculture
(USDA) indicated that half of the populations experiencing this
deficit are those categorized as US communities of color [3].
Furthermore, households headed by a foreign-born adult tend
to experience more food insecurity than other populations in
the United States [4]. Differential access to sources of nutrition
“leads to nutritional inequalities and diet-related health inequities
in rich and poor cities alike” [5]. Participating in governmental
and other community-based food supplementation and nutrition
programs, such as food pantries; tapping into informal networks
of friends and families for help; developing strategies to access
lower-cost food items; regulating eating patterns; and using
supplementary sources of income are in the range of strategies
employed by food-insecure families in the United States [6].

Community gardening, defined as the use of “plots of land used
for growing food by people from different families, typically
urban dwellers with limited access to their land” [7], is one such
strategy used by families facing food insecurity [8]. Community
gardens provide spaces for people with little-to-no access to
fresh and nutritious food [9], which may also have an impact
on health inequities [10].  Research indicates that community
garden access allows people to develop healthy behaviors,
practices, and habits that could decrease health inequities in the
long run [11], such as increased consumption of fruits and
vegetables [12], aiding in obesity prevention [13,14], and
engagement in sustained physical activities, such as walking
[15].

In addition to a decrease in food insecurity and nutrition-based
health inequities, community gardens provide additional related
benefits to gardeners, especially those from diverse backgrounds
of race, ethnicity, language, class, and other identity markers.
Since these spaces are known to operate at different levels of
“ownership, access, and degree of democratic control” [16],
access to community garden plots nurtures ownership and
belonging among refugees, immigrants, and other marginalized
and minoritized groups in areas where they are socially devalued
[17,18]. As in the case of US foreign-born groups, community
gardens are also uniquely situated to both facilitate integration

within new communities [18-20] and provide a context where
these groups can continue to nurture existing cultural identities
and practices [21,22]. This sense of belonging in connection
with access to plots [18] has been linked to psychological
well-being and resilience [7]. In addition to sustaining spaces
for the exchange of knowledge and the creation of community
bonds, these spaces might serve as “physical havens for safety
and the development of social and spiritual support” [23] in
areas where racial or ethnic and other minorities tend not to be
welcomed by the majority population.

While there have been a few studies looking at the role of
community gardens in fostering food security, well-being, and
resilience in marginalized groups [7,24,25], especially during
times of economic uncertainty [26], several questions remain
unanswered. Despite gardens usually being located in
neighborhoods populated by racial and ethnic minorities,
community gardens tend to be most accessed by Anglo White
gardeners [27]. Furthermore, community gardens have been
conceptualized as “socio-ecological refuges” [23,28,29], since
they increase social cohesion [30] and feelings of empowerment
[31,32] in historically marginalized and socially devalued people
by belonging to groups deemed mainstream in US society.
However, there is little knowledge of how the various
psychosocial benefits [33,34] of plot ownership that affect
resilience in marginalized communities and which aspects of
resilience are salient and possible by this process.

Objectives and Research Aims

Overview
The overall objective of this project is to understand the role of
community gardens in decreasing food insecurity and facilitating
psychosocial wellness and resilience among minoritized
communities in Southeast Minnesota. The motivation for this
inquiry is that the psychosocial benefits of community gardening
include nurturing various forms of resilience in US gardeners
belonging to racial and ethnic, refugee, and immigrant
communities. In particular, our research will attempt to answer
three interconnected issues: (1) the role of community gardens
in decreasing food insecurity among community gardeners of
refugee, immigrant, or racial and ethnic minority backgrounds,
(2) the role of community gardening in self-reported emotional
health and well-being in community gardeners from refugee,
immigrant, or racial and ethnic minority backgrounds, and (3)
the role of community gardening in increasing resilience at
three levels—individual, group, and community dimensions—in
community gardeners of refugee, immigrant, or racial and ethnic
minority backgrounds. The rationale of this proposed research
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is that, in addition to mapping the psychosocial benefits linked
to community garden plot ownership, examining which forms
of resilience are connected to community gardening addresses
a gap in the academic literature, which can help us propose
policy-level practices that reduce health inequities connected
to food and nutrition at the local level.

Adhering to a community-based participatory research (CBPR)
process, the specific aims outlined below will help us gather
data for a larger examination of the role of community gardening
in shaping health across minoritized communities in Minnesota.
We will map and analyze these unique patterns through
interviews and pre- and postsurveys of food-insecure populations
in Rochester, Minnesota: current and new growers assigned
community garden plots.

Aim 1
Our first aim is to examine food security in different,
underserved communities in Rochester, Minnesota. Racial or
ethnic, sociocultural, and demographic disparities in food
security do not always align with data at the aggregate level or
are masked when examined. Our pre- and postsurveys include
measures on food insecurity, as detailed in our Methods section,
and our qualitative interviews will also explore gardeners’
experiences and perceptions of food insecurity and access in
their community.

Aim 2
Our second aim is to identify the psychosocial benefits linked
to community garden plot ownership. Access to community
plots has been found to have psychological benefits for
gardeners. Also, these are spaces that facilitate cross-cultural
knowledge sharing [34-36]. We will examine these psychosocial
benefits in both our pre- and postsurveys and qualitative
interviews, as well as in our photovoice interviews with plot
owners.

Aim 3
Our third aim is to establish the extent to which community
garden plot ownership and support by The Village Community
Garden & Learning Center (VCGLC) staff and volunteers
facilitate resilience in food-insecure members of US racial or
ethnic, immigrant, or refugee groups in Rochester, Minnesota.
We will measure resilience by conducting interviews and pre-
and postsurveys with plot owners. Our survey includes
replication of an instrument developed by Kimhi and colleagues
[37] to examine three different dimensions of resilience in
majority-minority groups—individual, community, and ethnic
origin–based resilience—taking into consideration protective
and suppressing factors that shape a sense of resilience.

Methods

Target Community
Current research indicates that communities made up of refugees
[4], immigrants [38], and racial or ethnic minorities [39] are at
a higher risk of being food insecure than other population
groups. Pilot data from conversations with VCGLC coordinators
and board members collected at the end of the 2019 growing
season suggest that a great need for the growers is being met.

Most of these individuals are of Southeast Asian descent (ie,
Hmong, Cambodian, and Indian), are Latino and Latina, are of
African diaspora ancestry, or are individuals coming from
economically fragile or working-class backgrounds. Racial and
ethnic minorities and those claiming refugee status make up
more than 90% of the current growers. At the moment, the
health department is currently working with others in the
community, including members of the VCGLC board, to
conduct other assessment-related studies looking at food security
in Rochester, Minnesota, to get a better understanding of the
issue, specifically related to communities of color.

The Village Community Garden & Learning Center
As a community-campus initiative, the VCGLC maintains
community garden spaces for diverse Rochester groups to feed
themselves, reduce food costs, and foster connections across
cultures and experiences. Since its inception, the VCGLC has
served as a community partner and learning site for an
upper-division course at the University of Minnesota Rochester.
In a year and a half, the VCGLC has increased access to fresh,
healthy, and culturally relevant foods for racial or ethnic
minority, immigrant, and refugee community members who
have limited access to such foods. In addition to supporting
over 120 intersectionally diverse growers, the VCGLC currently
donates excess vegetables and fruits to local food pantries.
Stakeholders with a firm commitment to the VCGLC project,
via funding and other forms of support, include higher education,
the local public health office, the water and soil conservation
district office, the local library, the mayor’s office, various food
cooperatives, nonprofit organizations, and the local farmers’
market.

Community-Based Participatory Research
Our partnership’s long-term goal is to improve the health of
food-insecure groups in Rochester, Minnesota, via access to
community garden spaces that nurture connections and
community building among different groups by using
equity-based approaches such as CBPR. By CBPR, we refer to
the iterative and holistic process outlined by Israel and
colleagues [40,41] that sees communities involved as unique
units of identity, and centers the particular strengths and
resources that these communities bring when defining,
implementing, and engaging in research. Collaboration between
community members and researchers is embedded throughout
the research process, with the knowledge and practices gleaned
being used to benefit all involved. As a process sensitive to the
ebbs and flows of relationship building and trust, it also aims
to disseminate knowledge and practices with language that is
empowering and accessible to the communities involved, while
being aware of the power dynamics inherent in research.

This project utilizes a community-participatory-based research
oversight board—referred to throughout this article as the
VCGLC board—composed of community members who are
current growers in the garden, students, faculty researchers, and
representatives from key local entities. Furthermore, many
CBPR teams tend not to reflect the diversity of the community
at the center of their inquiry; however, our board makeup not
only reflects the membership of the garden but also features the
collaboration of two research project supervisors with experience
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in academic-community research partnerships and community
health work with ethnic and racial minorities. Furthermore, both
the community principal investigator and the academic principal
investigator are first-generation Americans and native-language
speakers of the two represented refugee and immigrant
communities in the garden. Also, the research data will be
collected by research assistants that speak the language, some
of whom are members of the communities represented in the
garden: Cambodian, Latino and Latina, Hmong, and Somalian.
We will also train and compensate students and members of
our board, many of whom are also community gardeners, in
collecting, transcribing, and analyzing in-depth interviews and
conducting some of the pre- and postsurveys.

Data Collection
COVID-19 has created and increased the severity of social
issues that cause food insecurity, economic insecurity, and
disconnection. Therefore, we believe that evaluating the
outcomes of community-engaged gardening would not provide
a usual, valid result. We have chosen to outline an evaluation
plan for this COVID-19 growing season (2020) and a research
plan for the next season (2021).

COVID-19 Growing Season (2020)
In the fall 2020 growing season, we plan to conduct a qualitative
evaluation program and gather responses regarding
COVID-19-related difficulties. Open-air interviews will be
conducted in the community garden. Participants and moderators
will be masked and will maintain adequate distancing. From
September to November 2020, we will conduct 20 interviews,
each 60 minutes in length, with the majority of the gardeners
in English, Spanish, and Khmer. Participants will be recruited
via telephone, an established means of communication for this
project. We will sample participants to roughly match
interviewees with the composition of our gardeners:
approximately 10 Cambodian people, 5 Hispanic people, and
5 participants randomly sampled from other groups, the majority
of whom are also of minority backgrounds. Each participant
will be offered a US $20 gift card to a local grocery store for
completing the interview.

These semistructured qualitative sessions will focus on
evaluating the logistics of participating in the community garden,
such as sign-up, plot allocation, provision of supplies, and
support by the VCGLC staff throughout the growing season,
as well as evaluating the community reaction (eg, we will ask
if the community garden meets the participants’ needs) and
eliciting ideas to strengthen and expand the program. Finally,
we will ask questions about how the community garden was
accessed in relation to COVID-19. Some queries will involve
perceptions of how the community garden helped participants
navigate COVID-19-related economic difficulties, including
food security, as well as other difficulties like the ability to grow
food that may have been unavailable due to grocery store
closures. We will also ask participants if the garden helped with
other difficulties connected to the pandemic, such as social
isolation and stress from stay-at-home orders.

At the time of writing, we are meeting as a board to develop
the in-depth interview questions in light of COVID-19. Collected

data will be transcribed; transcripts will then be coded
inductively and deductively by at least two coders, using NVivo
software (QSR International). Interrater reliability between
coders will be checked.

Next Growing Season (2021)
We will measure food insecurity, emotional health, and
resilience by employing a mixed methods approach, including
pre- and postsurveys and semistructured interviews with plot
owners.

Survey Data Collection
During the first months of the project, we engaged the VCGLC
board to give us direction in refining data collection tools to
measure the above outcomes. As of June 2020, the board
discussed and approved the following measures to be used to
survey gardeners at the start (ie, June 2021) and at the end of
the growing season (ie, October 2021). We will conduct up to
130 preseason surveys and 130 postseason surveys of the same
gardeners. Current enrollment is 130 plots, meaning that we
plan to survey everyone involved. This number may increase
next year, in which case we will use stratified random sampling
so that the final sample reflects the ethnic makeup of the
gardeners, which we learned from our community garden
contract that we administered preseason. Participants will be
recruited by telephone. Surveys will be administered via phone;
non-English speakers will be given the survey in their native
language. We anticipate high response rates due to the
community’s engagement with programmatic and community
activities. Each participant will be compensated with a US $10
gift card for completing the pre- and postsurveys.

Measures
Food insecurity will be measured using the USDA’s US
Household Food Security Survey Module and the Food
Insecurity Experience Scale Survey Module [42]. This scale
not only measures severity levels of food insecurity arising from
lack of resources, but it has also been cross-culturally validated
using the language represented by the VCGLC’s growers. We
will include items regarding food behaviors from the US Centers
for Disease Control and Prevention’s Behavioral Risk Factor
Surveillance System [43]. Psychosocial and resilience measures
include the Kessler Psychological Distress Scale [44], the
Connor-Davidson Resilience Scale [45], the Conjoint
Community Resiliency Assessment Measure, and the short
National Resilience Scale [46]. Many of these measures include
validated translations in the languages of the growers and
members of the VCGLC board. For those that do not, we will
translate and back-translate de novo. So far, we have translated
the instruments into Spanish and Khmer; we have plans for
other languages as needed.

Qualitative Data Collection

Interviews

By conducting in-depth interviews with plot owners and people
who attend our events, we will investigate the role of the
VCGLC in facilitating opportunities and providing resources
for cross-community connections, furthering a sense of
collective well-being and increasing the sense of belonging and
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empowerment. Conditions willing, we will conduct in-depth
interviews from October to December 2021 with current and
incoming gardeners. Interviews will be conducted in the
participant’s preferred language with one of the members of the
VCGLC board interpreting or facilitating, some of whom are
native speakers of Khmer, Spanish, and Somali. A telephone
interpreter will be hired from one of our local community
partners for other languages. Participants will be recruited via
phone or on-site at the garden. Interviews will be 60 minutes
long, semistructured, and conducted on-site or via phone. Each
participant will be offered a US $20 gift card to a local grocery
store for participating in the interview.

Photovoice

For the next growing season (2021), we will train a select group
of the VCGLC’s gardeners in photovoice, a visual participatory
action research approach that gives voice to marginalized
communities by using pictures to present their concerns to
stakeholders [47,48]. Participants and facilitators will each be
paid a stipend for participating in the photovoice meetings. This
part of the research project will add a visual component that
can be used during the community dissemination event at the
end of 2021. An aspect of photovoice is the hosting of a photo
exhibit to present findings to community stakeholders. This
event will be open to growers and their families as well as to
the wider community for input and support on the VCGLC’s
future steps.

Campus-Community Partnership

Community collaborations between educational institutions and
community-based agricultural bodies strengthen
community-campus relationships [49]. Using a model like
CBPR, which puts equal weight on community and academic
members’ research interests, knowledge production, and
opinions about how the research should be conducted, can
promote healing and trust between the community and the
University of Minnesota Rochester.

Data Analysis
We plan to use chi-square tests and paired t tests of the scales’
scores to compare pre- and postresponses. This will give us an
understanding of whether participants indicated that community
gardening would improve food security, emotional health, and
resilience. Qualitative interviews will be inductively and
deductively coded by at least two coders; an interrater reliability
score will be calculated.

A note on mixed methods: we propose an approach where data
from the qualitative methods, including our photovoice findings,
will be used to understand the experience of food insecurity,
resilience, and psychosocial well-being as related to community
gardening participation. The collection of quantitative data and
in-depth interviews is happening almost simultaneously to allow
both the previously collected 2020 evaluation data and the
analytical insights from our 2021 surveys to inform the
qualitative analysis of in-depth interviews and the photovoice
process. Quantitative pre- and postsurvey data will allow us to
track changes in our outcomes using validated scales across
nearly all participants. Our qualitative data will allow us to
better understand how and why gardeners felt that the process

of gardening and community engagement affected them. While
our quantitative data will allow us to compare outcomes
effectively, the qualitative data will allow us to retain the ideas
and voices of gardeners spoken in their own words.

Results

Overview
This project was funded in January 2020 and approved by the
University of Minnesota's Institutional Review Board in March
2020. As of September 2, 2020, we have begun recruiting
participants for the evaluation interviews. In addition, our
original research design had to change due to pandemic
conditions.

COVID-19 Safety Protocols
Our board met and approved a safety protocol and the creation
of culturally relevant signage. These promote and inform how
to socially distance while using the garden. We have also
developed an approved calendar system to decrease contact
between gardeners.

Increase in Participants
Initially, we sought to enroll all 30 of the active community
gardeners. As of the time of writing, our total number of
participants increased from 30 to 130, as noted in the Methods
section, not including gardeners wait-listed to receive a plot.
This was the result of two interconnected issues affecting the
community at large: first, the closing of other community garden
spaces once supported by a local social service agency; and
second, the increase of people reaching out to the community
garden’s founder—a long-standing leader and member in the
Southeast Asian community—for help finding places to grow
food, citing fears that the pandemic would cause ethnic-based
markets of culturally specific produce to close. The board sought
areas for this sudden influx of participants by meeting with
faith-based organizations, social services, and other agencies,
one being the local museum, that could provide adequate space
for garden plots. At the time of updating this proposal we have
four sites to manage. We will survey all of the people currently
assigned a garden plot in these four sites, but the board is
currently meeting to decide how we will sample for the
qualitative interviews.

Research Design
The board indicated the need to capture people’s growing and
food needs during a moment of crisis. We are currently meeting
to discuss the way we will integrate COVID-19-specific
questions during the in-depth interview phase of our research.
We have also added to the pre- and postsurveys questions that
ask participants how the current health pandemic has affected
how they shop for produce.

Discussion

Overview
The three research aims detailed earlier in this proposal build
toward a community-led design and implementation of a more
extensive intervention to promote community-based agricultural
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initiatives to improve physical and mental health in
food-insecure communities of color in Rochester, Minnesota.
Accomplishing these aims will shape and refine ongoing
practices by the VCGLC that will assist others in planning and
implementing similar community garden projects.

Limitations
There may be some limitations to our study, especially when
taking into account the CBPR approach to the project,
recruitment, and COVID-19. Firstly, our research plans may
shift, not only because CBPR-based initiatives take more time,
but because of input from community stakeholders. One example
would be that additional time spent by research assistants
requires additional compensation. Another shift may happen
when members of the board seek to implement changes from
one methodological approach, say photovoice, in response to
already-collected data.

Due to our strategy of going through community leaders who
have experience working in community gardens, owning and
managing small farms, or designing urban green spaces, some
of the people recruited might have more experience. Thus,
results from this project may not be generalizable to all types
of community garden projects, especially the few that serve
growers from marginalized backgrounds.

Also, just like past research [6,50] and conversations with the
VCGLC board suggest, COVID-19 worries may force people
to strategize ways to minimize their food insecurity (eg, eating
less, borrowing more money to buy food, and stretching food
supplies to last longer). Since some of our participants were
recruited with the help of a food pantry, some of the people
agreeing to sign up might have experienced food insecurity in
the past. Newly food-insecure families may deal with pandemic
effects differently than those who have experienced bouts of
food insecurity before COVID-19 [51], which could mean that
we might not be capturing the experience of newly food-insecure
community garden growers.

Strengths
Despite the limitations listed above, our project has several
strengths: firstly, the makeup of the VCGLC board (ie, over
50% of the members represent not only growers but belong to
communities found in the garden). Also, the processes outlined
in our memorandum of understanding prevent us from
replicating issues associated with some CBPR projects, such as

“unintended consequences of re-colonizing the population”
involved in the research [52]. Furthermore, both the academic
investigator and the community coinvestigator identify as
second-generation and first-generation immigrants to the United
States, respectively, and belong to two of the largest ethnic and
racial communities represented by the growers. Due to the time
we spent carefully developing our CBPR processes and the
sensitivity to the dynamics of power and privilege, our project
might avoid issues that make it difficult for other CBPR projects
to fulfill their goals of an equal research partnership that could
“[e]nable fairness and equality at each step of the research”
[53].

COVID-19 is intensifying inequities, especially concerning
food and nutrition. For example, these social shifts and responses
to the pandemic food issues increase chronic health conditions
like those related to obesity [54], which makes our study timely.
In the case of obesity, there is not only the link between obesity
and food access; this is one of those chronic health conditions
that increase the severity of COVID-19 symptoms [55].

Our study is focused on emotional health, which is also relevant
to COVID-19 effects. As research suggests, there is a strong
association between depression and anxiety and
pandemic-related cases of food insecurity [56]. Also, there is
what we call the urgency and agency of place during crisis,
meaning that the garden may be giving growers a sense of
empowerment at a moment of uncertainty, with the added caring
support of our community garden volunteers and board
members. Research has shown that gardens are considered safe
spaces that facilitate positive mental health for those whose
cultures are devalued by mainstream society. Our garden is
providing this and more to growers from minoritized
communities when they might bear the brunt of indignities and
negative social effects.

Conclusions
Findings emerging from this study will provide us with
preliminary data to implement a more extensive intervention
for community gardening projects and initiatives to improve
physical and mental health outcomes in food-insecure
communities. Also, data collected will help us highlight the role
of CBPR methods in disseminating information on the
organizational community garden practices that can assist others
in planning and implementing similar projects.
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Abstract

Background: Universal, high-quality childcare offers a unique opportunity to prevent developmental trajectories leading to
mental health problems. Yet, growing evidence has shown that the process quality of Norwegian childcare centers varies
considerably, and that research-based models for quality building are significantly lacking.

Objective: To examine whether a model for quality building in childcare centers, Thrive by Three, increases the quality of
child–caregiver interactions, and promotes child development, well-being, and mental health.

Methods: The Thrive by Three study is a clustered randomized controlled trial involving 187 toddler groups in childcare centers
across 7 municipalities within southern and central Norway. Each center is randomly allocated to the intervention or wait-list
control group. Data are collected at 4 points: preintervention (T1), midway (T2), postintervention (T3), and 1-year postintervention
(T4). Primary outcomes are changes in childcare quality measured by the Classroom Assessment Scoring System toddler version
(CLASS), Student–Teacher Relationship Scale, Short Form (STRS-SF), and Life in Early Childhood Programs (LECP), as well
as child development and mental health measured by The Brief Infant Toddler Social and Emotional Assessment (BITSEA, parent
and teacher report), the Caregiver–Teacher Report Form (C-TRF), and Child Behavior Checklist (parent report) from the Achenbach
System of Empirically Based Assessment (ASEBA) from 1.5 to 5 years, and child well-being measured by the Leiden Inventory
for Child’s Well-Being in Day Care (LICW-D). Secondary outcomes are child cortisol levels, assessed in a subsample of 372
children.

Results: As of August 2020, a total of 1531 children and 769 staff from 187 toddler groups were recruited. Because of turnover,
the recruitment of staff will be ongoing until August 2020. As of January 2020, the intervention group has been working with
Thrive by Three for 1.5 years. Data at T1, T2, and T3 from both the intervention and control groups have been completed and
T4 will be completed in August 2020.

Conclusions: This study makes an important contribution to the field of quality building in childcare centers. The results will
provide greater insight into how high quality can be obtained and the effects of high-quality early childcare on child mental health.
This in turn will be significant for policymakers and to the Norwegian society at large.

Trial Registration: ClinicalTrials.gov NCT03879733; https://clinicaltrials.gov/ct2/show/NCT03879733 and Norwegian Research
Council 260624/H10; https://prosjektbanken.forskningsradet.no/#/project/NFR/260624/Sprak=en
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Introduction

Background
Mounting evidence supports the notion that high-quality
childcare centers promote children’s mental health [1,2].
High-quality childcare protects and promotes the underpinnings
of mental health in a phase of life when brain plasticity is most
pronounced [3,4]; hence, it may prevent the onset of deviant
developmental trajectories in toddlers and compensate for
insufficient resources at home [5,6]. Evidence also suggests
that centers of poor quality can have detrimental effects on
children’s development [7,8]. Because more than 80% of 1 and
2 year olds in Norway attend childcare, and stay there for long
hours [9], interventions targeting caregiver–child interactions
may prove an important avenue toward universal prevention of
mental health problems.

Childcare quality includes elements of both structure (eg,
number of staff, staff training and education, group size,
child-to-caregiver ratio) and process (eg, caregiver–child
relationship, parental involvement) [10]. Process quality in
terms of warm, sensitive, and stimulating relationships between
caregivers and young children [11] is arguably the most
important ingredient of quality as it has long-term effects on
children’s mental health, well-being, and development [12].
Importantly, high process quality seems to be particularly
important for children at risk [13].

New evidence shows that quality varies substantially between
centers [14,15], and preliminary findings indicate that, by
international comparison, quality in Norway is only moderately
high [15]. Norway has failed to implement a minimum level of
training for all childcare staff. As much as 60% of childcare
staff have no formal qualifications on bachelor level for working
with children [16]. Even some educated childcare teachers report
lack of competence in taking care of children under the age of
3 [17]. This means that many toddlers spend most of their time
interacting with staff with minimal or insufficient training. The
need to enhance competence among childcare staff working
with the youngest children is urgent. Moreover, a standardized
and systematic procedure for measuring and monitoring process
quality in childcare centers is lacking in Norway. This means
that, unless a childcare center has participated in research, the
level of quality that childcare centers provide to young children
is largely unknown.

Few of the existing interventions for preventive quality
improvement in childcare specifically focus on the youngest
children. Furthermore, most interventions have been narrow in
their scope, targeting only single topics such as conduct
problems [18], anxiety [19], or language problems [20], thereby
limiting their effect on children’s mental health. We will
therefore break new grounds by conducting a cluster randomized

controlled trial (RCT) of a newly developed comprehensive
intervention for promoting mental health among toddlers through
quality-enhancement in childcare, the Thrive by Three [21-23].

Thrive by Three is grounded in transactional models for
development [24,25] and research showing that interactions
between young children and caregivers are primary mechanisms
of mental health, child development, and learning [26-29].
Thrive by Three is culturally sensitive, and is universally
preventive in the sense that it includes all 1-3 year olds attending
childcare. The intervention consists of 3 core elements: (1)
quality building through competence enhancement for all staff
regardless of level of formal education, (2) a model for
peer-driven quality control and tailored supervision at classroom
level in the participating centers, and (3) supervision of
supervisors and mentors. Thrive by Three is modeled after the
Thrive by Five, Seeds to Success, and Early Achievers
quality-building and quality control measures, broadly
implemented in childcare centers in the state of Washington in
the United States [21-23] and piloted in a large Norwegian
community sample [30].

This study has 2 primary aims: to determine the extent to which
Thrive by Three (1) improves the quality of caregiver–child
interactions and (2) strengthens children’s mental health, and
social and cognitive development, after the intervention and at
a 12-month follow-up. The secondary aims consist of
determining the extent to which the intervention effects are
moderated by (1) the implementation outcomes (fidelity and
acceptability) and (2) child and family characteristics such as
temperament, ethnicity, and socioeconomic background. In a
subsample, we will also address (1) the characteristics of
children with especially high cortisol levels during transition
to childcare and (2) whether children in childcare units receiving
the intervention have lower cortisol levels compared with
controls. In another subsample we will qualitatively investigate
parents’ and caregivers’ experience with the intervention.

Pilot Study
The Thrive by Three intervention was piloted in a large
community sample in 2 cohorts of 25/49 public (51%) and 24/49
private (49%) childcare centers from August 2016 to June 2018.
A total of 49 centers and 243 groups of children aged 1-5
participated. The design was a simple pre–post design. The
childcare centers were observed with Classroom Assessment
Scoring System (CLASS; toddler and Pre-K), before the
intervention started (pre) and after 10 months (post). Childcare
staff filled out electronic questionnaires on background factors
of the centers, the childcare classrooms, and themselves
(ethnicity, education, staff turnover, attitudes toward the
intervention). The pilot intervention differed from the current
version of Thrive by Three intervention in 2 ways:
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1. The written material given to the staff was less
comprehensive in the pilot and parents were not given any
written material.

2. The staff supervisors did not receive supervision from
mentors.

For toddler groups (ages 1-3) we found a small but significant
increase in quality from pre to post in the Emotional and
behavioral support domain (mean 5.97 [SD 0.41] vs mean 6.08
[SD 0.38]; t103=–2.45; P=.02) but not in the Engaged support
for learning domain (mean 3.24 [SD 0.76] vs mean 3.44 [0.77];
t103=–1,86; P=.07). For the Pre-k groups (ages 3-5), there was
a significant increase in quality from pre to post measures across
all 3 domains: Emotional support (mean 6.06 [SD 0.56] vs mean
6.20 [SD 0.43]; t127=–2.56; P=.01), Classroom organization
(mean 5.27 [SD 0.76] vs mean 5.55 [SD 0.66]; t127=–3.38;
P=.001), and Instructional support (mean 2.67 [SD 0.84] vs
mean 3.02 [SD 0.98]; t127=–3.40; P=.001). Moreover, qualitative
interviews with center leaders, head teachers, and staff from the
first cohort (N=53) revealed great satisfaction with the
quality-building framework and the holistic approach to quality

building. Overall, they reported feeling more competent in their
day-to-day interactions with the children and highlighted that
the intervention had given all staff on different levels shared
knowledge and a shared language to talk about quality with
colleagues. There were, however, also several challenges. Most
importantly, staff needed more time than predicted to fully
comprehend the CLASS framework and content of the specific
dimensions. The supervisors did not receive enough support
and reported lacking a manual/written material to help structure
the supervision throughout the intervention period.

Methods

Study Design
This study is a clustered RCT delivered in childcare centers
with toddler groups in 2 regions in Norway: southern and
central. We selected a random sample using SPSS (IBM). The
stages of enrollment, intervention, and assessment are presented
in Table 1. A more detailed display of the different assessment
time points is presented in Table 2.

Table 1. The stages of enrollment, intervention, and assessment of Thrive by Three.

Study periodResearch stage

Spring 2020Fall 2019Spring 2019Fall 2018Spring 2018Fall 2017Spring 2017

Enrollment

xMunicipalities

Informed consent

xxStaff

xxChildren

xAllocation

Intervention

xxIntervention group

xxControl group

Assessment

1-year follow upPostPrePrimary and secondary outcomes

Table 2. Overview of assessment and informants at different time points.

Time pointAssessment and informants

T4T3 (June 2019)T2 (January 2019)T1 (September 2018)

Questionnaires

xxxChildcare staff about their job

xxxChildcare staff about the child

xxxParents about themselves and child

xxxxCLASSa observations

xxxCortisol measurement (300 children)

aCLASS: Classroom Assessment Scoring System.
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Eligibility Criteria
Childcare settings with toddler groups in the Oslo region and
Central Norway are eligible for participation. The participating
children must be aged between 12 and 35 months. Childcare
center eligibility is determined by region of the country and
municipality. The primary study sites are in southeastern and
central parts of Norway. The recruitment period started in
February 2017 and lasted until August 2018. First, municipalities
were recruited during the spring of 2017. Then, childcare centers
within each municipality were recruited during spring and fall
of 2017. Childcare staff consented during the fall of 2017.
Children were recruited from fall of 2017 until August 2018.
The long recruitment period of children is due to the fact that
children under the age of 2 typically enter childcare centers for
the first time in August, the year they turn 1. The lists of eligible
children were therefore not complete until August 2018. Because
of a high staff turnover, new staff members are invited to
consent to participate throughout the year.

The intervention is offered during a complete year cycle in the
participating centers. The control group is offered the
intervention the following year cycle. Childcare quality is
measured before, during, and after the intervention (3 time
points). Parents and staff fill out questionnaires before and after
the intervention. In addition, participating toddler groups and
children will be measured 1 year after the intervention to identify
possible long-term effects.

Children in the participating toddler groups are recruited via a
written invitation to their parents given to them at the childcare
center. Childcare staff keep in touch with the parents throughout
the study period. The project team has no direct contact with
parents. All information is given through the childcare center.

Inclusion Criteria
All childcare centers in the participating municipalities were
allowed to participate as long as they had at least one toddler
group, or groups with children aged 12–36 months. After the
municipalities had consented to participate in the study,
childcare centers within each municipality were recruited.
Childcare centers volunteered to participate. All parents of
children in the toddler groups of the participating childcare
centers were invited to participate.

Exclusion Criteria
Childcare centers with no children under the age of 36 months
were not eligible for the study.

Intervention Care and Comparison

Intervention
Thrive by Three is a 10-month intervention, aimed at increasing
the quality of Norwegian childcare centers. It is grounded in
transactional models for development [24,25] and research
showing that interactions between young children and caregivers
are a primary mechanism of mental health, child development,
and learning [26-29].

Thrive by Three offers a standardized measurement of quality
3 times throughout the year through observations conducted by
25 certified observers (from the municipality) in classrooms
with children between 1 and 3 years of age using a standardized
observations method, CLASS toddler. Following observations,
all staff in the intervention group receive feedback on a group
level on their score based on the 8 quality dimensions of
CLASS, showing strengths and weaknesses of interaction. Staff
receive systematic guidance by their head teacher on a monthly
basis based on the quality measure and an action plan for
improvement. The head teachers, in turn, receive supervision
from mentors. Staff in each toddler group meet together 10
times with their head teacher during the intervention period,
focusing on 1 or 2 CLASS dimensions each time. Between
meetings, all employees focus on the present CLASS dimension
in their daily work with children.

All childcare employees in the 7 municipalities attend 3 full-day
seminars, focusing on research-based knowledge on young
children’s mental health and its risk and protective factors, early
signs of mental and developmental problems, and crucial aspects
of childcare quality. Center leaders and head teachers participate
in 2 extra sessions focusing on leadership, feedback, supervision,
and how to address concerns about a child to his/her parents
when necessary.

In addition, comprehensive written material is provided to
parents, employees, head teachers, and mentors. There are 7
booklets for parents about children’s early development and
tips to help them support their own child’s development,
guidance manuals for mentors, and a 30-page resource booklet
for all employees in the centers. Access to the project website
is also available to parents and employees at tf3.no.

Control
The wait-list control group is offered the intervention 1 year
later but is observed at T1, T2, and T3 along with the
intervention group. The control group does not receive feedback
or guidance following the observations until they receive the
intervention 1 year later.

Procedure

Overview
Figure 1 presents a graphic representation of the study
procedures. Following recruitment, observers and mentors are
trained in the childcare quality observation method, CLASS
[31]. This is a 2-day training, led by a certified trainer. After
training, the Teachstone reliability test is taken. Supervisors get
extra training in the method, but do not go through the reliability
test to become certified. Each childcare unit is observed by the
CLASS-certified observers for 45 minutes, preintervention,
midintervention, and postintervention and at 1-year follow-up.
The preintervention CLASS observation is used as the basis for
supervision and quality enhancement in each unit.
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Figure 1. Flowchart of study procedures for Thrive by Three.

Randomization
Childcare centers within each municipality are randomly
allocated to the intervention or wait-list control group. Because
we could not randomize the units in the same center due to
contamination, randomization occurred on the center level, but
the intervention is on the unit level. The randomization was
stratified based on center size to assure that larger and smaller

centers were equally distributed across the control and
intervention conditions.

Blinding
Because of the nature of the intervention, it is not possible for
the participants to be unaware of the intervention condition they
are assigned to.
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Outcomes

Data Collection
Data are collected at four points: T1 (preintervention), T2
(midway assessment), T3 (postintervention), and T4 (1-year
postintervention follow-up). Participants from the intervention
and control centers (parents, childcare staff, and group leaders)
are sent links to the questionnaire via SMS text message or
email. Each child is given unique, confidential identifiers to
log-in and answer questions about the child (by the parent/staff).
Both parents and 1 selected staff member working with each
participating child are asked to fill out the questionnaires about
the child. In addition, parents and childcare staff answer
questions about themselves, and the staff about aspects of the
center they work in. Each unit in the participating centers (both
intervention and control centers) is also observed by trained

CLASS observers at the following periods: preintervention,
midintervention, postintervention, and during a follow-up 1
year later (only the intervention group).

T1 took place in September and October 2018 with CLASS
observations in 187 units (both the control and intervention
groups, with only the intervention group receiving feedback)
and questionnaires to all staff and parents. T2 took place in
January 2019 with new CLASS observations but no
questionnaires. T3 took place at the end of the intervention (1
childcare year) in May/June 2019 with CLASS observations
and questionnaires to all staff and parents. In addition,
qualitative interviews will be conducted at T3. At 1-year
follow-up after the intervention (T4) the intervention group is
observed with CLASS and questionnaires will be filed out by
all staff and parents (Textbox 1).

Textbox 1. Study outcomes and measures used for Thrive by Three.

Primary outcomes

• Childcare quality:

• Classroom Assessment Scoring System (CLASS) toddler version

• The Student–Teacher Relationship Scale, Short Form (STRS-SF)

• Life in Early Childhood Programs (LECP)

• Child outcomes:

• The Brief Infant Toddler Social and Emotional Assessment (BITSEA, parent and teacher report)

• Caregiver–Teacher Report Form (C-TRF, teacher report)

• Child Behavior Checklist (CBCL, parent report)

• Language Development Survey (LDS)

• Leiden Inventory for Child’s Well-Being in Day Care (LICW-D)

• Secure Base Safe Haven Observation Unit (SBSHO)

Secondary outcomes

• Measurement of child cortisol levels

Primary Outcomes

Study Hypothesis

The primary outcome for this study is a comparison between
centers randomly allocated to the Thrive by Three intervention
and wait-list control centers receiving the intervention 12 months
later. We hypothesize that Thrive by Three will prove superior
to the wait-list control after the 10-month intervention period
and at the 12-month follow-up with respect to childcare quality
and children’s mental health, development, and well-being.

Childcare Quality

The lead teacher in each classroom reports features of the
childcare such as type of care, group size, staff-to-child ratio,
and characteristics of the child group and staff.

CLASS toddler version [31,32] is used to evaluate process
quality. CLASS provides relevant, valid, and reliable
information about child–caregiver interactions [31]. Each unit
is observed by the CLASS observers for three 15-minute periods

(preintervention, midintervention, and postintervention) as well
as during a follow-up 1 year later (only the intervention group).

The quality of teacher–child relationships (ie, children’s
relationship with teacher) as perceived by the teacher is assessed
through 3 dimensions, namely, closeness, conflict, and
dependency, using The Student–Teacher Relationship Scale,
Short Form (STRS-SF) [33,34], which consists of 15 items.

Life in Early Childhood Programs (LECP) measures the
atmosphere, routines, and rhythms of the group [35]. The LECP
asks teachers about the degree of control and organization
(degree of consistency or routines, if objects or toys are put in
the same place), the use of space, contextual traffic (if many
people are coming and going), and group density. A higher
score on the LECP indicates a higher level of chaos in the group.

Child Outcomes

Children’s development and mental health outcomes are
determined by serval measures, gathered from both parents and
1 selected staff member working with each participating child.
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The Brief Infant Toddler Social and Emotional Assessment
(BITSEA, parent and teacher report) [36] is used to map
children’s social/emotional/behavior problems and delayed
development across 4 domains: externalizing, internalizing,
dysregulation, and competence.

Caregiver–Teacher Report Form (C-TRF, teacher report) and
Child Behavior Checklist (CBCL, parent report) from the
Achenbach System of Empirically Based Assessment (ASEBA)
from 1.5 to 5 years [37] are checklists used for mapping
emotional difficulties and behavior problems in children. The
checklist measures symptoms of anxiety/depression, somatic
disorder, withdrawnness, attention difficulties, and aggressive
behavior, as well as overarching internalizing and externalizing
behaviors. In addition, the Language Development Survey
(LDS) is included as part of CBCL for parents to measure which
words children use. LDS is answered by mother, father, and
teacher for this study.

Leiden Inventory for Child’s Well-Being in Day Care (LICW-D)
[38] measures the child’s socioemotional well-being in daycare
with 12 items (eg, enjoys attending, feels at ease in the group,
not difficult saying goodbye to parents). Mother, father, and
teacher answer these questions in this study.

Secure Base Safe Haven Observation Unit (SBSHO) [39]
measures children’s secure attachment to their caregiver.
Through 20 questions, parents and the child’s key person in the
group are asked to evaluate to which degree the child uses them
as a secure base.

Secondary Outcome: Child Cortisol Levels
Child cortisol levels are assessed in a subsample of 300 children
who enter childcare for the first time. The tests are done in the
childcare center at 10 am and 3 pm and at home at 6 pm for 2
days at T1 (the average is calculated). At T2, cortisol levels are
assessed at 10 am and 3 pm for 2 days in the center and 2 days
at home during a weekend (the average for every point in time).
At T3, measures are taken in the same way as T1. The collection,
storage, and evaluation, including the placement of the material,
are approved by Regional Committees for Medical and Health
Research [40], reference number 2017/430 [40].

Implementation Outcomes

Fidelity

Fidelity to the intervention is measured through checklists and
self-reporting [41]. Class attendance and attendance in monthly
supervision sessions is registered. The supervisors rate their
own fidelity of intervention on a 5-point Likert scale (from
minimal to high) through questions such as “I helped use the
CLASS dimensions and relational quality when the supervisor
reflected on practice,” “I focused on how the supervisor could
develop as a mentor for their staff.”

Acceptability

Acceptability (ie, the users’ satisfaction with various aspects of
the intervention) is measured by self-report and focus group
interviews with parents and staff at the end of the intervention
period.

Sustainability

Sustainability is to be measured through semistructured
interviews and self-report at the end of the intervention period
and at 1-year follow-up [41].

Background Variables

Child Factors

Serval measures and questions are used to gauge children’s
background, including the child’s personal characteristics and
aspects of their environment.

The Early Childhood Behaviour Questionnaire, Short Form
(ECBQ) [42] measures children’s temperament, including
reactive processes that involve emotions, motor and sensory
systems, and self-regulation processes that control reactivity.

The Emotionality, Activity, Sociability Temperament Survey
for Children (EAS) [43] measures 4 dimensions of the child’s
temperament (emotionality, activity, sociability and shyness)
on 5 items.

More general characteristics and childcare history are obtained
through questionnaire data detailed by parents (eg, number of
siblings, preterm, ethnicity, disabilities, when they started
kindergarten, how many kindergartens they have attended).

Family Factors

Parents report on their own background such as their ethnicity,
country of origin, marital status, education, and family
socioeconomic status through information about parental
income.

Childcare Factors

Leaders of the childcare centers report on the organization and
size of the childcare center, as well as staff turnover and sick
leave. Childcare staff report their gender, ethnicity, age,
education, and experience working in childcare. Childcare staff
also report on their level of occupational stress and well-being
at work, their motivation, and receptiveness to changes in the
workplace.

Recruitment and Participation
Recruitment and participation data will be reported for available
data from baseline.

Participant Retention
Contact with childcare staff is maintained by the research group
through meetings and emails. Contact with participating families
(parents) is maintained mainly by childcare staff. Reminders to
fill out questionnaires are sent via email or SMS text messages.

To reduce dropout in the control groups after randomization,
childcare centers in the control group receive a gift certificate
of 3000NOK (US $336.60) to buy material for their childcare
center and are offered the intervention 1 year after the
intervention group.

Data Management
Observational data are collected by CLASS toddler–certified
observers. Questionnaire data are collected and managed by an
independent data collection team at the primary sponsor site
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(Centre for Child and Adolescent Mental Health [RBUP] East
and South). The independent data collection team is responsible
for monitoring the data as they are collected, as well as checking
that the data are consistent and free from errors. Data analysis
and cleaning will be performed by study investigators. Data are
stored on a secure server at the primary sponsor site during the
study and analysis of results. Project staff will have access to
the final trial data set. Following the study, data will be
anonymized and archived according to Norwegian law.

Data Analysis
The study is carried out in toddler groups in childcare centers.
Thus, data analyses will be conducted in a multilevel modeling
framework to account for nonindependence of the participants
at center level.

Sample Size and Power
Sample size and power was calculated using SPSS SamplePower
(IBM). Based on previous studies [6], we choose a conservative
estimate of expected effect of 0.30 (Cohen d). With a power of
0.80 and α=.05, we need 352 individuals if the randomization
was performed individually. We plan to include data from 16
children from each childcare center. In a similar research [44],
the intraclass correlation coefficient (ICC) was reported to be
approximately 0.05. However, because several children will be
evaluated by the same caregiver, we estimate with an ICC as
high as 0.10. The resulting design effect with ICC=0.05 (or
0.10) D=1.75 (or 2.5), and the total required sample size is
Nc=352 × 1.75 = 616 (or 352 × 2.5 = 880) individuals. We plan
to include 1100 individuals, and 1100/16=69 childcare centers,
to account for possibly 20% missing data on individual level,
and uncertainty in the effect size and ICC. The planned selection
will be in accordance with the Consolidated Standards of
Reporting Trials (CONSORT) guidelines for clustered
randomized trials [45].

Planned Statistical Analysis
To determine the effect of the intervention regression analyses,
mixed model analyses or structural equation modeling as
appropriate will be conducted, taking into account the clustered
or multilevel structure of the data and data related to background
factors. Because children are of different ages at study
enrollment, some children will stay in intervention classrooms
for 2 years, while some for just 1. We will adjust for child age
in the analyses to account for these differences in “treatment
exposure.” Missing data will be estimated in the models using
a well-established technique that allows for the inclusion of all
available data and estimation of missing values.

Qualitative Analysis
Qualitative analysis of interviews will focus on meaning of texts
[46]. Elements from the thematic analysis will therefore be used
to analyze the interviews [47]. Analysis will first focus on
identifying relevant codes in the text [46]. The next phase will
involve sorting the codes into potential overarching themes.
The themes will then be reviewed and refined using constant
comparative methods to reduce data into essential concepts and
relationships. Internal homogeneity and external heterogeneity
among themes will be considered in this phase. Three coders

will independently categorize the interviews and their coding
will be combined [48].

Cost
The costs of the intervention will be evaluated by calculating
the hours that childcare staff, leaders, CLASS observers, and
mentors have donated to the project in relation to the number
of toddler groups and children exposed to the intervention. An
estimate of per-child cost will be included in the final report to
funders, along with additional estimates of costs incurred by
the trial research team.

National Collaboration
This project represents a shared effort and close collaboration
between the RBUP (East/South), The Master’s Program for
Preschool Leadership at the Norwegian Business School (BI),
The National Network for Infant Mental Health in Oslo,
Regional Centre for Child and Youth Mental Health and Child
Welfare (RKBU) Central Norway at the Norwegian University
of Science and Technology (NTNU), and The Psychology
Department at NTNU.

International Collaboration
Professor Robert Pianta (University of Virginia), who led the
team that developed CLASS, is a consultant for the research
group. The national research team has extensive collaboration
with Assistant Professor Gail E. Joseph and her associates. She
is the director of the Early Childhood and Family Studies
program at the University of Washington and the Principal
Investigator and Director of the Childcare Quality and Early
Learning Center for Research and Professional Development
[49], which is the institute currently investigating effects of the
broadband implementation of the quality building and quality
control of childcare centers in Washington state. She is also
coprincipal investigator and codirector of the National Center
for Quality Teaching and Learning.

Availability of Data and Materials
The data sets or other material used during this study are
available from the principal investigator (Elisabet Solheim
Buøen) on reasonable request.

Ethics Approval and Consent to Participate
Ethics approval for the study was given by Regional Committees
for Medical and Health Research [40], reference
number 2017/430 [49]. We anticipate low risk of harm for
participating in the intervention since the work on employee
process quality is based on literature and previous research that
have shown to be positive for children’s development. In
addition, education and guidance for employees is not likely to
be harmful for children’s development. Consent was given
written by municipalities, childcare centers, and parents.
Childcare centers volunteered to participate. All parents of
children in the toddler groups of the participating childcare
centers were invited to participate and gave a written consent.
Consent was given by childcare staff throughout the year.
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Results

Trial Status
As of August 2020, in total, 1531 children and 769 staff from
187 toddler groups have been recruited. Due to turnover, staff
recruitment will be ongoing until August 2020. As of January
2020, the intervention group has been working with Thrive by
Three for 1.5 years. Data collection at T1, T2, and T3 from both
the intervention and control groups has been completed and T4
will be completed in August 2020. We expect to find an increase
in childcare quality and better mental health and development
outcomes for children in the intervention group. The reporting
of these results will be made in accordance with the CONSORT
guidelines [45]. The trial began recruitment in February 2017
and finished in August 2018. Data collection will finish in
August 2020.

Changes to the Protocol
Changes to the project are made in the standard operating
procedure. These changes are recorded and maintained by the
principal investigator for RBUP East and South. Changes which
are merely procedural but may impact the experience of the
participants in the study are reported to the Regional Committees
for Medical and Health Research ethics for approval.

Confidentiality
Study participants are provided anonymous ID. A study key
with the participants’ name and ID is stored in a separate,
encrypted file on an internal server at RBUP East and South.

Dissemination of Results
Dissemination will be done though scientific publications in
well-regarded journals for child mental health and development
as well as preventive science journals. Project newsletters and
press releases, as well as 2 PhD theses will also be used to
disseminate our results. Planned scientific publications include
primary outcomes, secondary outcomes, fidelity, and the
intervention and implementation. Publication of the data will

be in accordance with CONSORT guidelines. The project team
has adopted the Vancouver protocol for determination of
authorship of scientific publications.

Discussion

Protocol Overview
This study is an important contribution to the field regarding
the quality of childcare settings in Norway. The results of the
study will provide an indication as to whether or not the model
for quality building, Thrive by Three, is effective to promote
childcare quality within Norwegian childcare toddler groups.
The study will also provide information about the effects of
Thrive by Three on child development, mental health, and
well-being. Finally, the results will provide insight into the
implementation of a system for quality building in childcare
centers and as such be of great value for Norwegian society, on
individual, family, community, and national level.

Limitations
As with any study, there may be potential limitations and
challenges. One of the challenges we anticipate is high dropout
from the control group. To counteract this, we are working to
motivate the control group by offering them the intervention 1
year later as well as a cash incentive. Another limitation we
anticipate is that because the intervention only lasts 1 year, the
long-term effects of the intervention are not completely followed
up. We do, however, aim to follow the children in the
intervention group to see if the positive effects do persist even
after the intervention.

Conclusion
The results of this study will offer a greater understanding of
how high-quality childcare can be achieved and the effects of
such care on children’s mental health. The study will present
significant contributions to the field and present policymakers
and the greater Norwegian society with important evidence on
quality in childcare.
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Abstract

Background: The rising prevalence of nonalcoholic fatty liver disease (NAFLD) and the more aggressive subtype, nonalcoholic
steatohepatitis (NASH), is a global public health concern. Left untreated, NAFLD/NASH can lead to cirrhosis, liver failure, and
death. The current standard for diagnosing and staging liver disease is a liver biopsy, which is costly, invasive, and carries risk
for the patient. Therefore, there is a growing need for a reliable, feasible, and cost-effective, noninvasive diagnostic tool for these
conditions. LiverMultiScan is one such promising tool that uses multi-parametric magnetic resonance imaging (mpMRI) to
characterize liver tissue and to aid in the diagnosis and monitoring of liver diseases of various etiologies.

Objective: The primary objective of this trial (RADIcAL1) is to evaluate the cost-effectiveness of the introduction of
LiverMultiScan as a standardized diagnostic test for liver disease in comparison to standard care for NAFLD, in different EU
territories.

Methods: RADIcAL1 is a multi-center randomized control trial with 2 arms conducted in 4 European territories (13 sites, from
across Germany, Netherlands, Portugal, and the United Kingdom). In total, 1072 adult patients with suspected fatty liver disease
will be randomized to be treated according to the result of the mpMRI in the intervention arm, so that further diagnostic evaluation
is recommended only when values for metrics of liver fat or fibro-inflammation are elevated. Patients in the control arm will be
treated as per center guidelines for standard of care. The primary outcome for this trial is to compare the difference in the proportion
of patients with suspected NAFLD incurring liver-related hospital consultations or liver biopsies between the study arms, from
the date of randomization to the end of the study follow-up. Secondary outcomes include patient feedback from a patient satisfaction
questionnaire, at baseline and all follow-up visits to the end of the study, and time, from randomization to diagnosis by the
physician, as recorded at the final follow-up visit.

Results: This trial is currently open for recruitment. The anticipated completion date for the study is December 2020.

Conclusions: This randomized controlled trial will provide the evidence to accelerate decision making regarding the inclusion
of mpMRI-based tools in existing NAFLD/NASH clinical care. RADIcAL1 is among the first and largest European health
economic studies of imaging technologies for fatty liver disease. Strengths of the trial include a high-quality research design and
an in-depth assessment of the implementation of the cost-effectiveness of the mpMRI diagnostic. If effective, the trial may

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e19189 | p.225http://www.researchprotocols.org/2020/10/e19189/
(page number not for citation purposes)

Tonev et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:Elizabeth.Shumbayawonda@perspectum.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


highlight the health economic burden on tertiary-referral hepatology clinics imposed by unnecessary consultations and invasive
diagnostic investigations, and demonstrate that including LiverMultiScan as a NAFLD diagnostic test may be cost-effective
compared to liver-related hospital consultations or liver biopsies.

Trial Registration: ClinicalTrials.gov NCT03289897 https://clinicaltrials.gov/ct2/show/NCT03289897

International Registered Report Identifier (IRRID): DERR1-10.2196/19189

(JMIR Res Protoc 2020;9(10):e19189)   doi:10.2196/19189

KEYWORDS

NAFLD; NASH; multiparametric MRI; health economics; biomarker

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common
cause of abnormal liver blood tests with an estimated prevalence
of between 20%-30% in Europe, and higher in the United States
[1,2]. The condition is associated with obesity, insulin resistance,
and heart disease, resulting in patients with fatty liver disease
being twice as likely to get early coronary artery disease
compared to the healthy population [3,4]. If left untreated,
NAFLD can progress to nonalcoholic steatohepatitis (NASH),
characterized by tissue scarring steatosis, lobular inflammation,
fibrosis, and ballooning, before the ultimate development of
cirrhosis and liver failure. Due to the steady increase of NALFD
over the years, NASH has now become the leading cause of
liver failure in the developed world, with reported predictions
that it will become the leading cause of liver transplant over the
coming decades [5]. NASH is a major public health concern
and, with a global prevalence of 1.5%-6.5% [6,7] (and 12% in
Western populations [8]), poses a significant economic burden
on health care institutions.

Similar to most liver diseases, the diagnostic gold standard for
NAFLD/NASH is percutaneous liver biopsy [5,9,10]. However,
biopsies are painful and carry risk, as 1 out of 1000 people
experience serious adverse events, including bleeding, infection,
and bowel perforation [11-13]. Biopsies only sample a small

part of the liver (approximately 1/50000th of the liver volume)
[14] and suffer from sampling location variability, thus affecting
the reported stage of fibrosis in up to 50% of cases [15,16], as
well as inter-reader variability, which can result in
biopsy-finding disagreements amongst pathologists [17-19].
Thus, biopsies alone are not enough to obtain a diagnosis or to
monitor liver disease [20,21]. In addition, with the advance of
various pathophysiological changes exhibited through liver
disease etiologies, some patients experience impaired clotting
of their blood due to liver dysfunction [22] and are consequently
at a higher risk of experiencing a combination of the risk factors
associated with biopsy [8]. The resulting longer hospital stays
and increased socioeconomic burden after the procedure make
biopsy an unpopular option amongst patients, clinicians, and
payers [9]. Although recommended by clinical guidelines as
the gold standard for diagnosis and monitoring [10], in practice,
liver biopsies are not routinely used unless the patient presents
with moderate to severe liver disease or when there is a need
to exclude other liver diseases such as autoimmune hepatitis
[23]. In light of these factors, health institutions deviate from
diagnostic pathways to stratify the risk of advanced liver disease
and to postpone, or even replace, biopsy within this population,

which has resulted in a nonstandardized care pathway.
Therefore, in the absence of biopsy and a universal ground truth
in routine care, there is a clear need for noninvasive, objective,
discriminatory tests that can stratify normal liver, simple
steatosis, steatohepatitis, and cirrhosis. These tests can then be
used as a common reference point for clinical care.

Over the years, various noninvasive techniques such as
ultrasound, transient elastography (FibroScan; Echosens),
diffuse-weighted imaging, magnetic resonance elastography,
T1 mapping, and multi-parametric magnetic resonance imaging
(mpMRI) have been developed for use as surrogate markers to
both diagnose and monitor NAFLD/NASH disease alongside
blood tests [24,25]. mpMRI (LiverMultiScan; Perspectum Ltd)
is an emerging quantitative mpMRI test, the first to combine
corrected T1, proton density fat fraction (PDFF), and T2-star,
and which can identify the early stages of liver disease [26,27]
and predict clinical outcomes accurately [8]. mpMRI also has
the potential to become a standardized, consistent step along
the NASH clinical diagnostic pathway in multiple health care
systems across Europe, as it is cost-saving, noninvasive, fast,
repeatable, reliable, and standardized across multiple magnetic
resonance vendors [8,9,27-30].

The cost benefits of introducing a noninvasive diagnostic test
that detects earlier stage disease may be especially beneficial
in the clinical care of people suspected of having fatty liver
disease or diabetes [27,31]. The absence of a clear consensus
over patient clinical management for suspected fatty liver
disease [9,29] necessitates an assessment of mpMRI within
existing health care systems to identify potential real-world
cost-effectiveness of new imaging technologies and streamline
health care for patients. Thus, to investigate the utility and
cost-benefit of adding mpMRI into the care pathway of those
with suspected NAFLD in Europe (European Union territories
and United Kingdom [UK]), this randomized, multi-center,
phase 4 control trial to investigate the use of mpMRI as a
standardized diagnostic test for NAFLD/NASH was designed.
With up to 13 sites across Europe included in this trial, the
primary outcome is to compare between the study arms the
difference in proportion of patients with suspected NAFLD
incurring liver-related hospital consultations or liver biopsies,
from the date of randomization to the end of the study follow-up.
This will highlight the health economic burden on
tertiary-referral hepatology clinics imposed by unnecessary
additional consultations.
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Methods

The Study
RADIcAL1 is a multi-center, phase 4, randomized controlled
trial (NCT03289897) which aims to recruit 1072 patients from
13 sites in 4 different European territories, namely Ulm
(Germany), Leiden (Netherlands), Coimbra (Portugal), and the
UK (Liverpool, Southampton, Dundee, Glasgow, London,
Manchester). The 5-year study consists of a 1-year study setup,
a 3-year recruitment phase, and an up-to-12-months follow-up.
The protocol, informed consent form, participant information
sheet, and any proposed advertising material was submitted to
each host institution’s appropriate research ethics committee
for written approval; a favorable (and granted) response was

received in Ulm (198/17), Leiden (P17.076), Coimbra
(CE-030/2017), and UK (18/SC/0725).

Patient Randomization and Study Participants
Patients will be randomized using a 1:1 allocation, without
blinding, into an intervention arm (with mpMRI intervention)
and a control arm (Figure 1). Randomization is automatically
calculated using a random number generator on patients that
have been already stratified based on a combination of the
inclusion criteria (Textbox 1) and the recruitment site. Patients
in the control arm will be treated as per center standard of care,
with patients following local practice for NAFLD to potentially
include physician consultations and anthropometric blood,
imaging, and histological assessments [32-34].

Figure 1. Summary of study visits for participants in the RADIcAL1 clinical trial. m: months; PDFF: proton density fat fraction.
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Textbox 1. Inclusion and exclusion criteria used during recruitment in the RADIcAL1 trial. NAFLD: nonalcoholic fatty liver disease.

Inclusion Criteria

• Male and female patients, aged 18-75 years, due to undergo an evaluation for suspected NAFLD

• Within standard of care, presence of either (1) elevated liver function tests (ALT, AST, or GGT ≥1.5 x upper limit of normal, and ALT, AST ≤5
x upper limit of normal) up to 1 year prior to patient recruitment, OR (2) imaging suggestive of fatty liver disease up to 3 years prior to patient
recruitment

• OR presence of ≥ 3 of the following criteria: (1) insulin resistance or type 2 diabetes mellitus, (2) obesity (BMI >30 or waist-to-hip ratio > 1.00
for men / >0.85 for women), (3) hypertension (≥130/85 mmHg), (4) elevated triglycerides (≥1.7 mmol/l), (5) low HDL-cholesterol (<1.05 mmol/l
for men / <1.25 mmol/l for women)

• Participant is willing and able to give informed consent for participation in the study

Exclusion Criteria

• Participants may not enter the study if they have any contraindication to magnetic resonance imaging (including pregnancy, extensive tattoos,
pacemaker, shrapnel injury, severe claustrophobia)

• Patients with proven liver disease other than NAFLD

• Liver transplantation

• Patients that present with clinical signs of chronic liver failure (variceal bleeding, ascites, overt encephalopathy)

• Alcohol overuse/abuse as determined by local guidelines

• Patient with known malignant liver tumors and those with any malignancy with life expectancy <36 months

• Heart failure (New York Heart Association: stages II-IV)

• Severe mental illness

• Any other cause, including a significant disease or disorder which, in the opinion of the investigator, may either put the participant at risk because
of participation in the study or may influence the result of the study, or the participant’s ability to participate in the study

Those in the intervention arm will be treated according to the
result of the mpMRI scan; if the liver fat is ≥10% or
fibro-inflammation is identified (corrected T1 (cT1)≥800 ms),
then further diagnostic evaluation will be recommended (such
as further monitoring of liver enzymes, repeat mpMRI
assessment at 6-12 months, assessment of liver stiffness, or
assessment of response to lifestyle management activities)
[10,35]. Otherwise, management in primary care for 12 months
will be recommended. In both arms, clinical choices will be
patient and site-specific in adherence with NAFLD guideline
recommendations [32-34].

Potential participants will be recruited from (1) general
practitioners or specialists from tertiary care hospital
consultations (eg, obesity consultation); (2) secondary care
clinics, and (3) databases from previous ethically approved
studies where patients have consented to have their contact
details retained in order to be contacted if eligible to take part
in other studies.

During recruitment, the inclusion and exclusion criteria
highlighted in Textbox 1 will be used to identify potential
participants.

Once a potential participant expresses interest in the study, they
will be provided with a patient information leaflet for a
minimum of 24 hours and an opportunity to discuss their
eligibility and the details of the study. In accordance with good
clinical practice, the participant is free to withdraw from the
study at any time for any reason without prejudice to current or
future care. For those participants who wish to withdraw from
the study, the option to permit ongoing use of data and samples

which have already been collected, as well as future recording
and usage of routinely collected clinical data and results, will
be given. This will be clearly documented in the patient consent
form. In addition to this, patients who are unable to undergo
the magnetic resonance imaging (MRI) scan (eg, due to
claustrophobia) may also be withdrawn from the study.

Study Visits
Patients will be required to attend their respective clinical centers
for up to 3 dedicated study visits, as summarized in Figure 1.
At Visit 1, informed consent, medical history, anthropometric
readings, and blood will be taken. Visit 2 is for the intervention
arm only; patients will be required to fast for 4 hours before the
LiverMultiScan MRI scan (standardized imaging protocol in a
1.5 or 3T MRI scanner following the Perspectum protocol),
which will involve lying supine in the MRI scanner for 10-15
minutes. At this visit, optional blood samples for further tests
may be taken. Visit 3 is for the intervention arm only, during
which clinicians will discuss the results of the MRI scan with
the patients and change patient management if appropriate.

Once they have had their scan, patients will be followed up for
a period of 6-12 months. In this trial, patients will also be
requested to complete questionnaires at recruitment 2, 6, and
12 months after entering the study. In this trial, patients will
also be requested to complete a resource use and quality of life
(EQ-5D-5L [36]) questionnaire at recruitment and 2, 6, and 12
months after entering the study. Those in the intervention arm
will also be asked to complete an MRI satisfaction questionnaire
after having their mpMRI.
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The resource use questionnaires completed at randomization
will cover information such as appointments that the participant
has had with a health care professional (inpatient and outpatient),
medication usage, diet and physical exercise, paid and unpaid
help the participant may require, and their insurance coverage.
Furthermore, at the 2-, 6-, and 12-month follow-up visits,
participants will be asked to answer additional questions
regarding changes in medication and medical examinations they
received as an outpatient. These examinations include blood
tests, ultrasounds, other imaging (eg, endoscopy, CT scan, and
MRI), and biopsies.

The EQ-5D-5L questionnaire [36] asks participants to describe
their health on the day of questionnaire completion in order to
assess the impact on quality of life. Each participant must rate
their mobility, self-care, usual activities, pain or discomfort,
and anxiety or depression. The participant has 5 options to pick
from for each parameter or question: no problem, slight problem,
moderate problem, severe problem, or unable to carry out the
task. Finally, participants are asked to indicate how they think
their health is on that day, on a scale of 0 to 100.

Intervention
MRI-derived biomarkers provide many opportunities for
diagnostic enrichment. MRI exploits the magnetic properties
of hydrogen nuclei protons within a determined magnetic field.
T1 mapping measures longitudinal relaxation time and, thus, is
a surrogate measure of the amount of water present or the
structural distribution of water molecules (ie, T1 can be used
to indicate whether tissue water is freely moving, is structured
within cells, or is bound to macromolecules). Therefore, as T1
relaxation time lengthens with increases in extracellular fluid,

it has shown promise as an effective biomarker of inflammation
and fibrosis in several organs [37,38]. The presence of iron in
the liver, however, which can be accurately measured from
MRI-T2-star relaxation time, shortens the T1 and thus must be
accounted for [39]. An algorithm has been created by
Perspectum Ltd that allows for the bias introduced by elevated
iron to be removed from the T1 measurements, yielding the
iron-corrected T1 (cT1) [14,39]. MRI-PDFF is a ratio expressed
as a percentage of the fraction of the MRI-visible protons
attributable to fat divided by all MRI-visible protons in that
region of the liver attributable to fat and water. Taking advantage
of the chemical shift between fat and water, pulse sequences
(including fast spin-echo and gradient-recalled echo sequences)
can be used to acquire images at multiple echo times at which
fat and water signals have different phases relative to each other.
cT1 maps have been shown to be correlated with
fibro-inflammation and predictive of clinical events [8,14].
PDFF has been shown to have an excellent correlation with
histologically graded steatosis across the clinical range seen in
NASH and high diagnostic accuracy in stratification of all grades
of liver steatosis. Hence, together, PDFF and cT1 hold promise
to accurately assess all relevant aspects of liver disease: fat,
inflammation, and fibrosis [25,40]. The sample reports shown
in Figure 2 demonstrate the information that can be derived
from the use of mpMRI to aid as a diagnostic tool for clinicians,
highlighting the differences between a healthy patient with low
cT1 and a patient with suspected NAFLD and high cT1. The
high repeatability and reproducibility of mpMRI (both
coefficients of variation equalling 3.3% for cT1 [25,28,41]) and
predefined diagnostic thresholds for an mpMRI recommendation
make clinical misinterpretation of the mpMRI unlikely.

Figure 2. Sample reports that demonstrate the information that can be derived from the use of mpMRI to aid as a diagnostic tool for clinicians,
highlighting the differences between a healthy patient with low cT1 and a patient with suspected nonalcoholic fatty liver disease (NAFLD) and high
cT1. PDFF: proton density fat fraction.

Objectives and Outcomes
All primary and secondary objectives and outcome measures
are outlined in Table 1. The primary objective of the study is
to compare the cost-effectiveness of the standard of care
received by patients with suspected NAFLD in the stated EU

territories compared to the care such patients will receive when
LiverMultiScan is introduced as a standardized diagnostic test.
The primary endpoint of the study utilizes health care resource
use data to compare the difference in proportion of patients
incurring liver-related hospital consultations or liver biopsies,
from the date of randomization to the end of the study follow-up,
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with cost-effectiveness dependent on local jurisdiction. One
secondary objective will be based on data from patient
satisfaction questionnaires to explore the implementation of the
intervention. Another secondary objective investigating the
certainty and frequency of diagnosis is based on clinician
response to a specific question (“Using all the information
obtained to date, how certain are you to make a diagnosis of
NAFLD today?”) posed at each diagnostic visit in the patient’s
journey. The 4 possible predefined responses are further
subgrouped into binary categories, one subgroup for certainty
and another for frequency of diagnosis. Other secondary
objectives include a comparison of the time to diagnosis, which

utilizes data based on any liver-related diagnosis [from 7
options: primary nonalcoholic fatty liver (NAFL), secondary
NAFL, primary NASH, secondary NASH, mixed-etiology
NAFL, mixed-etiology NASH, other etiology]. Additionally,
the use of resources, the actual costs over a 12-month period,
and the level of skill or clinical specialization required within
each study arm will be investigated as secondary objectives,
based on the resource use questionnaires and study case report
forms. Exploratory objectives include a model looking at
long-term cost-effectiveness based on quality of life over a
lifetime horizon, using the EQ-5D-5L data and an analysis of
the diagnostic accuracy of mpMRI and other study biomarkers.

Table 1. RADIcAL1 primary and secondary objectives.

SecondaryPrimaryCriteria

To investigate patient satisfaction with mpMRI instead of existing care (with
other liver investigations)

To investigate whether the introduction of mpMRI as a
standardized diagnostic test for liver disease can prove
a cost-effective method in different European territories

Objectives

To investigate the certainty and frequency of diagnosis at points of time in
the patient pathway

To investigate which pathway is quicker to get to the diagnosis as recorded
at the final follow-up visit (including all corrections and additional investiga-
tions)

To measure which health care resources and costs are required in the 2 diag-
nostic pathways

To investigate the cost-effectiveness of mpMRI against standard of care

To investigate skills/specialization required

Patient feedback from patient satisfaction questionnaire, at baseline and all
follow-up visits to the end of the study

The proportion of patients with suspected NAFLD in-
curring liver-related hospital consultations and/or liver
biopsies, from the date of randomization to the end of
the study follow-up

Outcome
measures/
endpoints

Certainty of diagnosis is defined as a binary (yes/no, as opposed to unlike-
ly/probable) and frequency (yes/probable, as opposed to no/unlikely), at
baseline and all follow-up visits to the end of the study

Time, from randomization to diagnosis by the physician, as recorded at the
final follow-up visit

Rates of liver-related outpatient investigations/ consultations/hospital admis-
sions per 400 patients during the study

Cost of mpMRI based on randomized comparison

Personnel required to perform procedures and tasks, from the date of random-
ization to the end of the study follow-up

Sample Size Calculation
In a study by Blake et al [9], it was identified that the use of
LiverMultiScan can result in a decrease in biopsy of 18%.
Adopting a conservative target of identifying a 14% decrease
across different regions, to maintain statistical significance [with
more than 80% power (α=.05) to show a difference in proportion
of patients having consultations between the 2 pathways), each
randomization arm is required to have 402 patients. Moreover,
due to the size of the trial, the final recruitment target was
powered to include a 25% dropout rate (including those lost to
follow-up during the completion of the study). Thus, a total
cohort of 1072 patients with suspected fatty liver disease will
need to be recruited into the trial.

Statistical Methods and Data Management Plan
Statistical support for all primary and secondary analyses will
be provided by Perspectum Ltd. Detailed health economic and
statistical analysis plans [42] (Multimedia Appendix 1) describe
the required analyses to investigate the study objectives. These
include details of standard statistical analyses [t test, analysis
of variance, area under the receiver operating curve (AUROC)]
and data analysis packages [such as R (R Core Team),
MATLAB (MathWorks), and Python (Python Software
Foundation)], which will be used to report summary statistics
for patients in both arms of the study. Moreover, summary
statistics will be reported (number of observations, mean,
standard deviation, or percentages, as relevant) for the
demographic variables, clinical variables, and outcomes for the
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total group, and comparisons with any noninvasive tests offered
in their care.

The health economic analysis will evaluate changes in resource
use and costs for data collected from randomization to the end
of the study. Within this evaluation, the determination of the
cost-effectiveness of mpMRI from the perspective of each health
care system following the intention-to-treat principle will be
derived. Health care resource use (including diagnostic
procedures, health care consultations, and hospital admissions)
will be obtained from medical records as well as via patient
self-reported data during follow-up visits. A detailed health
economic analysis plan, detailing the methods used and models
developed using study data, will also be agreed upon and
developed prior to the end of the study (Carolan et al.,
unpublished data).

Additional exploratory analysis will evaluate the diagnostic
performance of cT1 and PDFF using AUROC, and will assess
the concurrence of mpMRI metrics with other surrogate
biomarkers associated with NAFLD/NASH used more regularly
in clinical practice, such as glucose and hemoglobin A1C
(HbA1c, a measure of glycated hemoglobin which contributes
to diabetes diagnosis), enhanced liver fibrosis tests (used to test
for advanced liver fibrosis in patients with NALFD), and
cholesterol, utilizing correlation analyses (Pearson correlation
for normally distributed data, and Spearman rho for
non-normally distributed data). The concordance of mpMRI
metrics and biopsy data will be assessed using Cohen kappa (κ)
statistic, Bland-Altman analysis (bias, limits of agreement, and
the corresponding 95% confidence interval), Pearson correlation,
and mean coefficient of variation, which will be estimated.

In this trial, all data collected will be documented in electronic
case report forms. In addition to this, all patient-related data
will be handled and stored according to the European and
national data protection laws [42]. All outcome data will be
analyzed using an intention-to-treat principle, where data from
participants shall be analyzed according to the group in which
they were randomized, even if they did not receive the allocated
intervention.

Results

RADIcAL1 has been funded from May 2016, and ethics
approval was granted in April 2017 (Portugal), July 2017
(Germany, Netherlands), and June 2018 (UK). Data collection
began in September 2017 and is estimated to be complete by
the end of December 2020. As of April 2020, a total of 726
patients with suspected NAFLD or metabolic syndrome or both
have been enrolled. Results will be analyzed by the end of the
study, and publication of the results is expected by March 2021.

Discussion

Nonalcoholic fatty liver disease (NAFLD) and its more
progressive form, nonalcoholic steatohepatitis (NASH), are

emerging as the most important cause of liver disease
worldwide, thought to potentially become the number 1 cause
of end-stage liver disease [5]. Their increasing prevalence also
share demographic and epidemiological parallels with the
worldwide epidemic of obesity and type 2 diabetes mellitus
[8,43,44], and the presence of these comorbidities are thought
to further increase the risk of cardiovascular disease [44,45].
Due to the increased numbers of patients now requiring both
diagnosis and regular monitoring for NAFLD/NASH, great
economic and time-related burdens are now being placed upon
already strained health care systems [5,44]. Current clinical
guidelines and care pathways require patients to undergo liver
biopsy for the diagnosis and monitoring of NAFLD/NASH,
which is risky, painful, and costly, leading to a reluctance from
both patients and clinicians to engage in such procedures with
regularity [9], thus highlighting an increasingly urgent
requirement for a cost-effective, repeatable, reproducible, and
noninvasive tool to aid the diagnostic pathway [41].

To the best of our knowledge, this will be the first large-scale,
multi-center study to evaluate the cost-effectiveness of mpMRI
within the diagnostic pathway for patients with NAFLD/NASH
across multiple European territories. The primary objective of
the RADIcAL1 trial is to evaluate the cost-effectiveness of
mpMRI within tertiary care units within Europe, assessing the
impact of its utility upon the number of unnecessary
consultations and biopsies that patients must attend, and the
economic burden faced by health care systems. From these
findings, RADIcAL1 has the potential to produce concordance
and optimization of the diagnosis and monitoring pathways for
patients whom, with better knowledge of their NAFLD/NASH
status, may be able to undertake informed lifestyle changes and
prevent further progression of comorbidities, potentially
producing further health-economic savings [5,9]. Qualitative
data in RADIcAL1, such as the patient satisfaction survey, will
provide patient experience insights directly from a population
the mpMRI technology is designed to benefit. Furthermore, due
to data collection throughout the clinical care pathway,
RADIcAL1 also has the potential to assess both the diagnostic
accuracy and speed in which care is received in both study arms,
adding further evidence to the requirement for a singular,
agreed-upon, ideal diagnostic pathway.

mpMRI is well placed to provide accurate monitoring of
individual patient responses to drugs in trials and within the
care pathway, allowing researchers and clinicians to make
informed decisions regarding patient care, with the potential to
optimize the allocation of expensive treatments. We expect the
introduction of mpMRI into the standard care pathway for
patients with NAFLD/NASH to provide health and
socioeconomic benefits to patients in addition to cost-savings
for health care providers, and this will be evaluated in
RADIcAL1.
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Abstract

Background: Military members are at elevated risk of operational stress injuries, including posttraumatic stress disorder (PTSD)
and moral injury. Although psychotherapy can reduce symptoms, some military members may experience treatment-resistant
PTSD. Multimodular motion-assisted memory desensitization and reconsolidation (3MDR) has been introduced as a virtual reality
(VR) intervention for military members with PTSD related to military service. The 3MDR intervention incorporates exposure
therapy, psychotherapy, eye movement desensitization and reconsolidation, VR, supportive counselling, and treadmill walking.

Objective: The objective of this study is to investigate whether 3MDR reduces PTSD symptoms among military members with
combat-related treatment-resistant PTSD (TR-PTSD); examine the technology acceptance and usability of the Computer Assisted
Rehabilitation ENvironment (CAREN) and 3MDR interventions by Canadian Armed Forces service members (CAF-SMs),
veterans, 3MDR clinicians, and operators; and evaluate the impact on clinicians and operators of delivering 3MDR.

Methods: This is a mixed-methods waitlist controlled crossover design randomized controlled trial. Participants include both
CAF-SMs and veterans (N=40) aged 18-60 years with combat-related TR-PTSD (unsuccessful experience of at least 2
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evidence-based trauma treatments). Participants will also include clinicians and operators (N=12) who have been trained in 3MDR
and subsequently utilized this intervention with patients. CAF-SMs and veterans will receive 6 weekly 90-minute 3MDR sessions.
Quantitative and qualitative data will be collected at baseline and at 1, 3, and 6 months postintervention. Quantitative data collection
will include multiomic biomarkers (ie, blood and salivary proteomic and genomic profiles of neuroendocrine, immune-inflammatory
mediators, and microRNA), eye tracking, electroencephalography, and physiological data. Data from outcome measures will
capture self-reported symptoms of PTSD, moral injury, resilience, and technology acceptance and usability. Qualitative data will
be collected from audiovisual recordings of 3MDR sessions and semistructured interviews. Data analysis will include univariate
and multivariate approaches, and thematic analysis of treatment sessions and interviews. Machine learning analysis will be
included to develop models for the prediction of diagnosis, symptom severity, and treatment outcomes.

Results: This study commenced in April 2019 and is planned to conclude in April 2021. Study results will guide the further
evolution and utilization of 3MDR for military members with TR-PTSD and will have utility in treating other trauma-affected
populations.

Conclusions: The goal of this study is to utilize qualitative and quantitative primary and secondary outcomes to provide evidence
for the effectiveness and feasibility of 3MDR for treating CAF-SMs and veterans with combat-related TR-PTSD. The results
will inform a full-scale clinical trial and stimulate development and adaptation of the protocol to mobile VR apps in supervised
clinical settings. This study will add to knowledge of the clinical effectiveness of 3MDR, and provide the first comprehensive
analysis of biomarkers, technology acceptance and usability, moral injury, resilience, and the experience of clinicians and operators
delivering 3MDR.

Trial Registration: ISRCTN Registry 11264368; http://www.isrctn.com/ISRCTN11264368.

International Registered Report Identifier (IRRID): DERR1-10.2196/20620

(JMIR Res Protoc 2020;9(10):e20620)   doi:10.2196/20620

KEYWORDS

3MDR; posttraumatic stress disorder; military; veteran; psychotherapy; virtual reality

Introduction

Background
Posttraumatic stress disorder (PTSD), a mental health condition
triggered by experiencing or witnessing a terrifying event, can
be life-altering. Characterized by enduring symptoms related
to negative cognitive intrusions, avoidance, hypervigilance, and
alterations in mood, arousal, and reactivity [1], PTSD is the
most common mental illness experienced by military members
and veterans [2-4], and remains the predominant focus of most
military and veteran health research and care [5-8]. PTSD
prevalence is persistent and may increase over time [9],
characterized by complexity and a wide variance internationally
within military and veteran populations [10]. Among US military
members deployed during the War on Terror, PTSD prevalence
estimates reach up to 19% [10] compared to 5.3% for Canadians
[11], 2.7% to 4% in UK military members [12], and 3% for
military members from the Netherlands [13]. A recent
meta-analysis reported that overall rates remained high (at
approximately 23%) for US veterans following 9-11 [14] and
the incidence of PTSD increased to 16% for Canadian veterans
[15].

Isolated or cumulative traumatic experiences can also cause
long-term psychological and spiritual struggles, including
depression, anxiety, moral injury [5,16], and suicide [17]. Moral
injury—a separate trauma syndrome that results from exposure
to ethically or virtuously injurious experiences such as
witnessing or participating in acts that transgress personal morals
and values [18]—has been posited as a potential key
comorbidity, and a compounding and complicating factor of
PTSD [19,20].

The classification of treatment-resistant PTSD (TR-PTSD) has
been adopted for the many veterans who do not experience a
clinically significant reduction in symptoms following receipt
of evidence-based treatment. International PTSD guidelines
consistently demonstrate trauma-focused cognitive behavioral
therapy, cognitive processing therapy, prolonged exposure, and
eye-movement desensitization and reprocessing (EMDR) to be
the gold-standard and first-line treatments for PTSD. However,
it is equally acknowledged that military members and veterans
consistently have poorer clinical outcomes than their civilian
counterparts in these treatments [21-23]. Although general
recommendations for optimizing psychotherapies (ie, using
untried or complementary modalities) and utilizing secondary
pharmacological interventions (ie, mood stabilizers,
antiadrenergic agents/hypnotics, or atypical antipsychotic
agents) have been suggested [24], specific evidence-based
TR-PTSD therapies or protocols are lacking.

Multimodular Motion-Assisted Memory
Desensitization and Reconsolidation
Multimodular motion-assisted memory desensitization and
reconsolidation (3MDR) is an emerging virtual reality
(VR)-assisted therapy being studied with military members and
veterans in the Netherlands, United States, United Kingdom,
and Canada. It is hypothesized that the combination of trauma
modalities in 3MDR may contribute to its potential
effectiveness. The key elements of 3MDR therapy include: (1)
engaging in exposure to traumatic material whereby avoidance
patterns are minimized or broken; (2) experiencing emotions
in the here and now that are evoked while the traumatic
memories are being retrieved, and giving expression to these;
and (3) reintegrating (reconsolidating) memories and sensory
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along with affective information associated with the trauma via
a dual task (Figure 1) [25,26]. It is also thought that the
combination of elements involved in 3MDR work collectively
to facilitate the memory reconsolidation necessary to reduce
the intensity of traumatic memories and subsequent PTSD

symptoms. These include (1) exposure to VR visual imagery
and auditory input, (2) walking, (3) a dual-attention task, and
(4) therapeutic context and relationship [25,26]. A brief
description of each element follows.

Figure 1. Schematic overview of the augmentation strategies applied in the framework of the multimodular motion-assisted memory desensitization
and reconsolidation (3MDR) intervention and its outcomes. Used with permission [25]. PTSD: posttraumatic stress disorder.

Exposure to Visual and Auditory Input
Emotional dysregulation and numbing are increasingly being
considered as crucial components to address in PTSD treatment,
especially for veterans who appear to more actively withhold
emotional responses and use numbing as a coping mechanism
[27]. Viewing affective pictures is thought to increase emotional
engagement, and has been found to elicit physiological response
patterns, which are higher for unpleasant pictures [28,29].
However, in addition to looking at affective pictures [30],
auditory input such as music is noted to be a strong emotional
trigger [31]. As self-selected music can elicit the retrieval of
significantly more autobiographical memories in people with
dementia [32,33], it is considered that optimal memory
recollection may likewise be elicited by music for those with
PTSD. Patients diagnosed with PTSD have indicated that music
evokes (traumatic) memories, and enables them to access and
discuss these memories [25,34,35]. Visual and auditory
components are therefore central to 3MDR because of their
believed ability to evoke potentially repressed or numbed
emotions.

Walking
Among those with PTSD, walking toward an image of a
traumatic memory has been found to increase engagement,
decrease avoidance [36], potentially support the formation of
new cognitive and emotional experiences related to the traumatic
event, and contribute to reconsolidation of the traumatic memory
[25]. Walking seems to facilitate consolidation of fear-related

and traumatic memories. This occurs through bilateral
movement [25], associated increases in brain-derived
neurotrophic factor levels [37], approach behaviors toward
feared cues and challenging working memory [33], increasing
expression of associative memory [38], enhancing divergent
thinking (which facilitates accessing emotional and cognitive
networks associated with the traumatic memory) [37,39],
allowing for new memories to surface [39], and reducing
somatic and dissociative symptoms [40]. Walking throughout
3MDR’s platform phase is thought to be foundational to the
therapy.

Dual-Attention Task
The dual-attention task component of 3MDR aims to facilitate
processing and reconsolidation of traumatic memories and
utilizes aspects of EMDR [31,41,42]. In traditional EMDR
interventions, participants are asked to retrieve aversive
memories and rate their vividness and emotional intensity
[41-45]. They are then asked to recall the memories while
making eye movements or performing a bilaterally stimulating
task [41-45]. Within the 3MDR intervention, this task requires
the participant to visually track a horizontally moving ball across
the screen in the foreground of a traumatic image while calling
out numbers displayed on this ball. Reconsolidation theory
posits that a memory, while it is being recalled, becomes pliable
for some time in which new information may be added [25,43].
Working memory is considered to be taxed when the brain is
required to simultaneously perform two tasks. The first task (ie,
viewing a traumatic picture) receives less attention and
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attenuates the vividness and emotional tone of the memory
[44-46]. While participants are recalling traumatic memories
in the course of 3MDR, more context or new information can
be consolidated so that memories are not experienced as a
current threat or as emotionally charged [25].

Therapeutic Context and Relationship
The therapeutic setting of 3MDR is an active side-by-side rather
than passive position, which impacts both the physical context
and therapeutic alliance. The patient is supported throughout
the process by a therapist who is standing alongside, and, more
importantly, is also viewing the same traumatic material while
the patient is recalling their traumatic event. This emotional
participation in treatment is increased by the psychotherapeutic
approach where the therapist asks the patient to describe the
image, and their memory, somatic responses, cognitions, and
emotions. Lower emotional valence and processing of the
traumatic memories is expected, with new learning and the full
traumatic network activated along with intervening in the
reconsolidation process [25].

Findings from a 3MDR proof-of-concept study [40] and two
initial randomized controlled trials (RCTs) [26,47] involving
military members and veterans with combat-related TR-PTSD
have been promising. In the published RCTs, decreases in PTSD
symptom severity from baseline to the trial end point were
significantly greater for the 3MDR group as compared to those
of the control group with medium to large effect sizes [26,47].
Notably, these effects were maintained for weeks after the
conclusion of the 3MDR intervention and a low dropout rate
was noted in both studies. Although the results of the primary
outcome, a reduction in PTSD symptoms, were favorable,
variable results in the secondary outcomes were obtained, and
many questions about 3MDR remain, warranting further
examination.

Overall Aims
This protocol describes a novel study to assist with the
knowledge translation of the underpinnings of 3MDR as a
therapeutic intervention. The primary study aim is to investigate
whether the 3MDR intervention reduces symptoms of
combat-related TR-PTSD and moral injury compared with
treatment as usual among Canadian Armed Forces service
members (CAF-SMs) and veterans. The study will be the first
of its kind to examine the technology acceptance and usability
of the Computer-Assisted Rehabilitation ENvironment
(CAREN) VR system for 3MDR by participants, 3MDR
clinicians and operators, as well as the impact of delivering
3MDR on clinicians and operators. Further, the longitudinal
nature of the study will facilitate analysis of the longevity of
possible 3MDR treatment effects for up to 6 months
postintervention. This study will also address the possible effect
of 3MDR on the constructs of moral injury and resilience.
Further, as examination of relationships of psychological and
biological factors to effective PTSD treatment has become
critically important in attempts to understand the pathogenesis
of TR-PTSD and to identify novel therapeutic targets [48-50],
biomarker measurements and machine learning will be
employed. Classifying neuropsychiatric disorders on the basis
of objective and practical biomarkers aims to inform the

diagnosis and selection of therapeutic approaches [51-54].
Machine-learning analysis will attempt to develop predictive
models that can be used for individual diagnosis and prediction
of the course of illness and effectiveness of treatment. Biomarker
and machine learning utilization is a unique and novel addition
to the study of 3MDR that has yet to be incorporated into other
3MDR studies internationally.

The main research questions to be addressed include: (1) Will
participants’ combat-related TR-PTSD and moral injury
symptoms, and associated behavior and physiology, change
after an intervention of 3DMR therapy compared with treatment
as usual? (2) Will peripheral multiomic biomarkers related to
traumatic stress (ie, blood and salivary proteomic and genomic
profiles of neuroendocrine, immune-inflammatory responses,
and microRNA) be modified by the 3MDR intervention and
show utility for predicting patient outcomes posttreatment? (3)
What are the 3MDR clinicians’, operators’, and participants’
perceived technology acceptance and usability of 3MDR on the
CAREN system? (4) What is the overall participant experience
of the 3MDR intervention and comparability to PTSD therapies
that the participants had previously engaged in? (5) Will 3MDR
clinicians and operators experience perceived or secondary
traumatic stress, or a change in their professional quality of life
as a result of delivering 3MDR?

Specific Objectives
The first objective of the study is to examine the effect of 3MDR
therapy on combat-related TR-PTSD and moral injury
symptoms, behaviors, and physiological measures for CAF-SMs
and veterans who have not benefited from other trauma
therapies. The second objective is to examine the perceived
technological acceptance and usability of 3MDR by CAF-SMs
and veterans with combat-related TR-PTSD as well as 3MDR
clinicians and operators. The third objective is to examine the
effects of 3MDR on the operators and clinicians who provide
this intervention to military members and veterans with
combat-related TR-PTSD. In addition to conventional statistical
analyses, the final objective of this study is to explore the
application of machine learning in an attempt to identify
individual data patterns that may predict diagnosis, severity,
and potential treatment outcomes.

Hypotheses
Related to the objectives above, we have derived the following
four hypotheses for this study.

Hypothesis 1: Participants’ symptoms of combat-related
TR-PTSD will decrease during the 3DMR therapy compared
with treatment as usual.

Hypothesis 2: CAF-SMs, veterans, 3MDR clinicians, and
operators will perceive 3MDR to be a novel intervention with
adequate perceived technology acceptance and usability.

Hypothesis 3: 3MDR operators and clinicians will not
experience adverse mental health effects, including secondary
trauma and stress, that affect their daily functioning as a result
of 3MDR delivery.

Hypothesis 4: Machine-learning analysis will generate two
accurate predictive models that may portend diagnosis, severity,
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and potential treatment outcomes in CAF-SMs and veterans
with combat-related TR-PTSD.

Methods

Intervention
The 3MDR intervention takes place in an immersive CAREN,
a room-sized, three-dimensional VR system that facilitates full
engagement. A treadmill located in a central platform in the
CAREN is surrounded by 240° floor-to-ceiling screens with
motion-capture technology. In each session, the participant
continually walks on the treadmill while briefly listening to
self-selected music reminiscent of their military deployment(s)
prior to viewing a series of 7 self-selected images related to

their traumatic events projected onto the screen. The participant
is directed to engage in their selected image and walk toward
it. Each 3MDR session follows a repetitive cycle of a
preplatform phase (A), which is a mental and physical warm
up; a platform phase (B) when the VR environment changes,
providing a visual and auditory cue of movement into cycles
of active therapy; and, following a mental cool-down period, a
postplatform phase (C), during which the participant and
clinician reflect on the session, and focus on important or newly
arisen cognitive and emotional associations (Figure 2). A
self-care plan is also reviewed prior to the participant leaving
the CAREN. A typical 3MDR session lasts 90 minutes,
including the participant walking on the platform for 45-60
minutes (equivalent to 3-4 km).

Figure 2. Schematic overview of a single multimodular motion-assisted memory desensitization and reconsolidation (3MDR) session. A session consists
of a preplatform phase (A), platform phase (B), and postplatform phase (C). Used with permission [25]. VR: virtual reality; SUD: Subjective Units of
Distress scale.
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In the context of the full-service hospital setting, a risk
mitigation strategy will be implemented. Clinicians providing
3MDR who have vast experience with trauma-affected
populations, including CAF-SMs and veterans, will be
authorized to provide mental health services. Clinicians and
operators will continually assess the safety of participants during
sessions, and will stop the intervention and implement codes
or safety protocols if required. Participants will be debriefed
after therapy to determine if they are safe to leave the site and
prepared to follow their self-care and safety plan. Alternate
participant transportation will be utilized for participants if
required.

Study Design and Setting
This study will be a nonblinded mixed-methods waitlist
controlled staggered entry RCT with a crossover design. An
experimental group (n=20) will receive 6 sessions of 3MDR
once a week followed by treatment as usual. The definition of
treatment as usual for the purpose of this study will include

other evidence-based psychotherapeutic interventions such as
cognitive behavioral therapy, cognitive processing therapy,
prolonged exposure, EMDR, and medications.

A waitlist control group (n=20) will initially receive treatment
as usual for 9 weeks before being offered the opportunity to
receive the 3MDR intervention. Those agreeable to the 3MDR
intervention will then receive 6 sessions of 3MDR before
resuming treatment as usual. Assignment to the initial
experimental group versus the waitlist control group will be
randomized. Participants will receive an introductory session
prior to commencement of the 3DMR intervention and a
follow-up session after completion of the intervention. All
participants will provide informed written consent. For the
projected timeline of this study, refer to Table 1.

This study has been approved by the University of Alberta
Research Ethics Board (Pro00084466) and Canadian Armed
Forces Surgeon General (E2019-02-250-003-0003).
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Table 1. Time points of data collection for participants in the intervention group (1) and control group (2).

12 Months

Post

6 Months

Post

3 Months

Post

1 Month

Post

Week 9

(Post)

Weeks

4-8

Week 3Week 1

(Baseline)

MeasureConstruct to be

measured

1, 2LEC5bPTSDa

11, 21, 21, 21, 2CAPS5cPTSD

11, 21, 21, 21, 211PCL-5dPTSD

12QuestionnaireDemographic Informa-
tion

11, 21, 21, 21, 211GAD-7eAnxiety

11, 21, 21, 21, 211PHQ-9fDepression

11, 21, 21, 21, 211PABQgAvoidance

11, 21, 21, 21, 211PDEQhDissociation

11, 21, 21, 21, 211AUDITiAlcohol Use

11, 21, 21, 21, 211MISS-MjMoral Injury

11, 21, 21, 21, 211DERS-18kEmotional Regulation

11, 21, 21, 21, 211CD RISC-25lResilience

11, 21, 21, 21, 211OQ-45mSocial Functioning

11, 21, 21, 21, 211EQ-5Dn/EQ VASoQuality of Life

1, 21, 2BrainFX ScreenNeurofunctional Perfor-
mance

11UTAUTp QuestionnaireTechnology Acceptance
and Usability

11, 21, 21, 21, 2111, 2SUDSqSubjective Distress

11CSQ-8rClient Satisfaction

113MDR-Qt3MDRs Satisfaction

1111111Subjective Interview3MDR Satisfaction

aPTSD: posttraumatic stress disorder.
bLEC5: Life Events Checklist for DSM-5.
cCAPS5: Clinically Administered PTSD Scale for DSM-5.
dPCL-5: PTSD Checklist for DSM-5.
eGAD-7: Generalized Anxiety Disorder Scale, 7-item.
fPHQ-9: Patient Health Questionnaire, 9-item.
gPABQ: Posttraumatic Avoidance Behavior Questionnaire.
hPDEQ: Dissociative Experiences Questionnaire.
iAUDIT: Alcohol Use Disorder Identification Test.
jMISS-M: Moral Injury Symptom Scale for Military.
kDERS-18: Difficulties in Emotional Regulation Scale.
lCD RISC-25: Connor-Davidson Resilience Scale.
mOQ-45: Outcome Questionnaire 45.
nEQ-5D: EuroQol-5D-5L.
oEQVAS: EuroQol-Visual Analog Scale.
pUTAUT: Unified Theory of Acceptance and Usability of Technology.
qSUDS: Subjective Units of Distress Scale.
rCSQ-8: Client Satisfaction Questionnaire.
s3MDR: multimodular motion-assisted memory desensitization and reconsolidation.
t3MDR-Q: multimodular motion-assisted memory desensitization and reconsolidation questionnaire.
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Recruitment
Regular and reserve CAF-SMs and veterans will be recruited
through established relationships with the CAF, Operational
Stress Injury Clinics, the Royal Canadian Legion
Alberta/Northwest Territories Command, and local community
service providers supporting CAF-SMs and veterans.
Participants will also be recruited through word of mouth among
potential participants. Eligible participants include
English-speaking regular and reserve CAF-SMs and veterans
aged 18-60 years who meet the Diagnostic and Statistical
Manual-5 (DSM-5) criteria for a diagnosis of PTSD. This
includes: (1) symptoms lasting more than 3 months; (2) a score
of 30 or higher on the DSM-5 Clinician-Administered PTSD
Scale, Fifth Edition (CAPS-5) interview; (3) trauma related to
combat experiences; and (4) have had a nonresponse to at least
two types of evidence-based PTSD treatments where at least
one of these treatments was a psychotherapeutic intervention.
It is permitted that the second treatment is a pharmacological
intervention. Participants must also be stable on their
psychotropic medication for a period of 4 weeks before entering
the trial and agree to notify researchers of medication
adjustments during the course of the trial. Participants with
comorbidities will be included if they satisfy the other criteria
and PTSD is considered the primary diagnosis. Participants
must also have the cognitive capacity to provide informed
consent. Participants will be excluded from the study if they
demonstrate signs of acute suicidality, psychosis, or reduced
cognitive processing that would exclude them from following
directions or providing informed consent. Participants will also
be excluded if it is determined that they are unable to walk at
a normal pace for 30-45 minutes on a treadmill, or if their
physical size or abilities are not compatible with the CAREN
system. For CAF-SMs and veterans, screening by a research
team member will consist of an interview to discuss their
previous military employment/deployments, current and past
medical history, history and experiences of previous PTSD
interventions, and overall suitability for the study.

Recruitment of 3MDR clinicians and operators (N=12) will be
conducted through word of mouth among the six international
3MDR research teams located in the Netherlands, the United
States (California and Maryland), the United Kingdom (Wales),
and Canada (Alberta and Ontario). Clinicians and operators
who have received training for 3MDR and completed 6 weeks
of interventions will be eligible for a pre/post evaluation.
Voluntary written informed consent will be obtained from all
participants.

The control group will undergo screening for eligibility and
baseline assessment, followed by 9 weeks of treatment as usual
while the intervention group receives the 3MDR intervention.

They will then be provided an opportunity to cross over into
the intervention group.

For the introductory session, intervention group participants
will become accustomed to the CAREN system by practicing
the process associated with 3MDR, including walking on the
treadmill while looking at a neutral image as the clinician guides
them through the 3MDR protocol. The participant will be asked
to provide (1) images reminiscent of the traumatic deployment
event that preceded a PTSD diagnosis, ranked according to the
emotional distress that each elicits (ie, from least to greatest
level of distress); and (2) digital music tracks of a song that
reminds them of their deployment and other sounds or music
that provide positive feelings. A secondary purpose of this
introductory session is also to transfer trust from their service
provider to the 3MDR researchers and clinicians. One week
after the introductory session, the 3MDR therapy will be
initiated and participants will undergo 6 90-minute sessions.

Randomization and Blinding
Participants will be randomized to the 3MDR or treatment as
usual groups in a parallel design. A research assistant will utilize
computerized random number allocation to assign participants
to either the 3MDR or treatment as usual groups and maintain
a confidential log of which participants are assigned to the
respective groups. In addition, participants will be randomly
assigned to the clinician that they will be engaging with for
3MDR. Participants, assessors, 3MDR clinicians, and other
health care providers will not be blinded to the group allocation.

Sample Size
A sample size calculation was conducted using G*Power 3 [55],
based on the primary hypothesis that 3MDR would result in
significantly lower clinician-rated PTSD symptoms as compared
to treatment as usual. To detect a significant interaction with at
least a medium effect size, a minimal sample size of 17
participants was determined for each group. Because of an
estimated 10% dropout and some attrition at measurements, the
sample size was set at 20 participants in each group (Cohen
f=1.0) using general linear modeling with one within-subjects
factor (2 time points) and one between-subjects factor (2
interventions), and assuming a correlation of r=0.5 between the
repeated measures, an α-level of .05, and a power (1 – β) of
0.8.

Study Timeline and Data Collection

Objective 1: Effectiveness of 3MDR
Data will be collected from intervention and control group
participants at initial assessment (T0), prior to delivery of 3MDR
(T1), pre/post 3MDR sessions (T2.1-2.6), and at 1 week (T3),
1 month (T4), 3 months (T5), and 6 months (T6)
postintervention (Figure 3).
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Figure 3. Multimodular motion-assisted memory desensitization and reconsolidation (3MDR) data collection time points for the intervention (treatment;
blue/red) and waitlist control (green) groups. The syringe icon denotes blood collection and the square icon denotes saliva collection.

Clinical outcome measures will be collected at each time point
using the questionnaires listed in Table 1. Qualitative interviews
will occur at T3 through T6. Physiological, biometric, and
qualitative audio/video data will be collected at T2.1-T2.6.
Blood and saliva samples will be collected at baseline (T1),
before (pre) and immediately after (post) 3MDR sessions at
T2.1 and T2.6, post 3MDR sessions at T2.3 and T2.4, at 1-week
follow up (T3), and at 1-, 3-, and 6-month follow ups (T4, T5,
T6) for the analyses of peripheral blood and salivary biomarkers,
including inflammatory mediators, neuroendocrine hormones,
and microRNAs (see Multimedia Appendix 1).

Demographic information will include gender, age, ethnicity,
marital status, military branch (ie, army, navy, or air force), and
occupation. Psychological outcomes will be assessed through
paper-based questionnaires administered during each contact
with participants (Table 1). For further information on each
outcome measure, refer to Multimedia Appendix 2.

Physiological Data

Walking and eye-scanning patterns, as well as physiological
data (eg, heart rate, breathing rate, gait pattern, force plate
analysis) will be collected during the training session through
the CAREN system, Tobii Mobile eye-tracking glasses, Muse
electroencephalogram (EEG), and Zephyr BioHarness 3.

Subjective Measures

Video recording of each session will capture qualitative data of
the exchange between the clinician and participant during the

3MDR session. Audio recordings of the therapeutic debriefs
will also occur, during which the clinician and patient will
discuss the experience of any remarkable or meaningful aspects
of the session. The clinician will also share observations. Upon
completion of the 3MDR intervention, audio-recorded iterative
semistructured interviews will be conducted with all participants
at week 10, and 1, 3, and 6 months postintervention to explore
their experience of 3MDR, its impact on their PTSD symptoms
and overall function, and participation in the research study.

Objective 2: Measure of Technology Acceptance and
Usability
To measure the perceived technology acceptance and usability
of 3MDR and the CAREN, two 15-question surveys based on
the Unified Theory of Acceptance and Usability of Technology
(UTAUT) model [56] will be administered pre/post exposure
to CAREN and 3MDR. The surveys utilized Likert scores
ranging from 15 to 105 points, with high scores indicating
increased perceived technology acceptance and usability.

Objective 3: 3MDR Operators and Clinicians
The impact of delivering 3MDR will be examined with
clinicians and operators using questionnaires related to
technological acceptance, perceived stress, and professional
quality of life prior to 3MDR training and on completion of a
full course of 3MDR with a study participant (Table 2).
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Table 2. Time points of data collection for multimodular motion-assisted memory desensitization and reconsolidation (3MDR) clinicians and operators.

Week 9 (Post)Week 1 (Baseline)MeasureConstruct to be measured

XXUTAUTa QuestionnaireTechnology Acceptance and Usability

XXPSSbPerceived Stress

XXSUDSc

XSubjective Interview

XXPQoLdProfessional Quality of Life

XXSTSSeSecondary Stress

aUTAUT: Unified Theory of Acceptance and Usability of Technology.
bPSS: Perceived Stress Scale.
cSUDS: Subjective Units of Distress Scale.
dPQoL: Professional Quality of Life Scale.
eSTSS: Secondary Traumatic Stress Scale.

Objective 4: Machine Learning
Although group-based statistical analysis is useful for drawing
conclusions about general trends, it has limited utility for
guiding individual diagnostic and treatment choices.

As a result, in addition to conventional statistical analysis, this
study will explore the application of machine learning in an
attempt to identify individual data patterns that may predict
diagnosis, severity, and potential treatment outcomes.
Physiological, biometric, biological, and qualitative data from
T0 to T3 will be used to predict psychological outcome measures
at week 9 plus follow-up sessions. A model that can compute
sequential, multimodal data is needed to autonomously observe
and learn the variability of the relevant feature sets and its
association with outcome measures [57,58]. Deep neural
networks will be applied for this task [57,58].

Data Analysis

Objective 1: Effectiveness of 3MDR
The quantitative analysis strategy for this study will include a
variety of descriptive, parametric, nonparametric, univariate,
and multivariate approaches, as well as machine-learning
techniques.

Descriptive statistics will be used to summarize demographic
data of participants, including mean values, frequencies, and
proportions.

Baseline between-group differences in sociodemographic,
clinical, and neuropsychological variables will be assessed. For
psychological outcomes, including self-reported PTSD symptom
severity, anxiety and depression symptoms, and avoidance
behavior, analyses will be conducted using mixed linear models.
All of the analyses above will be carried out on an intent-to-treat
basis. A two-tailed P<.05 will be considered statistically
significant.

For preliminary assessment of the relation between treatment
outcomes and relevant predicting

variables, exploratory regression analyses will be performed
and a predicting variable will be considered to have potential

predicting value in cases of P<.20. Predictors will then be
combined in a regression model to determine which variables
most strongly predict 3MDR treatment success. Missing data
points, potentially due to missed visits or outcome measure
abnormalities, will be handled with the last observation carried
forward analysis of covariance [59].

A partial least squares (PLS) regression [60] will be used to
identify combinations of blood biomarker concentrations that
may distinguish the three treatment groups. PLS is a multivariate
data reduction technique that creates orthogonal latent variables
describing the maximal covariance between a set of predictors
(biomarkers) and response (patient outcome) variables [61].
Between-group comparisons will be evaluated post hoc by
generating bootstrapped mean differences of the group saliences
for all group pairs, followed by the derivation of bootstrap ratios
and empirical P values. In addition, model prediction
performance will be quantitated by evaluating the prediction
accuracy and posterior probability from separate
PLS-discriminant analyses (PLSDA) on each group pair.
PLSDA will also be used to evaluate the differences in
biomarker profiles between groups. For both tasks, PLS and
PLSDA, the weighted contribution of individual biomarker
loadings will be quantitated by bootstrapped resampling (5000
iterations), followed by the generation of bootstrapped ratios
and empirical P values. For evaluation of correlations between
blood biomarkers and patient outcomes, an out-of-sample,
leave-two-out cross-correlation (R2) value will be calculated
on the PLS model. Random forest–based feature selection will
be used to select the most relevant biomarkers that could be
used to differentiate treatment groups. The random forest
machine-learning algorithm is robust, with low bias and a
reduced chance for overfitting.

For qualitative data analysis, audio recordings will be
professionally transcribed and thematically analyzed in NVivo
12 software [62]. Thematic analysis involves examining text in
detail to identify recurring patterns (“themes”) through both
inductive and deductive reasoning [63]. Open codes will be
combined into preliminary patterns that focus on similarities
and differences within and between audio recordings to reduce
the number of codes and provide more focus for the secondary
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level of coding [63]. Within the secondary level of coding, more
abstract concepts will be assigned to broader categories of
themes, and the relations between these concepts will be
explored and verified through key quotes. Results will be
distributed to a sample of the participants for member checking
to assure the accuracy and trustworthiness of the research team’s
interpretation of themes.

Objective 2: Measure of Technology Acceptance and
Usability
The UTAUT questionnaires measure performance expectancy,
effort expectancy, social influence, and facilitating conditions,
and behavioral intention with respect to 3MDR and the CAREN
[56]. Differences in the medians between groups (ie,
performance expectancy, effort expectancy, social influence,
and facilitating conditions, and the behavioral intention
responses of intervention and control groups) will be analyzed
by nonparametric tests. Acceptance will be assessed using the
PLS structural equation model to determine reliability
measurements for each construct (Cronbach α).

Objective 3: 3MDR Operators and Clinicians
Owing to the small anticipated sample size, nonparametric
statistical analysis with the Wilcoxon signed-rank test will be
employed to assess the outcome measures addressing clinician
and operator stress. Qualitative interviews will be thematically
analyzed as described above.

Objective 4: Machine Learning
In a supervised regression learning approach, the input of the
machine-learning pipeline is considered to be the various types
of data collected for each individual across every session. If the
performance task is predicting reductions in symptom severity,
then the output will contain psychological outcome measures.
Such data will be divided into training and testing examples,
whereby the statistical model will learn on the training set and
then make data-driven predictions on the testing set to gauge
how accurate those predictions were. During this process, the
learner will optimize its predictions by comparing the predicted
output with the observed output and then updating the
parameters based on the severity of the errors made. Ultimately,
the learned model will make individualized predictions about
how a patient may respond to the treatment of 3MDR at a given
time point.

Triangulation of Data
A concurrent parallel approach following a data transformation
model will be utilized in the data analysis process to converge
the data for comparing and contrasting the quantitative statistical
results with qualitative findings [64,65]. Integration will be
scheduled at approximately every 5 participants during the data
collection period to assist with the assurance of clinical
appropriateness for the participants of the study and provide
preliminary results. The final point of integration and analysis
will take place at the conclusion of data collection.

Results

The trial is currently underway with 11 CAF-SMs/veterans
having completed the intervention protocol. Additionally, 5

clinicians and 4 operators have completed pre/post outcome
measures or the interview component of the trial. Data will be
analyzed with the goal of publication at the completion of the
study within 2 years.

Discussion

Projected Outcomes
Effective evidence-based interventions are needed for the
treatment of TR-PTSD experienced by military members and
veterans. This 3MDR study, one of the first international studies
of its kind, will investigate whether 3MDR reduces symptoms
of combat-related TR-PTSD. This 3MDR study protocol has
roots in previous 3MDR studies from Canada, the Netherlands,
and the United Kingdom [25,40,48,66]. Ideally, the combined
international efforts of multiple research teams could lead to a
meta-analysis of 3MDR in the military and veteran populations.
If 3MDR is found to be effective, study findings will support
making 3MDR more accessible nationally and internationally
as an intervention for CAF-SMs and veterans. If indicated,
3MDR trials could be extended to other trauma-affected
populations (eg, public safety personnel, marginalized groups,
some indigenous communities, victims of violent crime,
immigrants, refugees, victims of natural disasters) with PTSD
and various mental health conditions.

Although some alterations and additions have been incorporated
in this study that make it distinct from other international studies,
an effort has also been made to standardize various components
across all studies. This includes consistency with 3MDR
clinician and operator training, a 3MDR manual as a
standardized intervention, 3MDR fidelity checklists, use of
similar outcome measures where appropriate, and
standardization of mixed-methods data analysis wherever
possible.

This Canadian 3MDR study is the first to include a number of
novel components. Uniquely, this longitudinal study will address
resilience, moral injury, inflammatory mediators,
neuroendocrine hormones, and microRNA via measurements
of blood-based biomarkers. Collection of physiological data
using novel technology such as eye tracking and EEG is also
unique and will provide valuable insight into the mechanisms
by which 3MDR may be effective. Expanding the knowledge
of the efficacy of psychological treatments such as 3MDR
specific to combat-related TR-PTSD is unique, as this population
is rarely included in clinical trials [67].

The 3MDR intervention itself will be delivered by members of
a multidisciplinary team of registered trauma-informed clinicians
(ie, psychologists, social workers, occupational therapists, CAF
mental health chaplains, psychiatrists) who have variable
experience working with military members and veterans. The
study will also examine secondary stress that may be
experienced by clinicians and operators as a result of delivering
3MDR. Further, the acceptance and usability of technology by
participants, and 3MDR clinicians and operators regarding the
use of the CAREN for delivery of 3MDR will be studied.

It is predicted that a novel and synergistic effect between
components of the 3MDR intervention and treatment outcomes
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for combat-related TR-PTSD will be apparent. This project will
expand knowledge of the underlying mechanisms of TR-PTSD.
Additionally, through machine learning, successful model
development may predict changes in PTSD symptom severity
in this context [68]. It is also hoped that prognostic models will
be developed based on the study data from this protocol [61].
These models will enable clinical decisions—based on cognitive,
biological, and psychological markers and symptom severity—to
signal treatment responsiveness at the individual therapy client
level [67].

The importance of determining effective components of 3MDR
has value not only for this modality but also more broadly
regarding PTSD treatment effectiveness. As veterans seem to
gain limited progress in traditional trauma modalities, it may
be that combat-related trauma necessitates the engagement of
multiple biological, cognitive, and affective systems
simultaneously to produce the effects found in civilian
populations. If the combination of multiple efficacious
components (eg, bilateral movement, dual-task attention,
emotional engagement, visual and auditory stimulation) is
effective at reducing PTSD symptoms, significant evaluation
of the means by which currently accepted PTSD treatment
modalities are delivered, most often including office
environments and stationary physical positions, is warranted.

Moreover, if moral injury is also identified as a pertinent
comorbid component of combat-related TR-PTSD, key insights
may be gained as to why military members and veterans did
not have an adequate response to previous treatments. Although
research on moral injury is still burgeoning, this study has
significant potential to further elucidate the overlap and
difference between PTSD and moral injury, particularly in
relation to Criterion D of the PTSD diagnosis [1]. Equally, as
evidence-based interventions are currently very limited for moral
injury, using 3MDR to treat moral injury may have a unique
advantage as comorbid PTSD pathologies could be concurrently
addressed, thus not requiring military members and veterans to
undergo multiple psychotherapeutic interventions. The question
of resilience is also relevant to the broader conversation,
particularly if once the acute PTSD and moral injury symptoms
are addressed, military members and veterans experience a sense
of resilience in relation to any remaining pathology, social
engagement, and improved quality of life.

Limitations
Despite the many strengths of this study, some limitations must
be noted. First, the limited intervention timeline (ie, a total of
6 sessions) may not be sufficient for changes to occur,
particularly within participants who have had combat-related
TR-PTSD for a significant period of time; however, similar

studies for the treatment of combat-related TR-PTSD using
3MDR have shown positive and statistically significant changes
in PTSD symptoms [25,47]. Second, it is unlikely that the results
will apply to the general population for PTSD; larger clinical
trials will be necessary for generalization as the intervention to
date has been exclusively piloted with military members and
veterans with combat-related TR-PTSD. Third, it is possible
that participant engagement in this intervention may depend on
their level of comfort with a VR environment, their readiness
to address problematic components of their trauma, or challenges
associated with forming a meaningful therapeutic alliance with
the 3MDR clinician. Although this is not expected to be the
case, and the research team has incorporated proactive steps
into the protocol and procedures (ie, introductory session to
familiarize the participant with the CAREN system and to
develop rapport with their clinician), assessing individual
readiness will be more challenging. Fourth, it is not possible to
stratify randomization by gender given the limited number of
women in combat roles; this is an important limitation to address
in future work. Moreover, it is not possible to standardize the
treatment as usual that the participants receive, which adds some
variability that cannot be controlled for. Finally, as a
characteristic of many rehabilitation intervention trials,
participants blinding themselves to the intervention, or having
a true placebo group, is not possible with current approaches.
As assessors and health care professionals will work closely
with the participants in the same hospital setting, blinding of
these personnel is also unlikely.

Conclusion
This RCT will provide a useful evaluation of 3MDR as a
potentially effective treatment for combat-related TR-PTSD
among CAF-SMs and veterans. With military members and
veterans experiencing reduced effectiveness with traditional
“gold-standard” PTSD interventions, there is an immediate need
for creation of an effective manualized combat-related TR-PTSD
intervention. This 3MDR study protocol honors previously
published international studies while incorporating concepts of
resilience, moral injury, technology acceptance and usability,
multiomic biomarker data, machine learning, and the 3MDR
clinician and operator experience. The addition of novel
technologies such as eye tracking and EEG, as well as data
analysis techniques such as PLS-SEM and machine learning
will push the knowledge of 3MDR effectiveness as well as
elucidating by what mechanisms this may be caused. It is hoped
that the results of this 3MDR study will contribute to future
evidence-based research and clinical accessibility to the
intervention as indicated for multiple trauma-affected
populations.
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Abstract

Background: Specialist community teams often support people with dementia who experience crisis. These teams may vary
in composition and models of practice, which presents challenges when evaluating their effectiveness. A best practice model for
dementia crisis services could be used by teams to improve the quality and effectiveness of the care they deliver.

Objective: The aim of this study is to examine the feasibility of conducting a large-scale randomized controlled trial comparing
the AQUEDUCT (Achieving Quality and Effectiveness in Dementia Using Crisis Teams) Resource Kit intervention to treatment
as usual.

Methods: This is a multisite feasibility study in preparation for a future randomized controlled trial. Up to 54 people with
dementia (and their carers) and 40 practitioners will be recruited from 4 geographically widespread teams managing crisis in
dementia. Quantitative outcomes will be recorded at baseline and at discharge. This study will also involve a nested health
economic substudy and qualitative research to examine participant experiences of the intervention and acceptability of research
procedures.

Results: Ethical approval for this study was granted in July 2019. Participant recruitment began in September 2019, and as of
September 2020, all data collection has been completed. Results of this study will establish the acceptability of the intervention,
recruitment rates, and will assess the feasibility and appropriateness of the outcome measures in preparation for a large-scale
randomized controlled trial.

Conclusions: There is a need to evaluate the effectiveness of crisis intervention teams for older people with dementia. This is
the first study to test the feasibility of an evidence-based best practice model for teams managing crisis in dementia. The results
of this study will assist in the planning and delivery of a large-scale randomized controlled trial.

International Registered Report Identifier (IRRID): DERR1-10.2196/18971

(JMIR Res Protoc 2020;9(10):e18971)   doi:10.2196/18971
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Introduction

Background
Dementia is a progressive condition that affects over 850,000
people in the United Kingdom [1]. The cognitive, behavioral,
and psychological symptoms of dementia include memory loss,
changes in reasoning and planning skills, and communication
difficulties that may impair ability to perform daily activities
[2]. Improving dementia care remains a key priority from the
Prime Minister’s Challenge on Dementia [3]. Community
support, with the aim of reducing hospital admissions, is one
way to respond to this policy initiative; however, fluctuations
in the health and social circumstances of the person with
dementia may cause a breakdown in care which could lead to
crisis.

A dementia mental health crisis can be defined as “a need for
urgent mental health assessment and intervention for people
with dementia who live in the community” (from Hoe J, Ledgerd
R, Devine M, Toot S, Challis D, Orrell M. Home Treatment
Manual 2012 Version 4. Support at Home: Interventions to
Enhance Life in Dementia (SHIELD); unpublished). Crisis
situations in dementia are common and often result in a hospital
admission. Risk factors for breakdown of care at home include
increased carer burden and inadequate social support [4].
Increased contact with general practitioners and case manager
consultations are recommended to help manage instances of
crisis [5]. Support for people with dementia and their carers at
a time of crisis is often managed through secondary mental
health services. These services involve teams that vary in name
and composition and may include crisis resolution and home
treatment teams and dementia rapid response teams, though in
some instances, there are no suitable services. Some teams may
be commissioned to specifically provide support for older
people, while others may be nonage-defined. From here on in,
these services will be referred to as teams managing crisis in
dementia. A recent scoping survey [6] highlighted the disparity
in services across England; teams managing crisis in dementia
vary in terms of name, set-up, delivery, policy, and procedures.
Further high-quality evidence is required to support the
effectiveness of teams managing crisis in dementia in reducing
hospital admissions and preventing breakdown of care at home,
and to improve knowledge on how teams can be supported to
deliver care for people with dementia in crisis.

Preliminary Work
The Achieving Quality and Effectiveness in Dementia Using
Crisis Teams (AQUEDUCT) program comprises 3 work
packages following the Medical Research Council’s Framework
for the Development and Evaluation of Randomized Controlled
Trials for Complex Interventions [7]. The first work package

(WP1) consisted of 2 strands: a systematic literature review to
examine the effectiveness of crisis interventions for older people
and a scoping review to map and understand operational
procedures in current services [6], and subsequently, qualitative
work (including interviews; focus groups; consultations; and a
consensus conference involving people with dementia, carers,
practitioners, and stakeholders) was used to identify and
establish agreement about key elements of best practice in teams
managing crisis in dementia.

The strands from WP1 contributed to the development of a
model of best practice comprising 50 best practice statements,
a best practice tool, and a resource kit [8], after which, 12 teams
managing crisis in dementia and 5 noncrisis older adult mental
health teams field-tested the AQUEDUCT best practice tool
and resource kit. The feedback from these teams was used to
amend the resource kit for future use in the second work package
(WP2)—the feasibility study. Findings from this feasibility
study will be used to inform the future large-scale randomized
controlled trial in the third work package (WP3). This paper
describes the protocol for WP2 only.

Aims and Objectives
The aims of WP2 of the AQUEDUCT research program were
to (1) conduct a feasibility study of use of the resource kit in
relation to practice, care outcomes, and costs; (2) gather
feedback from participants about the acceptability and feasibility
of the research procedures; and (3) refine the resource kit for
use in the randomized controlled trial in order to (1) determine
the feasibility of recruitment to a large-scale randomized
controlled trial; (2) refine the eligibility criteria for teams
managing crisis in dementia for a future definitive randomized
controlled trial; (3) determine the relevance and acceptability
to National Health Service (NHS) practitioners; (4) determine
the acceptability to people with dementia, carers, and NHS
practitioners of the trial procedures; (5) assess the ability of the
NHS sites to implement the resource kit; (6) assess the training
and support needs for NHS practitioners using the resource kit;
(7) evaluate resource kit uptake and fidelity when used through
NHS services; (8) assess follow-up and outcome completion
rates; (9) determine the relevance and acceptability of a range
of outcome measures to inform selection of the primary outcome
for the main trial; and (10) evaluate the utility and acceptability
of resource use questionnaires for use in an economic evaluation
in a future randomized controlled trial.

The design of WP2 is illustrated in Figure 1. The main
component—WP2.1—is the overall feasibility study; WP2.2
will examine the feasibility of an economic evaluation of the
resource kit, and WP2.3 is a qualitative evaluation of the
experience of using the resource kit and its acceptability.
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Figure 1. Design and components of WP2.

Methods

Site Selection
This is a multisite pre–post feasibility study with all sites
allocated to the AQUEDUCT resource kit intervention.
Recruitment will take place at 4 sites which will be purposively
selected from across England to ensure a diverse range of teams
managing crisis in dementia models and service user
demographics. The number of teams approached and reasons
for teams declining to participate will be documented. This will
allow structural or process issues which influence participation
to be identified and considered for how they may impact site
selection in the main trial.

Criteria
Inclusion criteria will be as follows: (1) teams managing mental
health crises in dementia in community settings, (2) people with
dementia receiving input from the teams managing crisis in
dementia during the team’s use of the resource kit, and (3) carers
providing support for a person with dementia in receipt of input
(using the resource kit) from the teams managing crisis in
dementia.

Exclusion criteria will be as follows: (1) team is not defined by
NHS Trust as having a role in dementia mental health crisis
management, (2) team does not meet the following definition
for mental health crisis management—providing urgent mental
health assessment and intervention for people with dementia in
the community, and (3) team is not able to demonstrate capacity
and capability to complete required research activities.

Participant Recruitment
This study will recruit 3 different groups of participants: teams
managing crisis in dementia practitioners, people living with
dementia, and carers. Recruitment will take place in different
ways. All participants will be asked to consent separately, by
signing relevant consent forms for each stage of the research
with which they wish to engage. This section presents the
recruitment pathway for WP2.1, the main feasibility study.
Recruitment for WP2.2 and WP2.3 will be outlined later in the
protocol.

Practitioners will be identified and recruited from participating
teams managing crisis in dementia. Once the NHS Trust has
formally agreed to participate in the study, each team manager
or senior practitioner will receive an information pack which
will include an information sheet for potential practitioner

participants. The team manager will identify 2 practitioners who
will act as research coordinators for the site; these practitioners
will be given up to 3 days to decide whether or not they wish
to participate. A member of the AQUEDUCT research team
will then conduct a site set-up visit to answer any questions and
seek written informed consent. From this point, the research
coordinators will be responsible for arranging and confirming
consent with other practitioners at the site. All teams will
complete good clinical practice [9] training before their study
start date.

People with dementia and carers who are referred to the teams
managing crisis in dementia caseload during the first 2 weeks
of each team's implementation of the resource kit will be
identified and recruited by participating practitioners. Potentially
eligible participants will be approached by the practitioner who
will give them an appropriate information sheet and explain to
them that the team managing crisis in dementia has agreed to
participate in the AQUEDUCT research program. Potential
participants will be given up to 3 days to decide whether or not
they wish to participate; if in agreement, they will then sign a
consent form.

Where a carer also agrees to participate in the study, the carer
will be asked to provide written informed consent for their own
participation in the feasibility study. A carer’s decision to
participate or not will not affect the involvement of a consenting
person with dementia.

Sample Size
The aim of this feasibility study is to estimate rates of
recruitment and completion rates, and to refine eligibility criteria
and other research procedures; therefore, no formal sample size
calculation is required. The proposed sample size includes a
total of 40 teams managing crisis in dementia practitioners and
54 people with dementia and carers across the 4 NHS sites; this
is considered sufficient to establish feasibility and to inform the
future large-scale randomized controlled trial.

Ethics and Mental Capacity
Ethical approval was given by the West Midlands–Coventry
and Warwickshire Research Ethics Committee (19/WM/0132)
on July 14, 2019 and Health Research Authority approval was
given on July 15, 2019. The study sponsor is Nottinghamshire
Health care NHS Foundation Trust.

On first contact with the person with dementia, and at every
subsequent meeting with a person with dementia, the teams
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managing crisis in dementia practitioner will determine the
mental capacity (according to the Mental Capacity Act 2005
[10]) of the person with dementia to give informed consent to
take part in the research. Where the person with dementia is
thought not to have the mental capacity to give informed
consent, the view of the person with dementia’s carer will be
taken into account as they will have a greater knowledge of the
person with dementia’s abilities over time. The carer consultee
will be asked to consider what would be in the best interests of
the person with dementia according to their previous or currently
expressed views. In these instances, the carer will be provided
with a consultee information sheet and a carer consultee
declaration form.

Withdrawal
People with dementia can withdraw from the study at any time
without any impact on their current or future care. Carers may
also withdraw from the study, and this will not affect the person
with dementia’s continued involvement in the study. Participant
information sheets and consent forms will inform participants
of their right to withdraw from the research for any reason
(which does not need to be stated) and at any time, without any
effect on their employment (for teams managing crisis in
dementia practitioners) or input from services (for people with
dementia and carers).

Patient and Public Involvement
Throughout the development of the AQUEDUCT research
program, the research team has extensively consulted with
people with dementia and their carers. Patient and public
involvement was integrated throughout WP1, to inform
development of the AQUEDUCT resource kit. The protocol for
WP2 has been developed in consultation with the AQUEDUCT
patient and public involvement reference group, and all study
documentation and participant recruitment procedures have
been reviewed by patient and public involvement
representatives.

AQUEDUCT Intervention
The AQUEDUCT resource kit is an online resource for teams
managing crisis in dementia, designed to assist teams in
evaluating and improving their practice according to the best
practice model developed in WP1 of the research program. The
resource kit comprises 3 components: the best practice tool
which enables teams managing crisis in dementia to evaluate
their practice according to 50 best practice statements, the home
treatment package developed during the National Institute for
Health Research (NIHR)–funded Support at
Home—Interventions to Enhance Life in Dementia study (from
Hoe J, Ledgerd R, Devine M, Toot S, Challis D, Orrell M. Home
Treatment Manual 2012 Version 4. Support at Home:
Interventions to Enhance Life in Dementia (SHIELD);
unpublished), and a collection of templates and documents that
can be used directly or adapted by teams to suit their practice.

At the set-up visit, or subsequently, participating practitioners
will complete online training on use of the AQUEDUCT
resource kit. They will then complete a posttraining
self-assessment to provide information about the effectiveness
of the online training. The self-assessment consists of

multiple-choice questions that assess the ability, training, and
support needs of NHS practitioners using the resource kit. The
aim of this assessment is to identify any misunderstandings or
areas that require further explanation. Topics focus on study
procedures and the best practice toolkit.

For the purpose of the feasibility study, each team will be given
3 weeks to complete the best practice tool before the
implementation phase, to determine areas in which the teams
managing crisis in dementia could improve practice. The team
will then implement relevant elements of the resource kit that
will assist them in improving practice during an 8-week
implementation phase. The team will recomplete the best
practice tool at the end of the implementation phase.

The AQUEDUCT research team will have weekly contact with
team practitioners to obtain feedback and provide support for
implementation of the resource kit. Support elements will be
monitored by the research team to identify usage and costs.
teams managing crisis in dementia practitioners will maintain
activity records to monitor time spent implementing the resource
kit in practice during the implementation phase.

Study Outcomes

Feasibility Study Outcomes (WP2.1)
One of the main aims of the feasibility study is to determine the
most suitable outcome measures for the proposed randomized
controlled trial. The primary outcome measure to be used in the
main trial will be selected from among those described below,
based on relevance and acceptability in this feasibility study.

Outcome Measures for the Person With Dementia
Both the self-completed and proxy versions of the Dementia
Quality of Life Questionnaire [11], measuring quality of life
for people with dementia, will be used. The Client Satisfaction
Questionnaire [12], measuring user satisfaction of service
received; the Neuropsychiatric Inventory [13], a carer-completed
measure that assesses neuropsychiatric symptoms for the person
with dementia rating the frequency of the symptoms on a 4-point
Likert scale, and severity on a 3-point scale; and the Bristol
Activities of Daily Living Scale, a carer-rated measure that
assesses daily living activities [14] will also be used.

Outcome Measures for the Carer
European Quality of Life 5 Dimensions questionnaire [15],
measuring health-related quality of life; Hospital Anxiety and
Depression Scale, a self-completed measure that assesses anxiety
and depression [16]; the Neuropsychiatric Inventory severity
of symptoms (3-point scale) and the impact of symptoms
manifestations (5-point scale) to determine caregiver distress
associated with neuropsychiatric symptoms [13]; and Client
Satisfaction Questionnaire [12] will be used.

Outcome Measures for Teams Managing Crisis in
Dementia
The following data will be collected: initial best practice tool
score for the teams managing crisis in dementia; final best
practice tool score for the teams managing crisis in dementia;
number of hospital admissions for the teams managing crisis
in dementia over the study period; total number of referrals
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received by the teams managing crisis in dementia over the
study period (to include nondementia referrals); number of
specific dementia crisis referrals received by the teams managing
crisis in dementia over the study period; number of inappropriate
referrals to the teams managing crisis in dementia over the study
period; teams managing crisis in dementia practitioner
absenteeism over the study period; total number of hospital beds
available to the service or organization during the study period;
and number of hospital beds available to the teams managing
crisis in dementia over the study period.

Health Economic Outcomes (WP2.2)
This substudy will test the feasibility of conducting a full
economic evaluation of the resource kit in the future randomized
controlled trial. The aim will be to test the relevance and
acceptability to people with dementia and carers of the
questionnaires to be considered for the full economic evaluation
in the large-scale randomized controlled trial. It will include at
least 4 carers of people with dementia recruited by each of the
4 teams to reflect living arrangements such as a spouse living
with a person with dementia or an adult-child living elsewhere.
It will involve an analysis of the specific cost of the resource
kit, identify appropriate sources of data to be used in the full
economic evaluation, and how best to collect these data.

To assess the feasibility of the economic evaluation, carers who
are taking part in WP2.1 will be approached by team
practitioners and asked if they will consider participating in the
feasibility study of the economic evaluation as well. If agreeable,
potential participants will then be contacted by a member of the
AQUEDUCT research team and will be provided with an
information sheet, given an opportunity to ask questions, and
given up to 3 days to decide whether or not they wish to
participate in this part of the research. If they wish to be
involved, participants will sign the relevant consent form.

To calculate the cost of the resource kit, the following
components will be considered: (1) the cost of producing and
maintaining the resource kit, including the cost of producing
and maintaining the best practice tool, all resource materials in
the resource kit, all guidance and explanatory information, and
the website which supports the resource kit and (2) the cost of
skills training for teams managing crisis in dementia
practitioners in the use of the resource kit, including all training
materials.

It will be assumed that, in the large-scale randomized controlled
trial, the lifetime incremental cost per quality-adjusted life year
gained for the resource kit versus treatment as usual will be
estimated from NHS and Personal Social Services perspectives
and from a societal perspective. The resources used and unit
cost data for these components will be collected through a
modified version of the Clinical Service Receipt Inventory [17].
Potential sources of health-related quality of life data suitable
for estimating quality-adjusted life years for people with
dementia and carers will also be collected.

Qualitative Evaluation of Participant Experience
(WP2.3)
This part of the study will evaluate the experience of applying
the research methodology and the acceptability and relevance
to participants of using or receiving input from the teams
managing crisis in dementia with the resource kit. Findings
from the qualitative substudy will be used to modify the resource
kit and research methods to be used in the large scale
randomized controlled trial. Team practitioners who were
involved in the main part of the feasibility study will be
approached by a member of the AQUEDUCT research team to
invite them to participate in the qualitative evaluation. Potential
participants will be given a relevant information sheet, an
opportunity to ask questions, and up to 3 days to decide whether
or not they wish to participate in advance of giving consent.

All potentially eligible people with dementia and carers will be
provided with a relevant information sheet; the research will be
explained to them verbally, and potential participants will have
the opportunity to ask questions and will be given up to 3 days
to decide whether or not they wish to participate in advance of
giving consent.

Once informed consent has been provided, team practitioners,
people with dementia, and carers will complete bespoke
questionnaires to explore their perspectives of how the research
procedures were applied and of the acceptability and relevance
of using, or receiving input on, the resource kit. Practitioners
will be asked to answer statements such as “Was the Best
Practice Toolkit training an appropriate length of time?’” with
either yes, somewhat, or no. The questionnaire also includes
some open-ended questions such as “If you answered no, please
provide further details.” The framework for the bespoke
questionnaires is outlined Textbox 1.

Textbox 1. Framework for qualitative substudy.

Experience of

• online training and related activities (teams managing crisis in dementia only)

• completing the best practice tool (teams managing crisis in dementia only)

• recruiting people with dementia or carers and of being recruited (all participants)

• using the resource kit (teams managing crisis in dementia only)

• completing other research-related activity (teams managing crisis in dementia only)

• completing the questionnaires (all relevant participants)

• contact with the AQUEDUCT research team (all relevant participants)

• clinical team input (people with dementia and carers only)

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18971 | p.256http://www.researchprotocols.org/2020/10/e18971/
(page number not for citation purposes)

Broome et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Data Collection
Table 1 outlines procedures and assessments at each time point
during the study. Upon recruitment, team practitioners will
complete a demographic information sheet. Each team will

complete the best practice tool at 2 time points: baseline
(preimplementation) and study close (postimplementation). The
qualitative questionnaires will be completed by team
practitioners at the end of the 8-week implementation phase.

Table 1. Study procedures for WP2.

Study close

(2 weeks)

Implementation
phase (8 weeks)

BaselineStudy set-up

(3 weeks)

Assessments and procedures

WP2.1a

Practitioners

XInformed consent

XDemographic information

XXBest practice tool intervention

People with dementia

XEligibility screen

XInformed consent

XDemographic information

XXDementia Quality of Life Questionnaire

XClient Satisfaction Questionnaire

Carers

XEligibility screen

XInformed consent

XDemographic information

XXEuropean Quality of Life 5 Dimensions Questionnaire

XXHospital Anxiety and Depression Scale

XXClient Satisfaction Questionnaire

XXBristol Activities of Daily Living Scale

XXDementia Quality of Life Questionnaire-Proxy

XXNeuropsychiatric Inventory symptom frequency and severity

WP2.2

Carers

XInformed consent

XDemographic information

XXClient Service Receipt Inventory

XExperience questionnaire

WP2.3

Practitioners

XInformed consent

XDemographic information

XExperience questionnaire

People with dementia and carers

XInformed consent

XDemographic information

XExperience questionnaire

aWP: work package.
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Data will be collected at 2 time points for people with dementia
and carers. Upon recruitment, demographic information and
baseline questionnaires will be completed; follow-up
questionnaires will be completed at the end of the period during
which the person with dementia and the carer has received team
input. Participants not included in the study will be recorded
on the Person with Dementia and Carer data summary sheet.
The reason for noninclusion or the reason for declining to
participate will be recorded where possible.

Data Management
Upon signing a consent form, all participants will be allocated
a unique identification code to ensure anonymity. Individual
participant information obtained as a result of this research will
be considered strictly confidential. Confidentially will be
maintained through ongoing use of unique identifiers. All data
will be treated as confidential and the NHS Code of
Confidentiality [18], 2016 General Data Protection Regulation
[19], and 2005 Good Clinical Practice guidelines [9] will be
adhered to. Insurance and indemnity arrangements will be
covered by the study sponsor (Nottinghamshire Health care
NHS Foundation Trust).

Data Analysis
Data analysis to address the feasibility aims of this study will
be primarily descriptive. Feasibility outcomes will be estimated
using descriptive statistics (with 95% confidence intervals) and
will consider recruitment rates, retention rates, amount of
missing data, and intervention adherence. The rate of protocol
adherence will be reported in terms of participants (practitioners,
people with dementia, and carers) who adhere to the required
research activities. Key characteristics (personal, demographic
and, where appropriate, clinical information from the case report
form) will be compared between participants and those who are
ineligible or who do not consent to take part, to ascertain
adequacy of inclusion and exclusion criteria and likely
generalizability of this research to the required targeted
populations. The same characteristics will be compared between
those who complete all required research activities and those
who do not.

Process data will also be collected by the teams managing crisis
in dementia and the AQUEDUCT research team. This will
include the number of sites approached, the number of

participants approached as well as the number recruited, and
reasons for not participating given by those who decline to
participate. The teams managing crisis in dementia will also
record time spent on research activities and on implementing
the resource kit.

Adverse Events
No adverse events are anticipated. All adverse events will be
recorded in the case report form and the Person with Dementia
and Carer data summary sheet. Participants will be informed
that they can stop their participation at any time without any
impact on their employment or clinical input.

Results

Ethical approval for this study was granted in July 2019.
Participant recruitment began in September 2019, and as of
September 2020, all data collection has been completed.

Discussion

This protocol describes a multisite feasibility study of an
evidence-based best practice model for teams managing crisis
in dementia. Previous research revealed only limited evidence
in support of crisis teams reducing hospital admission rates, and
despite an increase in the number of published studies, their
designs remain methodologically limited [6]. The AQUEDUCT
resource kit addresses the current care gap by providing more
robust evidenced-based dementia crisis care model. This study
will add to knowledge concerning the feasibility and
acceptability of implementing a model of best practice for teams
managing crisis in dementia. Data gathered in this study will
also provide an opportunity to modify the AQUEDUCT resource
kit.

We anticipate that this information can be used to improve the
quality and effectiveness of crisis teams that work with people
with dementia. If the AQUEDUCT intervention is found to be
effective, this program could influence how services are
organized, with benefits for people with dementia and their
carers. The long-term impact of a standardized model of
dementia crisis care working may be to reduce hospital
admissions and to reduce care costs. These impacts may improve
quality of life for people with dementia and carers.
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Abstract

Background: The sequential multiple assignment randomized trial (SMART) design allows for changes in the intervention
during the trial period. Despite its potential and feasibility for defining the best sequence of interventions, so far, it has not been
utilized in a smartphone/gamified intervention for physical activity.

Objective: We aimed to investigate the feasibility of the SMART design for assessing the effects of a smartphone app intervention
to improve physical activity in adults. We also aimed to describe the participants’ perception regarding the protocol and the use
of the app for physical activity qualitatively.

Methods: We conducted a feasibility 24-week/two-stage SMART in which 18 insufficiently active participants (<10,000
steps/day) were first randomized to group 1 (smartphone app only), group 2 (smartphone app + tailored messages), and a control
group (usual routine during the protocol). Participants were motivated to increase their step count by at least 2000 steps/day each
week. Based on the 12-week intermediate outcome, responders continued the intervention and nonresponders were rerandomized
to subsequent treatment, including a new group 3 (smartphone app + tailored messages + gamification) in which they were
instructed to form groups to use several game elements available in the chosen app (Pacer). We considered responders as those
with any positive slope in the linear relationship between weeks and steps per day at the end of the first stage of the intervention.
We compared the accelerometer-based steps per day before and after the intervention, as well as the slopes of the app-based steps
per day between the first and second stages of the intervention.

Results: Twelve participants, including five controls, finished the intervention. We identified two responders in group 1. We
did not observe relevant changes in the steps per day either throughout the intervention or compared with the control group.
However, the rerandomization of five nonresponders led to a change in the slope of the steps per day (median −198 steps/day
[IQR −279 to −103] to 20 steps/day [IQR −204 to 145]; P=.08). Finally, in three participants from group 2, we observed an
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increase in the number of steps per day up to the sixth week, followed by an inflection to baseline values or even lower (ie, a
quadratic relationship). The qualitative analysis showed that participants’ reports could be classified into the following: (1)
difficulty in managing the app and technology or problems with the device, (2) suitable response to the app, and (3) difficulties
to achieve the goals.

Conclusions: The SMART design was feasible and changed the behavior of steps per day after rerandomization. Rerandomization
should be implemented earlier to take advantage of tailored messages. Additionally, difficulties with technology and realistic and
individualized goals should be considered in interventions for physical activity using smartphones.

Trial Registration: Brazilian Registry of Clinical Trials RBR-8xtc9c; http://www.ensaiosclinicos.gov.br/rg/RBR-8xtc9c/.

(JMIR Res Protoc 2020;9(10):e14322)   doi:10.2196/14322

KEYWORDS

tailored messages; gamification; steps per day

Introduction

In Brazil, despite the economic crisis, the demand for
smartphones has increased dramatically. There are
approximately 324 million mobile devices connected to the
internet in Brazil, of which 230 million are smartphones [1].
There is an enormous potential for smartphones to improve
cardiovascular health in Brazil. Accordingly, efforts to engage
people who do not meet physical activity recommendations
have been made using popular emerging technologies, including
mobile devices such as smartphones and their apps. There is
evidence in the literature that app-based interventions to promote
physical activity can be useful in yielding an overall moderate
effect [2]. Regarding physical activity, a recent systematic
review and meta-analysis reported that the use of wearables and
smartphone apps led to a small to moderate increase in physical
activity in minutes per day, and a moderate increase in daily
step count [3]. However, recent evidence suggests that
smartphone apps have been most effective in the short term (eg,
up to 3 months), indicating the need for future research to
establish the paths to improve physical activity in the long term
[4].

In order to optimize app-based interventions for physical
activity, a novel research design, namely the sequential multiple
assignment randomized trial (SMART) design, might be a
rational strategy. SMART is an adaptive design, which allows
for alternative treatments depending on observed success in the
intervention during the research period. This strategy brings the
intervention more in line with real-life situations, helping to
identify people who benefit from interventions differentially
and individualize the treatment. Another benefit of this
intervention design is the evaluation of multiple interventions
and responses in one trial. In addition, the SMART design has
been recommended over the classical randomized controlled
trial for technology-based interventions [5,6], as it allows for
adaptations over time based on the response to the intervention.
This strategy may be beneficial, as the effectiveness of an app
might diminish over time, because of losing interest in the app
or its elements.

For example, consider a SMART to evaluate behavioral
interventions in eHealth for scope and intensity. Assume that
there are three types of strategies (A, B, and C), which are listed
in order of dose and range. In this study, each participant would

be randomized to one of two possible initial interventions (A
or B). After a pre-established period, participants would be
classified as nonresponders or responders, according to a
previously defined criterion. Thereafter, nonresponders would
be rerandomized to a subsequent intervention more rigorous in
terms of the intensity and range of the initial intervention.
Responders to treatments A and B would continue in their
treatments to investigate the longer follow-up effect.
Nonresponders to treatment A would be rerandomized to both
receive treatment C and experience treatment B. Nonresponders
in B, in turn, would be rerandomized to C or would change
treatment by going to A. Six interventions are embedded in this
design.

Given the need to evaluate the SMART design development
and implementation process, as well as the preliminary results
of each participant’s response to the proposed intervention, a
feasibility study is appropriate and allows the identification of
methodological aspects that may be adapted before more
extensive randomized controlled trials. Moreover, conducting
a pilot study favors the exploration of crucial outcomes beyond
the evaluation of the study protocol implementation process
[7].

Despite the high potential and feasibility [8] of a SMART
design, so far it has hardly been utilized in smartphone and
gamified interventions, especially for increasing physical
activity. Accordingly, the primary objective of this study was
to investigate the feasibility of a SMART design for assessing
the effects of a community-based smartphone app intervention
to improve physical activity in insufficiently active adults. We
also aimed to describe the participants’ perceptions regarding
the protocol and the use of the app for physical activity
qualitatively. Moreover, we aimed to analyze the participants’
responses to the intervention.

Methods

Study Design
We conducted a feasibility study about the effectiveness of the
SMART protocol using a smartphone app (free of charge) for
the level of physical activity in adults. Our feasibility study
expected to evaluate the recruitment capacity and resulting
characteristics of sampling, evaluation, and refinement of data
collection procedures; outcome measures; intervention and
study acceptance and adequacy procedures; resources and ability
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to manage and implement the study and intervention; and
preliminary responses to the intervention. The interdisciplinary
team that developed the feasibility SMART study protocol
included a psychologist, physical therapists, and professionals
in physical education.

This feasibility trial was a 24-week intervention with a two-stage
SMART in which the allocation sequence of the randomization
was concealed using opaque envelopes. An independent
researcher performed this phase of the protocol. In the first stage
of treatment decision, participants were randomized to group 1
(smartphone app only), group 2 (smartphone app + weekly
tailored text messages), or a control group. After 12 weeks,
based on the intermediate assessment (maintenance and increase

or decrease in the number of steps), participants were classified
as responders or nonresponders. The nonresponders were
rerandomized into the two pre-existing groups (group 1 and
group 2), and a new intervention group (group 3: smartphone
app + weekly tailored text messages + gamification) was added
to the protocol (Figure 1). Participants in the control group were
advised to maintain their usual routine. The text messages sent
to participants throughout the intervention are presented in
Multimedia Appendix 1.

The ethics committee of the university approved this study
(number: 0499/2018), and the trial was registered at the
Brazilian Clinical Trials Registry (ReBEC #RBR-8xtc9c).

Figure 1. The sequential multiple assignment randomized trial (SMART) design applied in this study. Letters at the end of the flowchart indicate the
way of the intervention. A: app only during 24 weeks; B: app only during 12 weeks and app + tailored messages in the last 12 weeks; C: app only during
12 weeks and app + tailored messages + gamification in the last 12 weeks; D: app + tailored messages during 24 weeks; E: app + tailored messages
during 12 weeks and app only in the last 12 weeks; F: app + tailored messages during 12 weeks and app + tailored messages + gamification in the last
12 weeks; R: randomization and rerandomization.

Participants and Recruitment
As a rule of thumb, it has been recommended to recruit 30
participants for both pilot and feasibility studies, with samples
between 24 and 50 being mathematically recommended to both
calculate the standard deviation of a predetermined outcome
and evaluate the rates of adherence and involvement (responder
and nonresponder), as well as drop-out (for example) [9].

We invited 39 volunteers who presented to another ongoing
study called the Epidemiology and Human Movement
(EPIMOV) Study. Briefly, the EPIMOV Study is another study
of our research team being carried out since 2013 in the city of
Santos, Sao Paulo, Brazil. It is a prospective epidemiological
study to investigate the association of physical activity and
sedentary behavior with the incidence of cardiorespiratory and
locomotor diseases. EPIMOV Study participants were recruited
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through social networks, folders displayed in the community,
local magazines, and newspapers. In the EPIMOV Study, we
included adults (age ≥18 years) who did not have
cardiopulmonary diseases, locomotor disturbances, known
electrocardiographic abnormalities, or other problems that would
preclude them from safely performing physical exercises.
EPIMOV Study exclusion criteria were regular use of assistive
gait devices, recent respiratory infections, unstable or stable
angina in the last 4 weeks, bradyarrhythmia or tachyarrhythmia,
and abnormalities in lung function evaluated through spirometry.
Thus, we used the participants of the EPIMOV Study in the
sample of this SMART design study. All eligible participants,
consecutively enrolled in the EPIMOV Study, were invited to
participate in this feasibility trial, and upon agreeing to
participate, they were randomized to one of the groups of the
SMART design (Figure 1). In order to be eligible for the
feasibility SMART study, the participants of the EPIMOV Study
were required to be 30 years or older, be digitally engaged with
their smartphones, and have a minimal behavioral change status
(ie, higher than the precontemplative profile) for physical
activity, based on the transtheoric model of behavior change at
baseline [10].

The exclusion criteria for the feasibility SMART study were as
follows: walking an average of ≥10,000 steps/day (assessed by
a triaxial accelerometer) and/or a score of ≥3000 metabolic
equivalents (METs)/min/week in the International Physical
Activity Questionnaire (IPAQ) [11]. We set the limit of 10,000
steps/day since this is a well-recognized threshold for improving
health [12] and more than 3000 METs/min/week in the IPAQ
because it is related to the international recommendation for
physical activity.

Study Interventions

Tailoring Variables
We considered as the primary tailoring variable the increase in
the average number of steps per day in comparison with

baseline. Participants were rerandomized after 12 weeks from
the beginning of the intervention, based on their response to the
first stage of the intervention. In case of reaching the goal in
the first stage, they remained in the same group; otherwise, they
were exposed to a new intervention (Figure 1). The participants
were informed that they would be joining an adaptive trial and
that there was potential for rerandomization if they did not
respond to or use their first intervention condition.

We asked participants to increase their average daily step count
by 2000 steps as much as possible. There is no consensus about
the minimum increase in the number of steps (per day or per
week) related to cardiovascular health improvement, although
one study found that a change by 2000 steps/day was inversely
associated with the risk of a cardiovascular event [13].
Moreover, the American College of Sports Medicine
recommendations on the quantity and intensity of physical
activity suggests an increase of an average of 2000 steps/day
for benefits in cardiovascular health [14].

However, at the very beginning of the intervention (third week
of the sixth participant assessment), we decided not to use the
increase of 2000 steps/day for identifying responders and
nonresponders in order to avoid making participants feel
discouraged or uncomfortable by reaching the goal only a few
times. Thus, the goal for each participant was any increase in
the daily step count compared with the initial assessment. In
this way, to define responders and nonresponders in this study,
we fitted a linear regression for each participant with the
relationship between weeks on the x-axis and the number of
steps per day on the y-axis (Figure 2). Thereafter, we considered
responders as those with any positive slope at the end of the
12-week first stage of the intervention. Those with zero or
negative slopes were considered as nonresponders.
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Figure 2. The method developed in this study to define responders and nonresponders to the smartphone app intervention for physical activity. (A) An
unresponsive participant in the smartphone app only intervention; (B) The same participant after rerandomization to an intervention combining the app
with gamification features.

Group 1

In group 1 (smartphone app only), participants were instructed
to monitor their daily steps using the Pacer app. Additional
instructions on app features were not provided, and encouraging
text messages were not sent. In order to record the average
number of steps per week, initially, participants were instructed
to send a print screen of their step counts every Monday. After

it was possible, we began to collect this information using the
app interface by verifying each participant profile on the app
with their agreement. Participants also received weekly
questionnaires with questions, such as how they felt about that
week, what was the appropriateness of the goal imposed on
them, and how much they would like to remain in the study.
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Group 2

In group 2 (smartphone app + weekly tailored messages),
participants used the app to track the number of daily steps, and
they received weekly text messages on their smartphones with
information about their performance in the previous week and
motivational messages according to their behavior change status
[15]. We prepared a series of 48 messages (24 directed to
participants with a contemplative behavior change profile and
24 directed to those with preparation and action behavior change
profiles). The 24 messages included 12 for those who reached
the goal and 12 for those who did not reach the goal. We sent
the messages on the same weekday using a free app.
Furthermore, the weekly questionnaires were sent in the same
way as in group 1.

Control Group

Participants in the control group were instructed to maintain
their usual routine.

Group 3

In group 3 (smartphone app + weekly tailored text messages +
gamification), in addition to app use and tailored text messages,
participants were instructed to form groups with researchers to
use the functions available in the app as described above. The
researchers in this group acted both as dummy participants and
as social moderators, competing and giving encouragement to
the real participants. Apart from step monitoring and individual
messages, participants were encouraged to join virtual
challenges. For each challenge they completed, they were
rewarded with a virtual badge on the app. Challenges available
were as follows: target number of steps per day, target distance
walked in the month, and group competitions where the total
number of steps was compared among different groups of app
users. In addition, there were rankings of the number of steps
among all users, as well as running challenges.

At the end of the sixth month, there were seven possible ways
of the intervention. These ways were identified as the way in
the control group (one way) and ways with the letters A to F
(six different ways) as follows: A, app only during 24 weeks;
B, app only during 12 weeks and app + tailored messages in
the last 12 weeks; C, app only during 12 weeks and app +
tailored messages + gamification in the last 12 weeks; D, app
+ tailored messages during 24 weeks; E, app + tailored messages
during 12 weeks and app only in the last 12 weeks; F, app +
tailored messages during 12 weeks and app + tailored messages
+ gamification in the last 12 weeks (Figure 1).

Outcomes and Assessments
Study outcomes were assessed at baseline and after 12 and 24
weeks by researchers blinded to group allocation. All researchers
who did the assessments were blinded. The researchers who did
the group allocation, sent messages, and participated in
gamification were not blinded. At each scheduled assessment
period, study measurements were carried out during two visits,
spaced 7 days apart. In all three assessments, participants
repeated the protocol of the two visits. In the first visit,
participants underwent general health screening (clinical and
sociodemographic characteristics), assessment of the behavior
change status for physical activity [15], anthropometric

assessment, lung function assessment, and cardiorespiratory
fitness assessment. At the end of the first assessment,
participants were informed about using the triaxial accelerometer
for the subsequent 7 days for the assessment of the average
number of steps per day. At the end of the first visit, they were
also instructed to install a smartphone app for physical activity
monitoring and to use it throughout the subsequent 7 days, so
that we could establish a personalized goal regarding the
increase in steps per day. In the second visit, they returned the
accelerometer, and we assessed the physical activity levels and
body composition.

Clinical and Sociodemographic Assessments
Baseline assessments included the age, sex, race, and educational
level of the participants. We measured height (m) and body
mass (kg) in all participants. Thereafter, we calculated the BMI

and defined obesity as a BMI30 kg/m2. We also investigated
by self-report the presence of previous diagnoses of the main
risk factors for cardiovascular disease, including systemic
arterial hypertension, diabetes/hyperglycemia, and
dyslipidemia/hypercholesterolemia. A family history of
premature coronary heart disease was defined as myocardial
infarction or sudden death before 55 years of age in the father
or another male first-degree relative, or before 65 years of age
in the mother or other female first-degree relatives. We also
asked participants about current smoking.

Physical Activity Behavior Change Status
We assessed participants’ behavior change status for physical
activity according to a previously validated questionnaire [15].
This questionnaire provides information about the physical
activity habits of the volunteers and the plans to start a physical
activity behavior, which was used to develop personalized
messages, as will be described later.

Sedentary Behavior and Physical Activity Levels
We performed this evaluation with a validated triaxial
accelerometer (ActiGraph GT3X+, MTI) [16]. Participants wore
the device for 7 consecutive days of assessment during the
waking hours. To be considered valid, days of data collection
needed to have at least 10 hours of continuous monitoring,
starting at the moment of awakening. Participants used the
accelerometer until bedtime, except during showering and
aquatic activities. Nonwearing time and the thresholds for the
intensity of physical activity were evaluated as previously
described [17]. We defined wearing time as 24 hours minus
nonwearing time. Periods of zero counts for 60 or more
consecutive minutes were considered as nonwearing time. To
be considered as valid data for analysis, volunteers needed to
use the device for at least 4 days (10 hours/day), including a
weekend day.

The total amount of sedentary behavior was considered based
on the minutes with less than 100 counts/minute (cpm), which
represents <1.5 METs of energy expenditure. We evaluated
sedentary behavior, light-intensity physical activity, and
moderate to vigorous physical activity at baseline and at the
end of the 24-week intervention. The measurements were
calculated in hours per day considering the total wear time and
the number of calendar days of use, as well as in percentage of
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the total time. The thresholds for the intensity of physical
activity were as follows [17]: (1) light physical activity
(100-1951 cpm) and (2) moderate to vigorous physical activity
(>1951 cpm). Physically inactive participants were considered
as those participants with less than 150 minutes/week of
moderate to vigorous physical activity or less than 75
minutes/week of vigorous physical activity [14].

Daily Step Count and Smartphone App
We obtained the baseline average daily step count by using a
smartphone app. Before starting the intervention, we tested
several smartphone apps. Researchers installed on their
smartphones the most popular free physical activity apps with
a step-monitoring function that worked correctly in both Android
and iOS operating systems. After a meeting, we decided to use
the Pacer app. We agreed on this choice based on some features
of this app. First, it handles well on the two most popular
operating systems. Second, it accurately monitors daily steps.
Third, it has gamification features, such as goal setting, rewards,
virtual badges, progress bars, walking/running rankings, and
group formation possibility. Finally, the app has social network
and coaching functions.

Data Analysis

Qualitative Data Analysis
We performed qualitative analysis of the perceptions of all
participants included in the SMART in terms of the protocol
and the use of the app for physical activity. The exchange of
text messages with participants was performed through the free
instant messaging app WhatsApp. We transcribed to text all the
text messages exchanged between participants and researchers.
The proceedings used were adapted from qualitative research
in health [18]. To assimilate the content of the material, we
conducted a free-floating reading of the transcribed material,
followed by an exhaustive reading until recording units were
extracted. Finally, we organized and analyzed the material
according to the literature recommendations.

Conversations with participants via the app occurred two times
a week and were usually initiated by the researcher. The content
of these conversations started with an initial greeting, talked
about the participant’s inclusion, and included instructions on
using the step counter app and instructions on sending a print
screen with weekly steps. Conversations also involved reports

on performance of the participants, health situations, and
difficulties in handling the app, where assistance was provided.
Participants could answer the messages sent by researchers
through text and emojis (message app feature).

Quantitative Data Analysis
Quantitative analysis involved comparison between the slopes
of the average number of steps per day obtained in the first stage
of the intervention (12 weeks) and the second stage (24 weeks).
Because of the small sample size, we chose the following
statistical procedures. We performed a Mann-Whitney test to
investigate the differences in the study groups. We compared
the average number of steps per day at baseline and after 12
and 24 weeks of the intervention using the Kruskal-Wallis test.
We also used an independent samples t test for comparisons
between intervention groups and the control group at baseline
and at the end of the 24-week intervention. Finally, we fit linear
and quadratic regressions both during the first 12 weeks of the
intervention and overall to investigate the behavior of changes
in the average number of steps per day throughout the
intervention. As for the linear trend in the number of steps, we
calculated the slopes for each participant who finished the
protocol (stages one and two) and then compared the median
of the slopes using the Mann-Whitney test. Moreover, we
calculated the median of the weekly number of steps of the five
participants who completed the protocol and compared the
slopes of the step trends between the initial 12 weeks and the
final 12 weeks using analysis of covariance. We used the number
of steps as the dependent variable, the intervention stage as a
fixed factor, and the intervention weeks as a covariate. We set
the alpha level at 5% for all analyses.

Results

In total, we invited 39 participants from the EPIMOV Study.
Among them, 14 were not included (presented a high physical
activity level, ie, >10,000 steps/day or >3000 METs in the
IPAQ) and seven were excluded (two refused to participate,
four reported not using a smartphone in daily life, and one did
not complete the assessments) (Figure 3). Of the 18 participants
randomized, seven in the intervention groups and five in the
control group finished the 24-week intervention protocol (Figure
3). We found no relevant differences between groups regarding
the general characteristics at baseline (Table 1).
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Figure 3. Flow chart of the feasibility sequential multiple assignment randomized trial (SMART) utilized in this study.
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Table 1. General characteristics of the study participants.

PControl groupaIntervention groupsaCharacteristic

.6442 (7)44 (7)Age (years)

.544/14/3Sex (male/female)

.9589 (25)90 (27)Weight (kg)

.391.63 (0.12)1.69 (0.11)Height (m)

.7133.2 (8.9)31.3 (9.0)BMI (kg/m2)

Physical activity

.6855.7 (12.6)55.2 (12.4)Sedentary (h/week)

.2824.7 (6.6)19.9 (5.8)Light intensity (h/week)

.622.55 (1.54)2.95 (1.19)Moderate to vigorous intensity (h/week)

.274170 (2024)3910 (2097)Average number of steps/day

aData are presented as mean (SD) or n/n.

We successfully adopted the SMART design, performed
randomization and rerandomization among all groups, and
delivered the proposed intervention for a feasibility study. The
technology-based intervention allied with the SMART design
may have created conditions to favor participants’ behavior
change. The delivery of tailored messages, identification and
rerandomization of nonresponders, and interaction between
participants and researchers were feasible. The average number

of daily steps was a feasible measure of the level of physical
activity for this study design.

The qualitative analysis showed that participants’ reports could
be classified into the following three categories: (1) difficulties
in managing the app and technology or problems with the
device, (2) good responses to the app, and (3) difficulties in
achieving the goals (Table 2). An example of a
participant-researcher interaction is shown in Textbox 1.

Table 2. Qualitative data results.

Participants’ quotesCategory

I think there’s some problem. It’s zero for some days. Back to normal. [Participant #01, male, 37 years old]

I changed the phone and could not use the app. Do you know how could I restore the data? I tried but couldn’t
do it. [Participant #14, female, 37 years old]

But the data won’t be correct because the app hasn’t been working well, that’s why I don´t have it with me
all the time. When I go out for a walk, it does not work, and at home, it sometimes does. Also, there are some
clothes it doesn’t fit in the pocket… got it? [Participant #11, female, 52 years old]

(1) Difficulties in managing the app
and technology or problems with the
device

This week I’m doing well, I’ve been hiking and running 6k. [Participant #04, female, 33 years old]

I have a friend who would like to [participate], is there any chance? [Participant #07, female, 62 years old]

Still trying to commit me to the goals and my work schedule and the knees... [Participant #09, female, 47
years old]

(2) Good responses to the app

Good morning! I know I have to improve and also that it is a shame these steps, but it’s not because I want
to, unfortunately, if it’s not one thing it’s another but I’ll try. [Participant #04, female, 33 years old]

Good afternoon. Rainy week. Cut me some slack. Hugs. [Participant #06, male, 51 years old]

I didn’t reach the proposed goal, and health is so-so. [Participant #09, female, 47 years old]

And I’ve been very busy with my orders, thank you and have a great day. [Participant #11, female, 52 years
old].

Vacation last week. [Participant #14, female, 37 years old]

(3) Difficulties in achieving the goals

Textbox 1. Example of participant-researcher interaction messages.

Researcher: Good morning! Your average number of steps this week was 8,281/8,208.

Participant #14 (female, 37 years old): Good morning.

Researcher: [emoji reinforcing the participant’s behavior]

Participant #14: [emoji expressing happiness]

Participant #14: I started a bodybuilding program.

Researcher: Cool! Congratulations!
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Only one out of 12 participants achieved the goal of increasing
2000 steps/day in the first 12 weeks of the intervention and
presented a positive slope. Therefore, the participant was
classified as a responder and was not rerandomized. Among
nonresponders, one out of seven participants achieved the goal
in the remaining 12 weeks after rerandomization. On occasions
when the goal was not reached, in 66.7% of responses,
participants reported feeling bad or very bad about it.
Interestingly, in 72% of weekly questions, they reported that
the 2000-step goal was adequate at the time they did not achieve
it. In addition, in 99% of cases, participants reported being
willing to continue the study. In 95% of cases, participants
reported feeling well or very well when they reached the goal
of increasing 2000 steps/week. They also reported performing
physical activities alone 66% of the time. Walking for exercise
and leisure were the most prevalent types of physical activity.

We did not observe significant changes (P=.10) in the average
number of steps per day on comparing baseline, week 12, and

week 24 (Figure 4). Moreover, we found no differences in the
average number of steps per day among groups at baseline
(Table 1) and at the end of 24 weeks of the intervention
(intervention groups: mean 3995, SD 3204 vs control group:
mean 4250, SD 4204). However, we observed that after
rerandomization (week 12), participants tended to change the
slope of the average number of steps per day (from median −198
steps/day [IQR −279 to −103] to median 20 steps/day [IQR
−204 to 145]; P=.08). Comparing the trend of the median
number of steps between the first and second stages of the
intervention in the total sample, we found a relevant inflection
(Figure 5). Considering all 24 weeks of the intervention, we
observed that four out of five nonresponders presented a
quadratic relationship between the average number of steps per
day, with positive inflection after rerandomization (Figure 6).
We observed these results regardless of the sequence of
interventions.

Figure 4. The average number of steps per day at baseline, after 12 weeks of the intervention, and after rerandomization and new intervention adoption
up to 24 weeks of the study protocol.

Figure 5. Linear regressions with the slopes of the relationships between the median number of steps per day of the five participants who finished the
protocol and weeks of the intervention. The slope of the second stage of the intervention (weeks 13 to 24) was significantly different compared with
the first stage of the intervention (P=.02).
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Figure 6. The average number of steps per day throughout the 24-week intervention showing a quadratic relationship in the total sample of participants
who finished the protocol.

As for responders, we identified one participant with a slope
showing an increase of 8 steps/week in the first stage of the
intervention, who maintained a positive slope of 26 steps/week
in the second stage of the intervention. Another participant in
group 1 showed an increase in the number of steps with a slope
of 1341 steps up to the sixth week of the intervention before
dropping out of the study.

Finally, we observed that for three nonresponders from group
2 (smartphone app + tailored messages), a quadratic rather than
a linear regression was better to predict the behavior of the
average number of steps during the first 12 weeks of the
intervention (Figure 7). They showed an increase in the number
of steps up to the sixth week and then presented an inflection
to baseline values or even lower.

Figure 7. Examples of better fit using quadratic regression (A) compared with linear regression (B) for predicting the behavior of weekly changes in
the average number of steps per day.

Discussion

Principal Findings
The primary objective of this study was to investigate the
feasibility of a SMART design for assessing the effects of a

community-based smartphone app intervention to improve
physical activity in insufficiently active adults. We also
described the participants’ perceptions regarding the protocol
qualitatively. Moreover, we aimed to analyze the participants’
responses to the intervention. Supporting the primary purpose,
we observed that this study design was feasible for interventions
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promoting behavior change in physical activity. Furthermore,
multicomponent app-based interventions seem to be more
effective than app-based interventions alone [19].

We showed that the SMART design, in association with
behavior change techniques and technology-based features, is
feasible and shows potential to be effective in promoting more
active lifestyles. The study design worked correctly and called
for participants to experience positive effects on physical activity
levels. Thus, the SMART protocol required adequate planning
and a dedicated interdisciplinary team to deliver the intervention.
Interdisciplinary interventions increase the chances of achieving
the different dimensions of change and sustenance of complex
behaviors, as in physical activity [20].

After we finished this feasibility SMART study, we made
changes to the protocol, and the full trial is ongoing. For the
adaptive intervention trial itself, we will change the way we
recruit volunteers. Initially, we were inviting participants from
another study with a different focus (EPIMOV Study) to be part
of the SMART study. However, we realized that we need to
broadly publicize the SMART study (social media, networks,
and newspapers) to recruit volunteers interested in increasing
their levels of daily physical activity, which we hope will
contribute to decreasing the drop-out rate.

The qualitative analyses showed that participants presented an
excellent response to the app, as well as important issues such
as difficulty in managing the technology and difficulties in
achieving the goals, which could be addressed in a future
large-scale clinical trial. The possibility of interaction with the
team had an essential role among participants. It is interesting
to observe that participants tried to report their difficulties or
their achievements/progress to the researcher. The sensibility
and acceptance of the participants’ demands had an essential
role in the process of behavior change among the participants
of this study. Some people need more support and incentive to
start the change, and some recent evidence showed that
self-efficacy is a potent mediator for improving physical activity,
especially considering meaning in life and peer support [21,22].
The researcher-participant interaction reinforces the positive
effect for the participant trying to change behavior.

Researchers in the field of psychology point out the complexity
and importance of therapeutic alliance research in psychotherapy
[23,24]. Therefore, broadening the understanding of such
variables in intervention programs that seek to change behavior
is relevant. Although it is a topic that needs to be better
understood, we believe that considering the importance of the
quality of the relationship established between the researcher
and participant is a crucial aspect in the process of change of
human behavior.

Smartphone devices and apps provide more awareness than
motivation in practicing physical activity [25]. The interaction
of a participant with a professional evaluator in physical activity
and health brings higher reliability and promotes the overcoming
of physical barriers or geographic isolation. It has been shown
to increase adherence and involvement in physical activity
intervention programs, overcome barriers, and increase
motivation to achieve goals [25]. This intervention proved to
be effective in a 10-week physical training program submitted

through WhatsApp, along with sending encouraging messages
and responses to any questions from participants. Muntaner-Mas
et al proved that it was feasible and had good adherence, even
without the use of behavior change techniques, although the
researchers emphasized the importance of such techniques [26].
This result is in line with our study design, in which we
performed a SMART owing to the adaptive characteristic of
this design.

Furthermore, the availability of researchers allied with the
weekly text messages may have contributed to participants’
adhesion to the intervention since they could stop using the app
or stop monitoring or trying to increase their daily steps.
Although electronic devices and apps are essential tools for
health interventions, real-time feedback is crucial for behavior
change [27].

In a small sample, we found a tendency to increase the average
number of steps per day throughout 24 weeks of the intervention,
especially in the last 12 weeks. Moreover, the tailored messages
seemed to have a positive impact on the physical activity level;
however, our results demonstrated that rerandomization to a
new treatment strategy would be better implemented before 12
weeks of the intervention. These findings confirm previous
research about the importance of the social environment [28,29]
and the use of messages as strategy motivation to increase the
physical activity level [30]. Given that levels of motivation may
vary across the lifespan [31], a combination of strategies to keep
individuals physically active seems to be more effective [32].
Studies have shown that the social environment has an essential
influence on the psychological and behavioral aspects related
to the level of physical activity [33].

Our findings suggest that the rerandomization itself seemed to
play an important role in participants’ behavior, leading to an
inversion of the tendency to decrease physical activity over a
short period. While most participants were not able to achieve
the goal of increasing 2000 steps/day, we observed, intriguingly,
that they reported that this goal was adequate.

After about 3 weeks of the intervention, we decided to redefine
the goal to avoid making participants feel discouraged or
uncomfortable by reaching the goal only a few times. The
importance of goal setting has been discussed in the field of
sports psychology. Weinberg [34] argues that, for setting a goal,
an important principle is that it should be challenging and
realistic. If goals are too complicated, the tendency is that
individuals lose motivation and give up, and if it is too easy and
does not present a challenge, individuals become complacent
and do not reach maximum effort [34].

Thus, the goal for each participant was to increase their daily
steps by any count compared with the initial assessment. This
goal can be an essential strategy to encourage self-regulation,
which plays a vital role in behavior change. Buckley et al [35]
showed that cognitive control abilities play an important role
in the self-regulation of physical activity and sedentary behavior.
Self-regulation may be defined as a process that permits an
individual to guide his activities over time and circumstances.
It consists of the modulation of thoughts, attention, affects, or
behavior by deliberate or automated use of cognition [36].
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In addition, we consider that the presentation of personalized
messages sensitive to the stage of behavior change can generate
a higher positive response and incentive in the search for a goal.
In the initial stage of behavior change, the possibility of the
individual perceiving himself/herself as supported and
encouraged is of fundamental importance for the construction
of a more effective behavior change [37]. Sending automated
messages produced a null effect on increasing physical activity
in patients with type 2 diabetes [38].

Finally, our results showed a decline in the average number of
steps of participants in the first stage of the intervention with
relevant positive inflection in the second stage. However, it is
worth noting that an essential part of the sample that received
personalized messages showed quadratic behavior in the step
trend with an evident decline from the sixth week. These results
suggest that if rerandomization was performed earlier, our results
could have been even more consistent. Our intervention
currently provides for rerandomization in the sixth week.
Adaptations in technology intervention are dynamic and must
be implemented quickly. In this sense, an application with
sufficient artificial intelligence could automate and individualize
the adaptive process to increase physical activity.

Strengths and Limitations
As a strength of our study, we highlight its novelty. To our
knowledge, this is the first study to develop an adaptive
intervention based on behavior change techniques to increase
the level of physical activity in adults. In addition, an
interdisciplinary team was mandatory for the proposed
intervention (ie, behavior change for physical activity). We
showed that the SMART design, in association with behavior
change techniques and technology-based features, is feasible
and shows potential to be effective in promoting a more active
lifestyle. In addition, few participants reported problems using
the app. The Pacer app was useful for step counting, as expected.
Even with limited accuracy, the number of steps taken in the
Pacer app was reproducible and able to predict the distance

traveled during walking [39]. Therefore, continuous monitoring
of the number of steps through the app in this study was
adequate. We were able to conduct the SMART design study,
which required adequate planning and a dedicated team to
deliver the intervention. The study design worked correctly and
called for participants to have positive effects on the physical
activity level. Finally, the qualitative analysis provided relevant
information that may be useful to plan interventions on physical
activity behavior change.

We are aware that the 34% drop-out rate of participants in this
study is a possible limitation. However, this proportion has been
described in other physical activity interventions in primary
health care, even with a shorter intervention period (eg, 12
months) [39-41]. Moreover, we recognize the small number of
participants, which limits pre- and postintervention comparisons,
but this was a feasibility study, and we worked on improvements
before beginning the full trial. Finally, we had no information
about more specific feedback from participants on how they
felt about achieving the increase in the physical activity level
proposed. However, we intend to improve this point by forming
focus groups with participants who go through the design of
the study.

Conclusion
The SMART design was feasible for assessing the effects of a
community-based smartphone app intervention to improve
physical activity in insufficiently active adults. Our results
suggest that rerandomization should be implemented earlier to
take advantage of tailored messages.

Additionally, difficulties with technology and a realistic and
individualized goal should be considered in interventions for
physical activity using smartphones. We found a tendency to
increase the average number of steps per day throughout the 24
weeks of the intervention, especially in the last 12 weeks. The
results from the feasibility study contributed greatly to the final
design of the SMART.
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Abstract

Background: Preschool age is an important time to master fundamental motor skills (FMS) through structured physical activity,
yet many young children lag behind in motor skill development.

Objective: The Promoting Lifelong Activity in Youth (PLAY) study is a pilot comparative effectiveness trial to test the
acceptability, feasibility, and preliminary effectiveness of a mobile app delivered to parents to promote FMS development in
their preschool children (aged 3-5 years).

Methods: We conducted a 2-arm, parallel-design, randomized comparative effectiveness trial in 72 parent-child dyads from
the southeastern United States. Experts in motor development and developmental psychology developed an app designed to
deliver a 12-week program to parents of preschoolers using 1 of 2 curricula: an FMS program (intervention) that involved peer
modeling, parent engagement, and structured skills-based activities and an unstructured physical activity (comparator) curriculum
that provided suggestions for child-led physical activity (ie, free play). Primary outcomes are feasibility and acceptability of the
app and child’s FMS measured at end of intervention (week 12). Exploratory outcomes are child’s objective physical activity,
perceived movement competence, and parent report of self-regulation at the end of treatment (week 12) and sustained outcomes
at follow-up (week 24).

Results: This project was funded in September 2018, with institutional review board approval in August 2018. Data collection
took place from May 2019 through February 2020. To date, the project team has completed data collection on 69 preschool-age
children, and results are expected to be published by 2021.

Conclusions: The PLAY study examines the feasibility and preliminary effectiveness of a mobile app, parent-led curricula to
promote FMS proficiency for preschool children. If found to be effective, the app has the potential for wide-scale dissemination
to parents of preschoolers and to provide a model for the utilization of mobile apps to promote young children’s motor skill
development.

Trial Registration: ClinicalTrials.gov NCT03901300; https://clinicaltrials.gov/ct2/show/NCT03901300

International Registered Report Identifier (IRRID): DERR1-10.2196/19943
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Introduction

Background
Physical activity (PA) is vital to early childhood physical and
mental development [1]. Yet a third of children aged 3-5 years
do not engage in the recommended 3 hours of daily PA [2].
Structured PA promotes the development of fundamental motor
skills (FMS) like running, jumping, or throwing a ball. These
skills are basic, goal-directed movement patterns that provide
a foundation for children to be physically active and competent
movers [3] and enable a child to build the confidence and ability
to be physically active [3,4]. These skills are not innately
acquired and instead must be modelled and practiced for
mastery. Evidence has shown that children must establish a
minimal level of FMS proficiency to continue being physically
active as they age [4-8].

FMS and PA behaviors have a dynamic and reciprocal
relationship [4,7]. Children with higher levels of FMS are more
physically active both during childhood [9-11] and into
adolescence [12-15] compared to those with lower levels of
FMS competency. Research has indicated that the preschool
years are an opportune time for children to learn and reinforce
these skills [16]. With inadequate FMS competency, a child is
less likely to engage in PA based on a lack of prerequisite skills
and abilities that are foundational to FMS [4-8], whereas a child
with adequate FMS competency tends to be more physically
active [17]. Moreover, FMS promote self-regulatory abilities
including managing emotions, focusing attention, and inhibiting
behavior [18]. Behavioral self-regulation is important for
academic readiness [19] and regulating health behaviors that
may also contribute to obesity [20]. Therefore, interventions
for preschool children should focus on developing FMS
competence.

As children and their parents spend a significant amount of time
viewing screens [21], it may be opportune to leverage
screen-time as a tool to increase preschool children’s PA.
Specifically, PA interventions delivered over digital devices,
such as mobile apps, can provide encouragement in real-world
settings for children to be physically active. The use of
mobile-based interventions (eg, on a smartphone or tablet) has
been recognized as a promising avenue to substantially affect
levels of PA, especially in high-income countries such as the
United States [22]. However, few mobile-based interventions
have been developed that specifically focus on increasing PA
in children [23,24], while several weight management apps
include PA as a secondary component [25,26].

Comparable mobile health (mHealth) programs that focus on
increasing PA in preschoolers are promising: A 6-month mobile
app intervention delivered to parents of preschoolers improved
children’s PA, particularly among those with higher fat mass
[27]. A 7-week intervention that involved cognitive behavioral
skills training over text messaging to parents of preschoolers
observed improved PA in the target child, but this intervention
also included face-to-face visits with a counselor [28]. Only
one of these studies delivered the intervention exclusively to
parents, and the PA results were not reported [29]. In a slightly
older age group (6-10 years of age), a mobile-based PA

promotion program (P-Mobile) was delivered to parents and
resulted in increased objectively measured steps/day [30]. The
present intervention, the Promoting Lifelong Activity in Youth
(PLAY) study, is focused on modeling FMS as a way to increase
preschool-aged children’s FMS, PA levels, perceived motor
competence, and academic readiness.

Study Aims
The goal of PLAY is to test a developmentally appropriate
intervention delivered on a mobile app to parents, with the goal
of teaching FMS proficiency to their preschool-aged children
(aged 3-5 years). The specific aims are described in the
following sections.

Aim 1
The first aim is to examine the feasibility and acceptability of
a 12-week FMS intervention delivered through a mobile app to
parents and children.

Aim 2
The second aim is to test the hypothesis that a 12-week FMS
intervention delivered through a mobile app will improve
children’s FMS, compared to the unstructured PA (UPA) app
comparator group.

Exploratory Aim 1
The first exploratory aim is to test the hypothesis that a 12-week
FMS intervention delivered through a mobile app will improve
children’s PA levels, perceived movement competence, and
academic readiness (ie, self-regulation skills), compared to the
UPA app comparator group.

Exploratory Aim 2
The second exploratory aim is to test the potential mediating
or moderating effect of FMS on changes in exploratory
outcomes.

Exploratory Aim 3
The third exploratory aim is to test the hypothesis that the effects
of the FMS intervention will be sustained through week 24.

Methods

Study Design
The PLAY study was designed as an attention-matched
randomized controlled trial, with the intervention arm receiving
FMS instruction and the comparator arm receiving instruction
on UPA. The PLAY study sought to recruit 72 child-parent
dyads (children 3 to 5 years of age), with the goal of 36 dyads
per arm. Parents were targeted to guide the intervention, as
parental support, modeling, and co-participation predict
children’s engagement in PA [31-34]. Pennington Biomedical
Research Center’s Institutional Review Board approved this
study (2018-041).

Sample Size and Power Calculation
The estimated effect size is based on a meta-analysis of FMS
interventions (overall effect size d=0.39) [35,36]. A group size
of 28 dyads/arm was originally planned to provide 80% power
to detect an effect size of 0.33 for change in FMS score at week
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12 (α=0.05). The research team enrolled and randomized 72
parent-child dyads to allow for a ~22% drop out by week 12
(based on previous studies by the multi-primary investigators),
so that there would be at least 28 dyads/group at the end of the
intervention (week 12).

Participants, Eligibility, and Recruitment
Parents of preschool children in a southeastern state of the
United States were recruited between May 2019 and August
2019. Parents were recruited using advertisements via local
childcare centers, community events, email listserv, and social
media. Inclusion criteria for the child were age between 3 and
5 years, physically capable of exercise, and no mobility
limitations that would impair PA based on parent report. Child
exclusionary criterion was gross motor quotient at “gifted” or
“very advanced” based on the Test of Gross Motor Development
- 3rd edition (TGMD-3) [37] at baseline screening; the rationale
was to avoid ceiling effects in the primary outcome. Inclusion
criteria for parents included having a smartphone, willing to
download and use the mobile app, having no plans to move
during the study period (24 weeks), and having no self-reported
mobility limitations that impaired modelling of FMS. Families
were compensated US $25 upon completion of the baseline
visit, week 12 visit, and week 24 visit, for a total of US $75.

Randomization and Blinding
Dyads were randomized in a 1:1 ratio to the FMS or UPA
condition after all baseline assessments were complete. The
statistician (RB) generated a sex-stratified adaptive
randomization taking into account baseline FMS. Investigators
were blinded. Data assessors were blinded at each assessment
visit. Families discovered which condition they were assigned
to following the completion of baseline data collections.

Procedures
After an initial phone screen, eligible preschool children and
parents were asked to attend a screening visit. All study visits
occurred at a local recreational facility or at the biomedical
research center.

Screening Visit
Parents received detailed information about the study and
provided written informed consent. Eligibility measures were
also completed. Parents completed a weekly availability
worksheet to identify available times and opportunities to
practice lessons with their children using the mobile app at least
5 days per week. The preschool child performed the TGMD-3.
TGMD-3 assessments were scored by a trained coder before
the baseline visit to determine eligibility. The child was fitted
for a hip-worn accelerometer (ActiGraph GT3X+BT), and
parents were asked to have their child wear the accelerometer
for 24 hours/day for 7 days while the parent completed a
wear-time log. The parent was present when the child was fitted
for their accelerometer to assist in appropriate placement while
at home; parents were also given informational handouts on
how to complete the parental log and when and how to take the
monitors off.

Baseline Visit (Week 0)
The baseline visit was scheduled within 2-3 weeks of the
screening visit. Parents returned the accelerometer at the baseline
visit. If the child did not have adequate accelerometer wear
during the time period, the parent was asked to have the child
wear the accelerometer for an additional 7 days. Parents
completed questionnaires at the baseline visit, which included
parent and child demographics and child self-regulation. A
trained research assistant measured the child’s height and weight
and conducted the Pictorial Scale of Perceived Movement Skill
Competence for Young Children (PMSC) [38,39].

After the collection of baseline data, the trained research
assistant revealed randomization from an opaque envelope
provided by the statistician. The trained research assistant helped
download the PLAY study mobile app onto the parent’s
smartphone and selected the FMS version or UPA version based
on randomization. The trained research assistant familiarized
the parent with the PLAY study mobile app by using the first
weekly lesson as an example, showing the videos and explaining
the points system.

Follow-Up Visits (Weeks 12 and 24)
The parent and child returned for 2 follow-up visits at 12 weeks
(end of intervention) and 24 weeks (follow-up) after baseline.
The parent was mailed the accelerometer and wear-time log 2
weeks ahead of these visits to provide adequate time for the
child to wear the accelerometer for 7 days. Parents returned the
accelerometer in-person for each visit. At both follow-up visits,
parents completed questionnaires including child self-regulation
and acceptability. Anthropometry, PMSC, and TGMD-3 were
conducted with the preschool child and in that specific order.
A trained research assistant deleted the PLAY study mobile app
from the parent’s smartphone at the week 24 visit.

Intervention

App Development
The PLAY app was developed by research scientists with
expertise in FMS, developmental psychology, and behavior
change and programmed by CyberFision, an app development
company. Because the app is web-based, the app can function
on a smartphone, tablet, or other mobile internet-enabled device.
Parents in both conditions downloaded the PLAY study mobile
app. To standardize the appearance and usability of the mobile
app across the two conditions, one mobile app was created to
house all components of the intervention, with specific features
turned on for each condition (ie, parents of the FMS intervention
did not see the UPA intervention components and vice versa).

Weekly Lessons
Parents in both conditions were instructed to first read the lesson
each week, which detailed the purpose and goals for the activity
breaks, and then to have their child perform the respective
activity break (which was either the FMS or UPA suggested
activities). Parents were asked to have their child engage in the
activity breaks for at least 12 minutes/day, 5 days a week, for
12 weeks. This resulted in a total of 720 minutes of time directed
toward either the FMS or UPA activity breaks. If the child was
unable to obtain 12 minutes in one bout, the parent was asked
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to obtain that total amount within the day (eg, two 6-minute
sessions).

Reminders and Reinforcement Schedule
One-way SMS or text messages were sent 5 times each week
via the mobile app to prompt the parent to read each week’s
lesson (1 time/week) and to prompt the parent and child to
engage in the activity break (5 times/week). Parents selected
times at their screening visit of when they wanted to receive
these reminders. Additionally, a reinforcement schedule was
built into the PLAY study mobile app by a point system in which
the child pressed a star on the screen for each day that they
performed the activity break (5 stars available for each week).
Parents were encouraged to reward their child with
non-food–based rewards such as small toys or non-tangible
items such as a high-five. A new lesson was available every 7
days for 12 weeks for 12 lessons total. Lessons were unlocked
regardless of the number of activity breaks completed; parents
had access to previous lessons but were unable to access future
lessons until the respective week. Research assistants also
monitored parents’ usage of the app weekly by monitoring
whether the parents reported that the child engaged in at least
one activity break through the star reporting system. The
research assistants telephoned the parent when this information
was missing to inquire if there were technical difficulties
accessing the app.

Fundamental Motor Skill (FMS) Condition
The PLAY app provided parents in the FMS condition with
brief instructional lessons, peer modeling videos of FMS, and
peer modeling videos of activity breaks to deliver targeted,
structured FMS instruction time. The FMS condition was built
on a curriculum focused on 6 key FMS (3 locomotor, 3 object
control) that were selected to be challenging but
developmentally appropriate (hop, throw, slide, kick, jump,
catch; each repeated twice). Activity breaks were developed
and tested previously in a preschool-age population,
demonstrating effectiveness to improve children’s motor skill
competence with good adherence [40,41]. Each week’s lesson
included 6 videos; 5 videos (approximately 5 seconds in length)
showed preschool-aged children performing different aspects
of an FMS (eg, stepping with opposition, bending knees). These
series of videos were intended to help the parent select
components of the FMS to focus on to shape the child’s skill
towards mastery [42]. A final video each week (<1 minute in
length) showed children demonstrating activities for the activity
break, which included activities that reinforced the week’s
selected skill. This final video was narrated by children.

For example, on Week 1 Day 1, the parent received a
notification to open the app and access the first themed lesson,
“Hop.” The parent was asked to read a brief instructional lesson
about the targeted FMS (including a description of a proficient
“hop”), view the brief videos of the demonstrated FMS and

suggested activity break activities, and then engage in a
12-minute activity break designed to help the parent model the
skill and provide the preschool child with practice for the
targeted FMS. Given the complexity of each FMS, parents were
given 5 videos of the subcomponents of completing each FMS
and asked to practice the progression that fit the child. For
example, for overhand throwing, the child would practice
winding up, stepping forward with the opposite foot, following
through across their body, and aiming either for distance or
accuracy. Therefore, the child and parent had video examples
of child peers completing these FMS subcomponents. The goal
was to obtain a total exposure of 720 minutes of directed
instruction over 12 weeks, a dosage that aligns with prior
interventions that effectively improved children’s FMS [35,43].

Behavioral scaffolding [44] and social cognitive theory [44,45]
informed the FMS approach. Behavioral scaffolding is a
cognitive learning approach to problem solving that allows
children to master skills beyond his or her current ability [46,47]
and was implemented through video segments of children
performing motor skills that increase in complexity. According
to social cognitive theory, for modeling to effectively elicit
behavior change, the child must undergo a process involving
attention, retention, reproduction, and motivation [44,45]. This
was accomplished through viewing of peers performing and
narrating skills (attention), repeated practice and reminders
(retention), replication of modeled activities (reproduction), and
perceived competence and video and text files providing
intrinsic and extrinsic motivation, respectively (motivation).

Unstructured Physical Activity (UPA) Condition
Parents in the UPA (defined as child-led free play) condition
had access to the UPA lessons and UPA activity breaks to
promote the equivalent amount of UPA time for the child (ie,
720 minutes over 12 weeks). The lessons were adapted to be
developmentally appropriate for preschool children using a
curriculum previously developed and tested based on social
cognitive theory [30]. This comparator arm was selected as it
has shown to increase children’s PA levels [30] but does not
explicitly target FMS or provide structured lessons to parents
on how to model these skills. The following 6 topics were
covered: setting goals, making time for child’s free play, being
active indoors and outdoors (eg, dancing), reinforcing PA,
reducing sedentary behaviors (eg, screen-time), and parental
co-participation. The activity breaks provided specific strategies
to encourage the child’s UPA (eg, take your child to the park
or outside, use your phone alarm to remind your child to be
physically active) with an accompanying video narrated by an
adult that read aloud the lesson and featured photos depicting
images that aligned with the lesson (eg, a photo of a park). There
were no children featured in the photos so that the UPA group
did not receive any peer modeling. Features of each condition
may be found in Table 1.
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Table 1. PLAY app: features of each condition.

Unstructured physical activity (PA)Fundamental motor skills (FMS)Features

720 minutes of unstructured PA over 12 weeks (12 min-
utes/day, 5 days/week)

720 minutes of directed instruction on FMS over 12 weeks
(12 minutes/day, 5 days/week)

Child physical activity

Parent reads lesson on PA support once a week (eg, how
to make time for PA)

Parent reads lesson once a week on each targeted FMS (eg,
description of a proficient “hop”)

Parent lesson

NoneParent and child watch video of peers modeling each tar-
geted FMS (eg, a child performing a “hop”)

Peer modeling videos

Activity breaks of unstructured PA (eg, take child to the
park, play songs for a dance party)

Practice, modeling, and reinforcement of each targeted
FMS (eg, hopping game)

Activity break

Once per week to notify of lesson availability; 5 times per
week to prompt each 12-minute activity break

Once per week to notify of lesson availability; 5 times per
week to prompt each 12-minute activity break

Push notifications

Point system reinforcement schedulePoint system reinforcement scheduleRewards and reinforcement

Measures

Primary Outcomes
Feasibility was measured as adherence to the mobile app
intervention, including objective data on the number of lessons,
videos, and activity breaks accessed, and self-reported frequency
of interaction with the app through the reinforcement schedule
(ie, star reporting system). These data were provided on an
ongoing basis by CyberFision. Acceptability was captured at
weeks 4, 8, and 12 with an in-app parent survey that assessed
satisfaction with the intervention in 4 domains (overall
satisfaction, helpfulness, ease of use, and perceived change in
child’s motor skills) using a Likert-type scale. The System
Usability Scale [48] and a satisfaction scale [49] were completed
by the parents at the week 12 and 24 assessment visits.
Additional usage data were captured via weekly parent surveys
embedded within the app: the context of the activity breaks
including the parent’s location, the child’s location, and who
participated (weeks 1, 5, 9); barriers to performing the activity
breaks and the use of equipment during the breaks (weeks 2, 6,
10); and engagement with the mobile app (weeks 3, 7, 11).

FMS were assessed using the TGMD-3, a direct observation
assessment used with children aged 3-10 years [37]. The
TGMD-3 is a process-oriented and product-oriented assessment
to evaluate FMS performance in 2 subscales: locomotor (run,
gallop, one-legged hop, skip, jump, and slide) and ball skills
(two-hand strike, one-hand strike, catch, kick, dribble, overhand
throw, and underhand throw). By design, these include skills
targeted in the intervention. Previous research has demonstrated
that the TGMD-3 is a valid and reliable assessment tool [50,51].
Assessments were filmed in an open space and coded by trained
research assistants blinded to the purpose of this project. An
FMS expert (EKW), who previously attained 99% reliability
coding with the author of the TGMD-3 assessment, coded the
administrations and was blinded to the experimental condition
of the participants.

Exploratory Outcomes
To measure PA, the child was asked to wear an Actigraph
GT3X+BT accelerometer for 7 days on the right hip, which has
been previously validated in preschool children [52]. Minimal
wear time was accepted as 4 days at ≥10 hours/day (≥1 weekend

day) and 15-second epoch length [53] were used. Cutpoints by
Pate et al [52] were used to classify moderate and vigorous PA,
and cutpoints by Evenson et al [54] were used to classify
sedentary time.

The PMSC [38] was used to examine the child’s perceived
movement competence on the 13 skills assessed with the
TGMD-3 and took approximately 10 minutes for the child to
complete. Previous research has established validity and
reliability with this scale in this age range [39].

Self-regulation skills were reported by the parent using the

Devereux Early Childhood Assessment, 2nd Edition, which is
a 38-item proxy report with good validity and reliability to
measure self-regulation and behavioral concerns in children
aged 3-5 years [55].

Descriptive Characteristics and Potential Covariates
For anthropometry, height and weight were measured using a
stadiometer and portable scale, respectively, without shoes, and
recorded to the nearest 1.0 cm and 0.1 kg, respectively. A third
measurement was taken if the 2 measurements differed by more
than 0.5 units. BMI z-score was calculated [56].

To collect sociodemographic data, parents reported information
on child and parent age, sex, race/ethnicity, parental education,
family structure, childcare or away-from-home care, home
environment [57], and household income. To collect health
behavior information, parents reported the child’s screen use,
sleep, and prior experience of the preschool child and parent
with mobile apps. The parent also completed a short
questionnaire related to child diet, including intake frequency
of specific food groups (high fat foods and sugary drinks), that
has been previously validated in this age range [58].

Statistical Analysis
Intent-to-treat analyses will be used to include all participants
with baseline and at least one follow-up value. Additional
analyses will be conducted per protocol based on intervention
adherence. Final selection of covariates included in the models
will be based on model fit statistics, such as AIC.

Aim 1
Initial results for feasibility, broken down separately for number
of lessons and videos accessed, activity breaks accessed, and
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frequency of interaction, will be expressed using contingency
tables. Rates, based on a generalized linear model with a Poisson
distribution, will be used to both adjust for covariates and
compare the 2 versions of the app (FMS vs UPA). Each of the
4 domains of acceptability will be treated independently and
considered as a continuous response, analyzed with a linear
model for covariate and app effects.

Aim 2
FMS results will be estimated using a linear mixed effect model
with the baseline and follow-up scores at week 12 (end of
intervention) and week 24 (end of study) as the outcome. This
model will use random effects to account for the correlation in
a participant over time. Results from the model will be reported
as least square means, with P values based on t tests.

Exploratory Aims
PA levels, perceived movement competence, and self-regulation
will be analyzed similarly as for Aim 2. FMS will be tested as
a potential mediator and moderator. Mediations will investigate
how the covariates affect the relationship between the condition
and each outcome variable (for the exploratory analyses, these
include PA levels, perceived movement competence, and
academic readiness or self-regulation). Mediation analyses will
be applied using both structural mean models and principal
stratification [59].

Sustained effects will be estimated using a similar linear mixed
model as described in an earlier section. However, time will be
considered a continuous covariate in order to estimate the rate
of sustained effect. This allows the interaction of app and time
to test for rate differences between the 2 apps on outcomes of
interest through the follow-up at weeks 12 and 24 (separate
models conducted for each dependent variable measured
continuously over time: FMS, PA levels, perceived movement
competence, and self-regulation).

Results

This project was funded from September 2018 through 2021
by the Eunice Kennedy Shriver National Institute of Child
Health and Human Development of the National Institutes of
Health. Pennington Biomedical Research Center’s Institutional
Review Board approved this study in August 2018. Recruitment
occurred between May 2019 and August 2019. Accordingly,
data collection happened from May 2019 through February
2020, including all baseline, week 12, and week 24 visits. To
date, the project team has completed data collection on 69
parent-child dyads and is currently analyzing the primary and
exploratory outcomes. Results of the current study are expected
to be published in 2021.

Discussion

PLAY is a parent-targeted, theoretically grounded, mobile-based
intervention designed to teach parents how to model, support,
and guide their preschool-aged children’s FMS competence.
The scientific premise for the protocol is based on: (1) evidence
showing that children must establish a minimal level of FMS
proficiency to continue participating in PA opportunities as they

age [4-8]; (2) longitudinal data linking FMS proficiency in
childhood with higher levels of PA and lower adiposity 4 y later
[15] and into adolescence [12], including an FMS intervention
that increased preschoolers’ PA [60]; (3) the lack of published
mHealth interventions that specifically focus on parents of
preschool-aged children or on PA promotion or FMS
development; (4) the mixed results of prior mHealth
interventions, which are at least partially attributable to previous
efforts failing to fully capitalize on behavior change theory and
maintain treatment intensity; and (5) the desire of parents to
have family-focused interventions that are convenient to access
[61].

Unlike other interventions that are primarily in childcare settings
[11,62], this intervention utilizes parents to deliver the FMS
curriculum, as parents serve an important role to enable early
PA behaviors [63]. Previous work in low-income populations
found that some of parents’ PA was related to their preschool
children’s PA, providing more evidence that these behaviors
could be modeled from parent to child [64]. Given the ubiquity
of digital devices in parents’ and children’s daily lives [21], this
study will leverage this existing screen-time and mobile app
use to promote FMS development and healthy development in
children.

The use of a mobile app to deliver the intervention offers the
unique opportunity to distribute evidence-based content in a
succinct and easily accessible manner to parents. This mode of
delivery directly to the hands of the parent offers many
advantages compared to receiving this instruction at in-person
classes or health clinics, reducing barriers such as transportation,
time commitment, and other family priorities [65]. The app
offers ecological validity, so the child is practicing FMS and
engaging in PA in the real-world setting of their own home
rather than in a research laboratory. Further, the curriculum
delivered on the mobile app is grounded in behavior change
techniques, such as behavioral scaffolding and peer modelling,
whereas many other mobile apps incorporate few behavior
change techniques to shape behaviors [66]. Apps also offer the
opportunity to incorporate real-time feedback through wearable
devices, such as step counters and accelerometers, which are
growing in popularity and acceptability by parents [67] but may
or may not be acceptable or feasible for preschool-aged children.

One of the key strengths of using a mobile app is the opportunity
for dissemination and implementation (ie, scaling up the
intervention). The mobile app may be readily updated from
parents’ feedback and thereby adapted in a timely manner. This
adaptability allows the study to bypass challenges in
dissemination and implementation commonly presented in
school and health care interventions, such as structural and
personnel limitations. For example, the PLAY study mobile
app delivers lessons that require little to no equipment and
provides lessons directly to the parent and child. These two
components decrease the potential for organizational challenges,
along with hiring and training personnel to implement the
intervention. Additionally, mobile apps allow accessibility to
families and individuals living in rural areas where access to
appropriate curriculum and health-enhancing activities is limited.
A FMS curriculum delivered on a smartphone app is an
innovative and potentially acceptable way to create a social
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learning environment that can benefit young children and their
parents from their homes.

There are potential limitations to the PLAY study. The parents
were provided with videos that demonstrate each level of FMS
progression divided into skill components and expected to
determine their child’s ability and adjust the activities for their
child’s current FMS level. An important consideration is that
previous studies indicate parents do not provide a valid report
of their child’s FMS [68,69], which may lead to parents
delivering content or curriculum that is not developmentally
appropriate for their child. While the study outcome data on
FMS were collected using a valid and reliable test and scored
by a trained expert, future iterations may share these data
directly with the parent to assist their intervention delivery.

One challenge is potential malfunction of the mobile app that
can influence delivery and lesson implementation during the
trial. The research study team conducted usability testing prior
to use and also contacted parents with technical support if they
did not engage with the mobile app (via reporting participation)
at least once per week. This communication was intended to
allow any mobile app errors to be found in real-time and quickly
addressed. Another limitation is a concern in app research, which
is differentiating between adherence to protocol (ie, completing

the activity breaks) and engagement with the mobile app (ie,
opening and utilizing the mobile app) [70]. This study used
mobile app data (eg, viewing videos) as objective measurements
of utilization of the app, but adherence to the protocol was
limited to parent-report based on the family selecting stars each
week to indicate completed activity breaks. Finally, as these
data were collected in the southeastern United States,
generalizability of the results of this feasibility study will be
limited to this region. Future work will be needed to assess the
feasibility in different regions, as well as to examine the
effectiveness of this intervention in different subgroups (eg,
sex, race/ethnicity, income level).

Overall, parents and preschool children spend much of their
time using screens, and this existing screen-time may provide
an opportunity to deliver beneficial and developmentally
appropriate content to enhance FMS proficiency in young
children. The PLAY study examines the feasibility and
preliminary effectiveness of a mobile app and parent-led
curricula to promote FMS proficiency for preschool children.
If found to be effective, the app has the potential for wide-scale
dissemination to parents of preschoolers and to provide a model
for the utilization of mobile apps to promote young children’s
motor skill development.
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Abstract

Background: Chronomodulated chemotherapy aims to achieve maximum drug safety and efficacy by adjusting the time of
treatment to an optimal biological time as determined by the circadian clock. Although it is a promising alternative to conventional
(non–time-stipulated) chemotherapy in several instances, the lack of scientific consensus and the increased logistical burden of
timed administration limit the use of a chronomodulated administration protocol.

Objective: With the goal to increase scientific consensus on this subject, we plan to conduct a systematic review of the current
literature to compare the drug safety and efficacy of chronomodulated chemotherapy with those of conventional chemotherapy.

Methods: This systematic review will comply with the PRISMA (Preferred Reporting Items for the Systematic Reviews and
Meta-Analysis) guidelines. In order to identify relevant studies, we conducted a comprehensive search in PubMed and Embase
on May 18, 2020. We included clinical studies that compare either the safety or efficacy of chronomodulated chemotherapy with
that of conventional chemotherapy. Potential studies will be reviewed and screened by 2 independent reviewers. Quality assessment
will be performed using the National Institutes of Health’s Study Quality Assessment Tool (Quality Assessment of Controlled
Intervention Studies). Disagreements will be resolved by consulting a third independent reviewer.

Results: This protocol has received funding, and the search for studies from databases commenced on May 18, 2020. The
systematic review is planned to be completed by October 31, 2020.

Conclusions: In this systematic review, we will compare drug safety and drug efficacy for cancer patients who were administered
either chronomodulated chemotherapy or conventional chemotherapy. Moreover, we will highlight the outcomes and quality of
the selected trials for this review.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42020177878;
https://tinyurl.com/y53w9nq6

International Registered Report Identifier (IRRID): PRR1-10.2196/18023

(JMIR Res Protoc 2020;9(10):e18023)   doi:10.2196/18023
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Introduction

Circadian rhythms (circa: about, dia: a day) organize biological
functions in living organisms around an approximate 24-hour
period to adjust organ and tissue physiology to the ever-changing
demands of day and night [1]. Controlled by a molecular
clockwork, they drive oscillations in a broad range of biological
processes, ranging from the cellular level (eg, cell cycle
regulation [2] and cellular metabolism [3]) to whole body
physiology (eg, liver and renal activity [4]), which can therefore
greatly affect drug responses [5].

Chemotherapy is used to treat many cancers and involves
administration of cytotoxic drugs that either kill or interfere
with the proliferation of rapidly dividing cells. The principle of
conventional chemotherapy is to increase the chemotherapy
dose until maximum cytotoxicity occurs and a maximum
tolerated dose is reached. However, as both malignant and
normal cells are affected, severe toxicities are often developed,
in turn leading to interruption of chemotherapy treatments and
decreased survival rates [6]. Therefore, finding ways to increase
efficacy and reduce side effects would greatly improve cancer
therapy potential.

The molecular mechanisms involved in regulating
pharmacological processes such as drug absorption, distribution,
metabolism, and excretion are controlled by the circadian clock.
The clock thereby determines when the anticancer drug
treatment should ideally be delivered as it controls the drug’s
elimination and detoxification, affecting the efficacy and toxicity
on tumor cells and healthy cells, respectively [7]. In addition
to this, the sensitivity of molecular drug targets shows diurnal
variations [7]. The tolerability of more than 40 anticancer drugs
such as oxaliplatin have demonstrated a 10-fold variability in
rodents as a function of dosing time [7]. Anticancer drugs have
shown to have a 24-hour variability in drug toxicity as well as
improved efficacy and tolerability in rodents kept in alternate
exposure to 12h light and 12h darkness (LD12:12) [7]. The
circadian rhythms of both drug toxicity and efficacy are defined
in preclinical studies, and the optimal circadian time from
rodents is extrapolated and translated to the most suitable time
to administer chemotherapy according to the human’s circadian
rhythms [8]. Together, these findings have led to the
investigation of the time-dependent changes in the efficacy and
safety of anticancer drug therapies [7].

Chronomodulated chemotherapy aims to exploit the circadian
variation in drug response by administering anticancer drugs at
specific times of the day, thereby hitting cancer cells when they
are most vulnerable or normal cells when they are least
vulnerable [9,10]. The terms chronomodulated and
circadian-based have been used to describe similar strategies
using parenteral or oral administration. For the sake of clarity,
we will use the term chronomodulation for all therapeutic routes.

The goal of chronomodulated chemotherapy is to minimize
toxic side effects while promoting the maximum achievable
efficacy of the chemotherapy regimen to improve the cancer

patients’ quality of life, survival time that is based on the
different circadian rhythms of DNA synthesis, and cell growth
between tumor and normal cells [11,12]. The impact of circadian
rhythms on the outcome of cancer therapy has been the subject
of several clinical trials over the past two decades. While
conventional chemotherapy generally consists of constant-rate
drug delivery, chronomodulated chemotherapy is administered
as a variable rate infusion with peak drug delivery times set to
vary according to circadian time or delivery restricted to specific
time windows [13].

To date, several studies have established the association between
circadian disruption caused by shiftwork and increased cancer
risk [14-17]. In 2007, the International Agency for Research on
Cancer classified “shiftwork that involves circadian disruption”
as a probable carcinogenic risk [18]. Furthermore, both cancer
and chemotherapy have been found to disturb circadian
rhythmicity independently of each other [19]. These factors
may be causing interpatient variability of circadian rhythms to
a yet unknown extent. This leaves room for the exploration of
optimizing chronotherapy by adjusting administration time to
each patient’s individual circadian clock.

Although chronomodulated chemotherapy is a promising avenue
of research that could contribute significantly to improve
existing and future cancer treatments, no medical consensus has
been reached to implement chronomodulated chemotherapy
regimens, and conventional chemotherapy is most often
administered in accordance with the hospital schedule and staff
working hours [10]. Before this approach is integrated into
clinical practice, its benefits must be adequately supported with
evidence from well-designed randomized clinical trials.

This systematic review will evaluate the findings of randomized
controlled trials (RCTs) that compare the safety and efficacy
of chronomodulated chemotherapy with those of conventional
chemotherapy administration in adult cancer patients.

Methods

The systematic review and its protocol will comply with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) guidelines [20].

Inclusion and Exclusion Criteria
Studies in English, Dutch, or German will be included in the
systematic review. Clinical trials that compare the safety or
efficacy of chemotherapy administered to adult cancer patients
in accordance with conventional and chronomodulated
chemotherapy regimens will be included. Only RCTs will be
included in the systematic review. There will be no restrictions
on inclusion of studies by time frame or type of setting. We will
provide a list of all excluded clinical trials as a supplemental
file.

Participants
Adult patients (≥18 years old) of all ethnicities and genders that
are diagnosed with any type of cancer will be included. No
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restrictions will be imposed with respect to participants having
received other treatment prior to inclusion in the trial.

Interventions
RCTs that compare the clinical safety or efficacy of
chemotherapy administered according to circadian delivery
schedules with standard delivery schedules will be included.
Single agent and combination chronotherapy regimens delivered
through oral administration, bolus injection, or infused according
to a flat or sinusoidally chronomodulated schedule will be
included. In addition, trials with concomitant radiotherapy will
be included in this systematic review.

Outcome Measures
The outcome of this systematic review will be analyzed as per
the following measures.

Safety
This will include changes in chemotherapy administration, like
a delay or a reduction of chemotherapy treatment, maximum
tolerable dose, termination of treatment, or early withdrawal
from the clinical trial. Toxicity will be assessed by either of the
following toxicity grading scales: World Health Organization
standard toxicity criteria [21], Common Toxicity Criteria [22],
Eastern Cooperation Oncology Group criteria for toxicity [23],
Radiation Therapy Oncology Group criteria [24], and
Gynecologic Oncology Group standard toxicity criteria.

Efficacy
This will include objective response rate (also known as
response rate), disease control rates, progression free survival,
and overall survival, taking into account salvage therapies if
reported. In the case of neoadjuvant and adjuvant studies,
efficacy will be measured by recurrence rate and disease-free
and overall survival.

Search Strategy
Studies published on or before May 18, 2020, were identified
by performing a comprehensive search in PubMed and Embase
(Elsevier). A literature search strategy was developed in
collaboration with an information specialist from Utrecht
University unconnected to this study. The search strategy was
composed of the following terms and their synonyms: cancer,
circadian rhythms, and chemotherapy. For chemotherapy,
alongside its synonyms, specific terms for chemotherapy classes,
individual drug names, and brand names were included. The
World Health Organization’s list of essential medicines 2019
[25] was utilized to confirm inclusion of all essential
chemotherapies. Appropriate MeSH (Medical Subject Headings)
and Embase subjects headings (Emtree terms) were added to
the search strategy for PubMed and Embase searches,
respectively. No limits on publication dates were imposed on
the search. The search results were narrowed down to show
only articles in English, Dutch, or German, due to resource
limits. For Embase, conference abstracts were filtered from the
search results. The complete search is listed in Multimedia
Appendix 1. The reference lists of all selected articles were
handsearched, and their titles and abstracts will be assessed
based on the inclusion and exclusion criteria.

Study Selection
The appropriate references and trials for the review will be
deduplicated in Endnote (Clarivate Analytics) and afterwards
uploaded to Rayyan [26] to be screened on title and abstract
and will be reviewed independently by 2 different reviewers
(ABK and MIP). Disagreements will be resolved by consulting
a third independent reviewer (LWL). Full texts that contain
studies that could be suitable for the systematic review will be
screened based on the inclusion and exclusion criteria. If there
is no full text available for a relevant trial, the corresponding
author(s) will be contacted in order to request it.

Risk of Bias and Quality Assessment
The quality and the risk of bias for selected trials and studies
will be assessed using the Quality Assessment of Controlled
Intervention Studies tool from the National Heart, Lung, and
Blood Institute [27]. All included studies will be categorized
as being of good, fair, or poor quality. Studies judged as being
of poor quality will be excluded from this review. The risk of
bias and quality assessment will be performed by 2 reviewers
(ABK and MIP). Any inconsistencies between the 2 reviewers
will be resolved by consulting a third reviewer (LWL).

Selective reporting within studies will be assessed by verifying
if a protocol was published for each included study and
evaluating whether all specified outcomes were published. Other
possible risks of meta-bias such as publication bias will be
discussed appropriately.

The confidence in the cumulative evidence obtained will be
assessed using GRADE (Grading of Recommendations,
Assessment, Development and Evaluations) [28] for each
primary outcome measure.

Data Extraction
A data extraction sheet will be developed to store information
about the selected studies and trials. Each paper will be assessed
independently by 2 reviewers (MIP and ABK) to reduce bias.
Data from the selected studies and trials will be extracted
independently by the 2 reviewers. The data extraction form will
be made and piloted before final implementation by both
reviewers. The following parameters will be extracted:

1. Publication information: authors, year, country, and journal.
2. Study information: trial size, subject characteristics, type

of cancer, duration and frequency of follow-up,
chemotherapy, and trial objectives.

3. Treatment information: type of treatment schedule for each
patient.

4. Primary outcome variables: efficacy (objective response
rate, overall survival, and progression-free survival);
toxicity (incidence of side effects and severity of side effects
based on either World Health Organization’s standard
toxicity criteria [21] or the National Cancer Institute’s
Common Terminology Criteria for Adverse Events [22]).

5. Secondary outcome variables: efficacy (disease control rate,
reduction in tumor marker, complete response, pathological
complete response, disease-free survival, event-free
survival, recurrence rate, reoperation rate, rate of
microscopically complete resection, time to progression of
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cancer symptoms, subjective tumor-related symptoms,
minimal residual disease, metastasis-free survival); toxicity
(duration of side effect, reversibility of side effect, dose
limiting toxicity, treatment modifications, treatment delays,
and treatment discontinuations); efficacy and toxicity
(quality of life, time to treatment failure).

All factors influencing toxicity and efficacy will be explored
appropriately. In order to compare the endpoints in both study
arms, we will collect the corresponding hazard ratios, relative
risks, risk differences, mean/median differences, and their
statistical significance, as far as availability allows.

Amendments
Any amendments made to the protocol will be documented in
PROSPERO (the International Prospective Register of
Systematic Reviews) by MIP. The methods section of the
systematic review will include a summary of any protocol
amendments accompanied by date and rationale.

Results

The search for the relevant studies on databases was performed
on May 18, 2020. The systematic review is intended to be
completed and ready for submission for publication by October
31, 2020.

Discussion

This systematic review will have some limitations that will be
discussed appropriately. The exclusion of papers not written in
English, Dutch, and German may inhibit the identification of
all important findings, and this will be taken into consideration
in the discussion of the systematic review. However, the
database searches of the appropriate studies will be extensive
to ensure the required studies are captured for the systematic
review.

We will produce a table with patient characteristics, including
gender, age, ethnicity, and different cancer types. In this table,
we will also include the type of chemotherapy used in the trial,
the dose and half-life of these cytotoxic drugs, any significant
differences between the conventional and chronomodulated
chemotherapy treatment groups, optimal delivery time to
administer the chemotherapeutic drug of choice, and the
treatment group that produces the least side effects. In case of
a sinusoidal infusion schedule, we will also state the circadian
timing system function. The selected studies included in this
review will provide information required to conclude whether
chemotherapy regimens should be administered in accordance
with the circadian clock and highlight the findings and quality
of reporting these particular clinical trials. This systematic
review will provide vital information on drug safety and drug
efficacy in cancer patients administered chronomodulated
chemotherapy versus conventional chemotherapy.
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Abstract

Background: Chronic pain is a global health problem, affecting around 1 in 5 individuals in the general population. The
understanding of the key role of functional brain alterations in the generation of chronic pain has led researchers to focus on pain
treatments that target brain activity. Electroencephalographic neurofeedback attempts to modulate the power of maladaptive
electroencephalography frequency powers to decrease chronic pain. Although several studies have provided promising evidence,
the effect of electroencephalographic neurofeedback on chronic pain is uncertain.

Objective: This systematic review aims to synthesize the evidence from randomized controlled trials to evaluate the analgesic
effect of electroencephalographic neurofeedback. In addition, we will synthesize the findings of nonrandomized studies in a
narrative review.

Methods: We will apply the search strategy in 5 electronic databases (Cochrane Central Register of Controlled Trials, MEDLINE,
EMBASE, PsycInfo, and CINAHL) for published studies and in clinical trial registries for completed unpublished studies. We
will include studies that used electroencephalographic neurofeedback as an intervention for people with chronic pain. Risk-of-bias
tools will be used to assess methodological quality of the included studies. We will include randomized controlled trials if they
have compared electroencephalographic neurofeedback with any other intervention or placebo control. The data from randomized
controlled trials will be aggregated to perform a meta-analysis for quantitative synthesis. The primary outcome measure is pain
intensity assessed by self-report scales. Secondary outcome measures include depressive symptoms, anxiety symptoms, and sleep
quality measured by self-reported questionnaires. We will investigate the studies for additional outcomes addressing adverse
effects and resting-state electroencephalography analysis. Additionally, all types of nonrandomized studies will be included for
a narrative synthesis. The intended and unintended effects of nonrandomized studies will be extracted and summarized in a
descriptive table.

Results: Ethics approval is not required for a systematic review, as there will be no patient involvement. The search for this
systematic review commenced in July 2020, and we expect to publish the findings in early 2021.
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Conclusions: This systematic review will provide recommendations for researchers and health professionals, as well as people
with chronic pain, about the evidence for the analgesic effect of electroencephalographic neurofeedback.

Trial Registration: International Prospective Register of Systematic Reviews (PROSPERO) CRD42020177608;
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=177608

International Registered Report Identifier (IRRID): PRR1-10.2196/22821

(JMIR Res Protoc 2020;9(10):e22821)   doi:10.2196/22821

KEYWORDS

EEG neurofeedback; chronic pain; meta-analysis; systematic review

Introduction

Background
Chronic pain is estimated to affect up to 50% of the adult
population [1,2], and 10% to 20% experience clinically
significant chronic pain [3]. Chronic pain is defined as ongoing
or recurrent pain, lasting for at least three months [4,5]. It is
often associated with functional limitations and psychological
distress [4,6], resulting in a decreased health-related quality of
life [7,8]. Chronic pain may result from an ongoing pathology
(eg, cancer), damage to the central nervous system (eg, stroke
and spinal cord injury) or peripheral nervous system (eg, diabetic
neuropathy), tissue degeneration (eg, arthritis), and other pain
syndromes with unknown pathologies (eg, fibromyalgia and
complex regional pain syndrome).

The understanding of the critical role of maladaptive functional
brain changes in the development and maintenance of chronic
pain has led researchers to focus on pain treatments that aim to
modulate brain activity [9,10]. Previously, neurosurgical
methods, such as cordotomy and thalamotomy, were considered
to be effective in the control of abnormal brain activity, such
as increased theta frequency power, resulting in a significant
pain reduction [11,12]. However, these types of surgery are
costly, highly invasive, and associated with major complications
such as cognitive impairment. In the past few decades,
noninvasive brain stimulation techniques including transcranial
direct current stimulation, cranial electrotherapy stimulation,
and repetitive transcranial magnetic stimulation have been used
to reduce pain by aiming to alter the maladaptive brain activity
associated with chronic pain. However, there is insufficient
evidence to support the efficacy of these approaches on chronic
pain [13,14]. More recently, electroencephalographic (EEG)
neurofeedback using brain-computer interface technology has
been developed to target the maladaptive brain activity
underlying chronic pain [2,15].

Description of EEG Neurofeedback
The goal of EEG neurofeedback is to modulate the targeted
maladaptive EEG frequency powers to decrease chronic pain
[2,15,16]. Surface EEG is recorded from 1 or more electrode
sites, depending on the specific pain condition, often from the
sensorimotor cortex [17]. The targeted frequency powers are
extracted and processed in real time, then presented to the
individual as visual or auditory feedback, or both [16,18]. For
example, it has been shown that individuals with chronic
neuropathic pain have increased theta and reduced alpha
frequency power compared with healthy individuals without

chronic pain [19,20]. In this case, EEG neurofeedback is used
to suppress theta and reinforce alpha frequency power [2,16].
Using this EEG neurofeedback protocol, individuals can learn
to regulate their abnormal brain activity in a way that reduces
their chronic pain [2,16].

Previous Reviews and Rationale
Previous systematic reviews about the effect of EEG
neurofeedback on chronic pain have mainly focused on specific
pain conditions such as fibromyalgia [21,22] or cancer-related
pain [23]. The results of these systematic reviews were
inconclusive due to the limited data. While a recent review
found a medium effect size of pain reduction favoring
neurofeedback interventions in chronic pain, it included studies
using functional magnetic resonance imaging-based
neurofeedback [24]. Combining the results for 2 different
methodologies makes it difficult to evaluate the analgesic effect
of a specific intervention.

Our planned systematic review will cover all forms of chronic
pain and include only EEG-based neurofeedback interventions
to increase the likelihood of conclusive evidence about the
analgesic effect of EEG neurofeedback. Although inclusion of
a wide variety of pain conditions will increase the heterogeneity
of the pooled data, the larger sample size will substantially
improve the meta-analytic power. In order to distinguish the
effect of EEG neurofeedback on different chronic pain types,
such as neuropathic and nonneuropathic pain, we will conduct
a subgroup analysis (see the Subgroup and Sensitivity Analysis
subsection below). Review findings will inform researchers and
health professionals, as well as people with chronic pain, about
the analgesic effect of EEG neurofeedback. In addition, this
review can help to identify any gaps in previous studies and
provide direction for future research.

Objectives
The primary objective of this systematic review is to evaluate
the evidence for the analgesic effect of EEG neurofeedback for
people with chronic pain. The secondary objective is to
investigate the effect of EEG neurofeedback on depressive
symptoms, anxiety symptoms, and sleep quality. Further, as an
additional objective of this systematic review, we will include
the reports of adverse events and resting-state EEG analysis for
a narrative review.
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Methods

Review Registration
This systematic review protocol is prepared according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocols (PRISMA-P) 2015 guidelines [25,26].
Multimedia Appendix 1 is the PRISMA-P checklist. This
systematic review is registered in the International Prospective
Register of Systematic Reviews with registration number
CRD42020177608.

Types of Participants
We will include studies of participants with chronic pain,
defined as persistent or recurrent pain for more than 3 months
[4]. There will be no restriction on age or sex of the participants
in the included studies.

Types of Intervention
We will include studies that investigate the analgesic effect of
EEG neurofeedback for people with chronic pain, regardless of
the number and duration of intervention sessions, the EEG
neurofeedback protocol, and the targeted brain region.

Types of Outcome Measures
The primary outcome measure is pain intensity. Pain intensity
may be assessed using a self-report rating scale such as the
visual analog scale or the numeric rating scale. Studies that used
other scales will also be included.

The secondary outcome measures are depressive symptoms,
anxiety symptoms, and sleep quality. Depressive symptoms and
anxiety symptoms may be measured by self-report
questionnaires such as the Beck Depression Inventory or Beck
Anxiety Inventory, or the Hamilton Depression Rating Scale
or Hamilton Anxiety Rating Scale. Sleep quality may be
assessed using the Medical Outcomes Study Sleep Scale or the
Pittsburgh Sleep Quality Index. Studies that have used other
assessments will not be excluded.

We will include studies that have assessed the primary or
secondary outcome measures, or both, on at least two occasions,
one before or at the beginning of the intervention and one close
to or at the end of the intervention. Further, we will include
additional outcome measures for the narrative review. For
example, reports of any adverse effects will be included as well
as the results of the resting-state EEG analysis comparing pre-
versus postintervention.

Types of Studies
We will include randomized controlled trials (RCTs) if they
have compared EEG neurofeedback with no treatment or any
other intervention, including sham control, waitlist control, or
usual care. Nonrandomized studies, defined as “any quantitative
study estimating the effectiveness of an intervention that does
not use randomisation to allocate subjects to comparison groups”
[27], will be included for a narrative review. Comparative
nonrandomized studies (eg, cross-sectional designs and
controlled cohort studies) will be used to address intended
effects, and noncomparative studies (eg, case reports and case
series) will be reported for corroborating evidence and adverse

effects. All studies must have used EEG neurofeedback as an
intervention for people with chronic pain. We will exclude
studies that involved the following: (1) individuals experiencing
pain for less than 3 months; (2) healthy individuals with
experimentally induced pain; and (3) any other intervention in
conjunction with EEG neurofeedback.

Search Strategy
To identify the eligible studies, we will search 5 electronic
bibliographic databases for published studies: (1) Cochrane
Central Register of Controlled Trials (CENTRAL), (2)
MEDLINE, EMBASE, and PsycInfo via Ovid, and (3) CINAHL
via EBSCO.

Additionally, we will search the following clinical trial registries
for completed unpublished studies: (1) ClinicalTrials.gov, (2)
EU Clinical Trials Register, (3) Australia New Zealand Clinical
Trials Registry, and (4) World Health Organization International
Clinical Trials Registry Platform (ICTRP).

Search strategies will be established using Medical Subject
Headings (MeSH) and related text words. We will use a
combination of different keywords for chronic pain and EEG
neurofeedback intervention to identify relevant literature. The
search strategies will be tailored to each database. Multimedia
Appendix 2 shows the search strategy according to Ovid search
syntax. There will be no restriction on the publication period,
but only articles in English language will be included. In
addition, we will check the reference lists of the eligible studies
and relevant review articles to include any missed but relevant
published studies. While the review is in progress, citation
searching for forward citation of recent studies and citation
alerts (eg, on Google Scholar) on included studies will be used
to identify new studies as they appear. The searches will be
rerun prior to the final analysis and further retrieved studies will
be included.

Study Selection
We will use EndNote X9 (Clarivate Analytics) reference
software to store, organize, and manage all the search results
and ensure an efficient study selection process by removing the
duplicate records. Two reviewers will independently evaluate
the title and abstract of all studies identified through the search
against the inclusion and exclusion criteria. Any disagreement
between the individual judgments will be resolved by an
additional reviewer. The screening process will be conducted
in Covidence (Veritas Health Innovation Ltd), which is
systematic review management software. The full text of the
selected studies will then be retrieved. In the case of trial
registrations, the full text is defined as all associated files and
information. If the reviewer is uncertain about the eligibility of
any study, the full text will be obtained for further information.
An additional reviewer will be consulted, should there be any
uncertainty or disagreement of the eligibility of studies.
Disagreement on study eligibility will be resolved through
consensus. Excluded studies and the reasons for exclusion will
be recorded and documented.
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Data Extraction
We will pilot test a customized data extraction spreadsheet on
2 studies relevant to this review, and then use it to extract data
from the eligible studies. Two reviewers will independently
extract the data from the final list of studies. The disagreements
in the extracted data will be resolved through discussion with
an additional reviewer. The following information will be
extracted from the eligible studies.

We will extract data on study characteristics, including the
study design, country, and setting of the study.

We will extract participant data on diagnosis, age, sex, duration
of pain, comorbidities, and the number of participants allocated
in each intervention group. The primary and secondary outcome
measures at baseline (ie, before or at the beginning of the
intervention) will also be extracted (mean and measure of
variability).

We will extract intervention data on EEG neurofeedback
protocols including the targeted frequency bands, the targeted
brain region, the duration of each session, the number of
sessions, and the duration of the interventions. Data on the
details of the comparative intervention (ie, type, dosage,
frequency) in each individual study will also be extracted.

We will extract data on the type of outcome measures used to
assess the primary and secondary outcomes, the time points
from baseline to the end of interventions, and follow-ups. The
postintervention assessments will be categorized into 3 groups:
short-term for less than 1 week, mid-term for 1 to 6 weeks, and
long-term for more than 6 weeks for follow-up assessments.

We will extract results of the primary and secondary outcome
measures at a time point close to or at the end of the
interventions, or the changes in outcome measures from baseline
for each intervention group. If a study used more than 1 outcome
measure of pain intensity, we will select and extract only a
single measure, prioritizing them in the following order:
100-mm/10-cm visual analog scale, 11-point numeric rating
scale (0 = no pain, 10 = the worst pain imaginable), and then
pain intensity rating from composite measures or other scales
[28].

For the secondary outcome measures, we will extract scores
from each of the questionnaires for depressive symptoms,
anxiety symptoms, and sleep quality if the studies used more
than 1 questionnaire. We will also extract the number of
participants who stopped receiving the treatment due to a rare
or adverse event in each intervention group.

If data are missing, we will contact the authors of the studies a
maximum of 3 times, after which we will consider the data to
be irretrievable.

Study Quality and Risk of Bias
Study quality and risk of bias will be assessed by 2 independent
reviewers using the first version of the Cochrane Risk of Bias
(RoB 1.0) tool for RCTs [29] and the Cochrane Risk of Bias in
Non-Randomised Studies - of Interventions (ROBINS-I) tool
for nonrandomized studies [30]. Additionally, the quality of
noncomparative studies (eg, case reports and case series) will

be assessed using the Joanna Briggs Institute critical appraisal
tools [31]. The inconsistencies will be resolved by an additional
reviewer.

We will use the Cochrane RoB 1.0 tool to assess the study-level
risk of bias for 5 domains: selection, performance, detection,
attrition, and reporting bias [29]. We will use the ROBINS-I
tool to assess the risk of bias for studies that have not used
randomization for intervention allocations, such as cohort studies
and cross-sectional designs. The risk-of-bias assessment using
this tool covers 7 domains: confounding and participants’
selection (preintervention), intervention classification (during
intervention), and deviations, missing data, measurements, and
selection of reported results (postintervention) [30]. The
ROBINS-I tool includes signaling questions to provide easier
judgments for each domain, as well as an overall risk-of-bias
assessment. We will use the Joanna Briggs Institute critical
appraisal checklists [31] for case reports and case series to assess
the study-level risk of bias.

Data Synthesis
We will not combine the data extracted from RCTs and
nonrandomized studies for a quantitative synthesis. The
distinctions between various types of nonrandomized studies
and RCTs make it methodologically indefensible to pool the
results in a meta-analysis [32]. The extracted outcomes data
from RCTs will be quantitatively synthesized by a meta-analysis
method using R (R version 4.0.0; R Foundation for Statistical
Computing) software. The population and intervention from at
least two RCTs must be sufficiently similar to perform a
meta-analysis. Indeed, the level of consistency and
appropriateness of RCTs is key to justify pooling the results in
a meta-analysis [33].

We will convert the primary and secondary outcome data to a
0- to 100-point scale (mean and standard deviation) [28]. In
numerical or continuous scales, the score value is divided by
the range of scale, and then multiplied by 100. For example,
for a 0 to 20 scale, the score value is divided by 20 and
multiplied by 100. Likert scales will be treated as numerical
scales, because the scores for Likert-type questions can be
summed and presented as a final scale score. Additionally, in
categorical scales, the lowest value will be assigned to be 0,
and then 1 additional point for each category of severity. For
example, none = 0, mild = 1, moderate = 2, and high = 3. Then,
these values will be treated like numerical scales.

The relative treatment effects of the compared interventions
(eg, EEG neurofeedback vs control) on the outcome measures
will be estimated using weighted mean difference with 95%
confidence intervals [28]. We will use a threshold of 10 points
on the 0- to 100-point scale to clarify the minimal clinically
important effect of EEG neurofeedback on pain intensity [34].
Since a cutoff threshold has not been established for converted
0 to 100 points of the secondary outcomes, we will adopt a
10-point threshold as the clinically meaningful change for
depressive symptoms, anxiety symptoms, and sleep quality.

In recognition of the likely heterogeneity of the chronic pain
population and the EEG neurofeedback methodology, we will
use a random-effects meta-analysis. We will assess the
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heterogeneity of the study population and intervention using

the χ2 test and estimate the degree of heterogeneity using the

I2 statistic. The heterogeneity is considered significant when

P<.1 and when I2≥50%. A subgroup analysis will be performed
when significant heterogeneity is present (see Subgroup and
Sensitivity Analysis subsection).

We will conduct a narrative synthesis to provide additional
information about EEG neurofeedback as an intervention
including adverse effects. The data and methodology for the
great variety of nonrandomized designs are usually not
sufficiently similar to be pooled in a meta-analysis; thus, we
will use a narrative approach for these studies [35]. Narrative
methods of synthesis include classification of evidence from
diverse studies, data reduction, data display, comparison, and
conclusion [36]. The findings from the nonrandomized studies
will be described and summarized in an extraction table using
techniques of narrative synthesis.

Quality of Evidence
We will use the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach [37] to grade
the certainty of evidence and the strength of recommendations
at the outcome level. For example, the GRADE rating will be
applied to the outcome of interest to estimate the certainty of
the intervention effect. There are 4 levels of certainty within
the GRADE approach: very low, low, moderate, and high. The
level of certainty of evidence can be downgraded for the
following reasons.

Risk of Bias
The rating will be downgraded by 2 levels if there is a high risk
of bias for more than 25% and less than 50% of the included
studies’ participants. It will be 1 grade down if more than 50%
of participants are from high risk-of-bias studies [38].

Imprecision
The rating will be downgraded by 1 level if the total number of
participants is less than 400 for continuous data and less than
300 for dichotomous data [39].

Inconsistency
The rating will be downgraded by 1 level if significant
heterogeneity is identified (P<.1) [40].

Indirectness
This domain will not be considered because the inclusion criteria
of this review ensures a specific population and outcome interest
[41].

Publication Bias
The rating will be downgraded by 1 level if a publication bias
is detected using visual and statistical assessments [42].

Subgroup and Sensitivity Analysis
Where heterogeneity is identified (P<.1), we will conduct
subgroup analysis according to the type of chronic pain and the
study population age through preplanned analysis: (1)
neuropathic pain versus nonneuropathic pain: neuropathic pain
is defined as “pain caused by a lesion or disease of the
somatosensory nervous system” [43], and nonneuropathic pain
includes all other chronic pain conditions; (2) adults versus
adolescents or children: studies including adults over 18 years
old compared with studies with individuals under 18 years old.

Further, depending on the variability of RCTs, we will conduct
a sensitivity analysis to assess the impact of excluding studies
with high risk of bias.

Results

This review will not require any ethics approval, as there will
be no patient involvement in the conduct, reporting, and
interpretation of the review. The search for this systematic
review commenced in July 2020, and we will disseminate the
findings as soon as they are available, expected by early 2021.

Discussion

This protocol describes the methodology of a systematic review
and meta-analysis to aggregate the evidence for analgesic effects
of EEG neurofeedback for people with chronic pain. In addition
to including RCTs for a meta-analysis, we will supplement the
review by a narrative synthesis of nonrandomized comparative
designs for intended effects and noncomparative designs for
corroborating evidence and adverse effects.

The heterogeneity of the chronic pain population and the variety
of EEG neurofeedback methodology might restrict the
opportunities for meta-analysis and interpretation of results.
However, preplanned subgroup analyses based on the pain
conditions and patients’ age groups will help to address the
issue of population heterogeneity.

We will report the methodology and results of this review
according to the PRISMA guidelines [44]. The findings will
provide an evaluation of both the intended and adverse effects
of EEG neurofeedback interventions. Given the debilitating
impact of chronic pain on people’s quality of life, this systematic
review will provide recommendations for researchers, health
care professionals, and people with chronic pain about the
evidence for the analgesic effect of EEG neurofeedback.
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Abstract

Background: Community-based clinical training has been advocated as an excellent approach to transformation in clinical
education. Clinical education for undergraduate physiotherapy students is a hands-on practical experience that aims to provide a
student with the skills necessary to enable them to be fit to practice independently. However, in many countries, including South
Africa, this training has been conducted only in large urban academic hospitals. Such hospitals are not a true reflection of the
environment that these students will most likely be facing as practicing health care professionals.

Objective: The objective of this scoping review is to map out existing evidence on community-based clinical education models
for undergraduate physiotherapy students globally.

Methods: A systematic scoping review will be based on the 2005 Arksey and O’Malley framework. Studies involving students
and stakeholders in clinical education will be included. This review will not be limited by time of publication. An electronic
search of relevant literature, including peer-reviewed primary studies and grey literature, will be conducted from the PubMed,
Google Scholar, Medline, CINAHL, and Cochrane Library databases. The search strategy will include keywords such as
“education,” “physiotherapy,” “undergraduate,” “community-based,” “training,” “decentralized,” and “distributed.” Boolean
logic will be used for each search string. Two independent reviewers will conduct screening of titles, abstracts, and full text before
extracting articles. A predesigned data-charting table will supplement the extraction of data. Version 12 NVIVO software will
aide in the thematic analysis of data.

Results: Data collection will commence after publication of this protocol, and the results are expected to be obtained in the
following 5 months.

Conclusions: The evidence obtained from the extracted data is expected to assist in the development of a model of
community-based clinical education for undergraduate physiotherapy students in South Africa, and serve as a basis for future
research. The discussion of this evidence will be guided by the research question utilizing a critical narrative approach to explore
emerging themes. The enablers and barriers identified from the reviewed studies can guide the development of a community-based
clinical education model.

International Registered Report Identifier (IRRID): PRR1-10.2196/19039

(JMIR Res Protoc 2020;9(10):e19039)   doi:10.2196/19039
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Introduction

Clinical education is the integration of theory into practice in
the health care environment, with the aim of developing
clinically competent health science practitioners. This type of
training is imperative in health science professions as it provides
hands-on practical experience with real patients in a real clinical
environment [1-3]. Traditionally, this training has been centered
around well-resourced academic hospitals, mainly in cities close
to universities [4]. However, a global shift toward
community-based clinical practice conducted away from a
university setting and large academic hospitals necessitates a
change toward rural and periurban clinical placements [5]. This
type of training is also known as decentralized clinical training
[6,7].

The primary health care approach has been identified as a “first
level of contact in a health system” [8]. Therefore, it is essential
for a curriculum to address the primary health care needs of the
population, which are social responsiveness, inclusiveness, and
participation [9]. This transformation prepares undergraduate
students to be socially responsive to the needs of the
communities they serve, giving them the confidence to become
health advocates for their patients [4,10,11].

Physiotherapy is one of the few health science professions that
manages patients from the acute hospital phase in the intensive
care unit to a chronic rehabilitation phase in the primary health
care setting in the communities in which patients live. Therefore,
diversified clinical training of physiotherapy students is essential
for a curriculum that aims to provide clinical competence and
social accountability [3,12-15]. Although this is also the case
for medical students [6,16], there have been extensive global
debates regarding practical placements and their effectiveness
in producing graduates who are prepared for the changing health
needs in the developing world [5,13,17-19]. The primary
purpose of a school of physiotherapy is to develop graduates
that have both the clinical reasoning and practical skills required
to function as competent practitioners in all levels of care [20].

Global research on health education programs [2,3,18,19,21,22]
concurs that a community-based clinical training program that
uses decentralized clinical training platforms is an excellent
approach. This approach aims to achieve transformative
learning, which enhances ethical and social accountability [17].
Decentralized clinical training in this context is defined as
training closer to the community, away from universities and
large academic hospitals. The changes in health education,
including an increase in student intake and health systems
requirements, are a driving force to ensure that students are well
prepared to meet the demands of their communities. This will
require an improvement, review, or change in the curriculum
to ensure the preparedness of graduates to be competent

professionals who can implement knowledge, skills, and values
practically [3,7].

A scoping literature review conducted by De Villers et al [6]
confirmed that medical training in sub-Saharan Africa conducted
at different clinical settings distant from large academic hospitals
is beneficial in improving core competencies for students and
in retaining these graduates in rural settings. However, less is
known about other health science undergraduate programs in
this regard, specifically for the discipline of physiotherapy.
Therefore, there is a need for evaluation of existing global
community-based clinical education models to contribute toward
the development of a community-based primary health care
training model in the South African context. This scoping review
aims to examine and map evidence related to community-based
clinical education models for undergraduate physiotherapy
students and highlight their ability to produce socially responsive
graduates. The results of this review will contribute toward the
development of a community-based primary health care training
model for undergraduate physiotherapy students in the South
African context.

Methods

Study Design
The methodology for this scoping review will adopt the
five-stage framework developed by Arksey and O’Malley [23],
which Levac and colleagues [24] further elaborated by including
aspects of quality appraisal. These stages are described in more
detail below, in specific relation to the primary aim of this study.
A Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) extension for a scoping review
checklist (Multimedia Appendix 1) will be used to ensure the
inclusion of all relevant sections.

Stage 1: Identifying the Research Question
The main question that will guide this review is, “What are
existing models of community- based clinical education for
undergraduate physiotherapy students?”

The subsequent subquestions that will pave the way for the
review are as follows: (1) What are the clinical education models
that exist for the physiotherapy discipline? What is/has been
the practice? (2) How have community-based clinical education
models been put to practice? (3) What are the enablers and
barriers of the identified clinical education models? (4) Does
any clinical education model utilize decentralized training
platforms to ensure clinical competence through community
engagement and social learning?

The Participants-Concept-Context model will be adopted to
determine the eligibility of the research question (Table 1) [25].

Table 1. Participants-Concept-Context framework for eligibility of the research question.

DeterminantsComponents

Physiotherapy students at the undergraduate level of study, academics, clinical supervisorsParticipants

Models of community-based clinical educationConcept

GlobalContext
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Stage 2: Identifying Relevant Literature
A comprehensive search strategy will be developed for this
review to harness related studies. The electronic databases
searched will include PubMed, Pedro, MEDLINE and CINAHL,
Google Scholar, an academic search using EBSCOhost via the
University of Kwa-Zulu Natal (UKZN), and Cochrane Library.
Keywords will be separated by Boolean terms “AND,” “OR,”
“NOT.” The final step will be the search of the reference lists.

The initial list of keywords will include, but are not limited to:
“clinical education,” “training,” “teaching and learning,”
“undergraduate physiotherapy education,” “decentralized” OR
“distributed,” “community-based,” “community-engaged,”
“primary health care,” “physiotherapy”/“physical therapy,” and
“curriculum.” A pilot study was conducted to determine the
feasibility of the study. The pilot findings showed good
feasibility of the study with 118 articles retrieved from PubMed
and 16,616 articles obtained from EBSCOhost (Table 2).

Table 2. Results of a pilot search.

Number of publications re-
trieved

Date of searchDatabaseKeywords searched

118September 27, 2019PubMed((((((“Physiotherapy” OR “Physical Therapy”)) AND (“Training” OR
“Education” OR “Teaching” OR “Teaching and Learning” OR “Curricu-
lum”))) OR (((“education”) AND “physiotherapy”) AND “undergraduate”
AND (Humans[Mesh])) AND (Humans[Mesh]))) OR (((“Decentralized”
OR “Distributed” OR “Community- based” OR “Community engaged”))
OR “on the job” AND rural AND”) OR “ AND primary health care AND
(Humans[Mesh])) AND (Humans[Mesh])

16,616, including the follow-
ing filters: human, (full text,
scholarly (peer-reviewed)
journal

September 27, 2019EBSCOhost((((((“Physiotherapy” OR “Physical Therapy”)) AND (“Training” OR
“Education” OR “Teaching” OR “Teaching and Learning” OR “Curricu-
lum”))) OR (((“education”) AND “physiotherapy”) AND “undergraduate”
AND (Humans[Mesh])) AND (Humans[Mesh]))) OR (((“Decentralized”
OR “Distributed” OR “Community- based” OR “Community engaged”))
OR “on the job” AND rural AND) OR AND “primary health care” AND
(Humans[Mesh])) AND (Humans[Mesh])

Stage 3: Study Selection
The study research question will be utilized to guide the
development of the inclusion and exclusion criteria for the
proper selection of relevant studies.

Peer-reviewed articles published in English that focus on the
following theory will be included: (1) models of undergraduate
physiotherapy community-based clinical education, (2)
undergraduate physiotherapy curricula on clinical education,
and (3) decentralized clinical training (ie, training conducted
away from the university and central training academic hospitals,
including rural sites, primary health clinics, community health
centers, district hospitals, and regional hospitals).

Opinion papers on community-based clinical education for
undergraduate physiotherapy students will be excluded, such
as commentaries on community-based clinical training for
undergraduate physiotherapy students.

Charting of Data
A data-extracting tool will be created to organize and store all
data retrieved from the articles during the scoping review. Two
independent reviewers utilizing the sample of the included
studies will evaluate this tool. The information from studies
will consist of: author, year of publication, site location, study
population, institution description (community health center,
primary health clinic, hospital, community, home), site
description (rural, periurban, or urban), duration of the training
at the site, aim or purpose of the study, methodology, essential
results, model aspects, and recommendations. This information
will be continuously updated throughout the scoping review
process. All eligible studies will be uploaded to Mendeley
referencing software and replicate studies will be removed.

PRISMA guidelines will be used to report the screening results
[26].

Collating, Summarizing, and Reporting Results
This review will adopt a mixed-method analysis of the results
of the selected studies, including both qualitative and
quantitative analyses. Extracted data that will be analyzed
quantitatively will include numerical summaries of article type,
duration of rotation, site description, location (rural, urban,
periurban), and the aspects of the model. A descriptive analytical
method will be conducted using the Statistical Package for
Social Sciences Version 23. Thematic analysis will be used for
analyzing the qualitative data from the reviewed studies to
synthesize and interpret critical issues and themes arising from
the included studies.

Quality Appraisal
The Mixed Method Appraisal Tool (MMAT) version 2018 [25]
will be used to appraise the quality of the selected studies, as
recommended by Levac et al [24]. Three reviewers (NT, VC,
and SC) will be involved in the critical appraisal process. Two
reviewers will capture methodological quality criteria, according
to MMAT [27]. A third reviewer who is an expert in MMAT
application will oversee the complete process, adding rigor to
the process. The MMAT allows for a concomitant appraisal of
methodological quality of five study categories: qualitative
research, randomized controlled trials, nonrandomized studies,
quantitative descriptive studies, and mixed methods studies
[25].

Ethics Approval
The study is part of doctoral work in the Department of Health
Sciences at UKZN. Ethical approval was obtained from the
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Humanities and Social Sciences Research Ethics Committee of
UKZN (ethical clearance no. HSS/0575/018D).

Results

Data collection will commence upon protocol publication, and
the results can be expected in the following 5 months.

Discussion

This scoping review aims to map out existing models of
community-based clinical education and highlight their ability
to produce socially responsive graduates. There is a global shift
toward community-based clinical training of health care
professionals with evidence supporting this approach in
undergraduate medical education [19,22].

The undergraduate physiotherapy curriculum needs to produce
graduates who possess the competencies of a health practitioner,
professional, scholar, health advocate, collaborator,
communicator, and leader. Decentralized clinical training has
been reported as the best method of developing competent

undergraduate students who will be socially accountable and
able to advocate for their patients [6,28].

This scoping review will synthesize the evidence and reveal
knowledge gaps to contribute toward the development of a
community-based clinical education model for undergraduate
physiotherapy students in a South African context.

Clinical education stakeholders, physiotherapist clinical
supervisors in different hospital settings, and academics involved
in the training of undergraduates stand to benefit from this
scoping review. The review will produce consolidated evidence
of various models of community-based clinical education for
undergraduate students. This evidence can be employed by
stakeholders to design future programs and also form a basis
for future research.

This scoping review will clearly describe the global
community-based clinical education models used for the training
of undergraduate physiotherapy students. The empirical evidence
obtained from this review will be beneficial to stakeholders in
health science education, including academics, clinicians, and
policymakers, contributing to the ongoing transformation of
clinical training.
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Abstract

Background: Cervical cancer is the fourth most common cancer affecting women worldwide. In the 1980s, it was found that
the sexually transmitted disease human papillomavirus causes over 90% of all cervical cancer cases. Since that discovery, diagnostic
technologies have been developed for the detection of human papillomavirus DNA in cervical samples. However, significant
sociocultural and structural barriers remain. Considerable strides have taken place in recent years to address these barriers, such
as the self-collection for human papillomavirus–based cervical screening method.

Objective: The purpose of this review is to synthesize qualitative evidence around the self-collection method and identify
strategies to increase acceptability and feasibility in different settings. This qualitative synthesis will be used to better understand
how to conceptualize and implement more effective, accessible, and socially and culturally acceptable cervical screening programs
and policies globally.

Methods: A systematic search will be conducted in Global Health, Cochrane, CINAHL (Cumulative Index to Nursing and
Allied Health Literature), ProQuest, ScienceDirect, EMBASE, EMCARE, Medline (OVID), Scopus, and Web of Science.
Published and peer-reviewed articles will be included. Two reviewers will independently screen and assess the studies. The data
will be coded and analyzed using a thematic synthesis process. The socioecological model will be used to organize emergent
themes at the micro and macro levels. The results will be presented in narrative and tabular form.

Results: The article search and data extraction were completed in May 2020. The data were analyzed in June 2020. The review
will be submitted for publication in Fall 2020.

Conclusions: This review will present the global evidence of the perspectives and experiences of various key stakeholders and
how these perspectives and experiences impact their decision-making process to perform or accept self-collection for human
papillomavirus–based cervical screening. The review will provide guidance to implementation researchers as well as implications
for future research.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42019109073;
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=109073

International Registered Report Identifier (IRRID): DERR1-10.2196/21093

(JMIR Res Protoc 2020;9(10):e21093)   doi:10.2196/21093
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Introduction

Cervical cancer is the fourth leading cause of cancer affecting
women in the world, with the highest burden of disease,
estimated at 85% [1], occurring in low- and middle-income
countries. To attenuate the global cervical cancer burden, the
implementation of screening methods is a global health priority.
The most commonly known screening method is cytologic
screening with a Papanicolaou test (Pap smear): since its
introduction in the 1940s, cervical cancer incidence and
mortality have decreased by 70% in high-income countries [2].
However, Pap smears require distinctive and extensive
laboratory infrastructure and capacity, making it challenging to
implement in resource-limited settings [3,4].

In the early 1980s, researchers discovered the presence of human
papillomavirus (HPV) DNA in cervical cancer lesions and that
the sexually transmitted infection (STI) was responsible for
over 90% of malignant cases [5]. Subsequent research has
demonstrated that persistent HPV infection puts women at
higher risk for cervical cancer [6]. These research findings have
led to the development of tests for the detection of oncogenic
HPV types in cervical precancerous or cancerous lesions,
referred to as HPV testing. Additionally, this was an opportunity
to develop technologies that are low-cost and require minimal
laboratory infrastructure and training to use. Since this discovery
of HPV oncogenic types, technologies for conducting HPV
testing have revolutionized the way the global health community
views cervical screening and its impact on global health
outcomes [7]. The new screening methods offer access to
screening services at a relatively low-cost via an effective and
efficient process that bypasses all laboratory needs required by
the Pap smear. Most of the research to date has been focused
on determining the effectiveness of HPV-based cervical
screening methods. A global review by Kouliopoulos et al [8]
of studies conducted between 1992 and 2015 showed that HPV
testing has higher sensitivity and specificity than those of
conventional cytology methods and allows for less frequent
screening. When provided at point-of-care, patients receive their
results in a shorter time frame (60-90 minutes on average,
compared to up to 2 weeks for Pap smears) allowing for faster
turnaround, more timely treatment, and reduction in patients
lost to follow-up [4,9,10]. Research from Goldie et al [11]
demonstrated that HPV-based screening for women once they
have reached 35 years of age potentially reduces the lifetime
risk of cervical cancer by 36%.

The concept of self-collection (interchangeably named
self-collected samples or self-sampling) was introduced in the
1970s to address the alarmingly low rates among women who
lacked access to screening and health care services, often due
to sociocultural, economic, and structural factors [12]. In the
1990s, Dr. Arthur Fournier noticed the concerning
underutilization rates of Pap smear screening in Haiti. To
circumvent the discomfort and embarrassment of pelvic
examinations, a known deterrent for women seeking cervical
screening services, Dr. Fournier designed a cervical

self-sampling device for the detection of cancer and STIs [13].
The innovative self-sampling device that could also be used at
home provided an efficient solution to screen women in
resource-limited and culturally challenging settings. Since then,
numerous studies [14-17] have compared the efficacy and
effectiveness of self-collected samples to clinician-collected
samples for cervical screening. The evidence showed that
self-collected sampling not only had comparable sensitivity and
specificity to those of clinician-collected sampling but was also
the most-widely preferred screening method by women. Other
research [18] has demonstrated that self-collection of specimens
for HPV testing could potentially increase uptake for women
residing in hard-to-reach settings.

With the vast and rapid progress in cervical screening methods,
it is essential to recognize that, when applied in varying contexts
and among different people, responses and experiences will
significantly differ. In the case of self-collection for HPV
screening, social values, cultural values, and understanding of
the female body can each have an impact on women's
acceptability of innovative cervical screening methods. To be
successful, methods such as self-collection, need to be socially
and culturally accepted by women, health care workers, and
policymakers [19], as well as fit within settings where access
to screening is scarce due to sociocultural barriers and limited
resources. This requires understanding the experiences of all
key actors (ie, women, health care workers, and policymakers)
at all levels of the health system interacting with it.

This review aims to generate findings for further guidance to
implementation researchers. It will help with the design of
self-collection for HPV-based cervical screening interventions
that address all factors raised by key stakeholders that could
impact the acceptability and feasibility of these programs in
diverse cultural and geographical settings.

To facilitate the uptake of cervical screening, thus reducing the
incidence and prevalence of cervical cancer globally, this
systematic review aims to identify, analyze, and synthesize the
experiences and perceptions of women, health care workers,
and policymakers. Consequently, it will provide evidence of
factors that impact the acceptability and feasibility of
self-collection for HPV-based cervical screening globally.

Methods

General
A preliminary search for existing systematic reviews on the
topic has been conducted in major databases (ie, Medline;
Scopus; Joanna Briggs Institute Database of Systematic Reviews
and Implementation Reports; Cochrane Database; CINAHL,
Cumulative Index to Nursing and Allied Health Literature;
PubMed; and PROSPERO, International Prospective Register
of Systematic Reviews). We found no qualitative synthesis
systematic reviews that explored factors that could impact the
acceptability and feasibility of self-collection for HPV-based
cervical screening from the perspectives of women, health care
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workers, and policymakers, globally. The protocol will follow
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [20]. Participant, interest, and
context inclusion criteria [21] used for this review are detailed.

Review Questions
What are women’s, health care workers’, and policymakers’
experiences with and perceptions of self-collection for
HPV-DNA cervical cancer screening?

What are the barriers and facilitators to the acceptability and
implementation of self-collection for HPV-DNA cervical cancer
screening from the point of view of women, health care workers,
and policymakers?

Types of Participants
The review will focus on women, health care workers, and
policymakers. For women participants, there will be no age
restriction since the review will focus on both perspectives and
experiences of the self-collection method, albeit the HPV-DNA
test is recommended for women 30 years old and above only.
Also, the reviewers will allow for different terms to be used
when identifying the types of participants targeted in this review:
for example, health care workers could be defined differently
in studies (ie, providers, health care service providers, etc).

Phenomena of Interest
The intervention of interest in this review is self-collection for
HPV-based cervical screening. This review will consider all

elements associated with the process of self-collection. The first
outcome will be to assess the sociocultural and structural barriers
and facilitators from the point of view of women (ie, patients),
health care workers, and policymakers as well as to determine
the feasibility factors of self-collection for HPV-based cervical
screening in different settings.

Context
The review will not have a global geographical restriction: all
countries with publicly available data will be included.
Additionally, any setting where self-collection for HPV-based
cervical screening could be performed (which includes women’s
homes, primary care, community health center) will also be
identified and included in the review.

Study Search Methods

Types of Studies
This review will consider qualitative and mixed methods studies
(Textbox 1) that draw on the experiences and perspectives of
women, health care workers, and policymakers. These will
include designs such as grounded theory, narratives,
ethnography, phenomenology, and action research.

Two authors will independently screen the database search
results, compare and discuss their findings, and resolve
disagreements to reach consensus.

Textbox 1. Criteria.

Inclusion criteria

• Qualitative studies (qualitative component of mixed methods studies, interviews, focus groups, surveys, or questionnaires with open-ended
questions) that explored experiences, perspectives of self-sampling or self-collection for human papillomavirus (HPV)–based cervical screening

• Studies that involve women; health care workers including physicians (obstetrics/gynecology primarily), nurses, midwives, and allied health
professionals; or policymakers

• Studies published in English

• Studies in any geographical setting (high-income countries and low- and middle-income countries) and health care settings (eg, community health
care centers, primary health care centers, patient's homes)

• Peer-reviewed publications published after 1986 (year of the first study on HPV-DNA testing)

Exclusion criteria

• Studies that involve stakeholders other than the ones listed in the inclusion criteria

• Studies in languages other than English

• Purely quantitative studies and quantitative components of mixed methods studies

• Nonpeer reviewed articles, theses, abstracts, reviews, or book chapters

• Any other cervical screening method that is not self-collection for HPV-based cervical screening (ie, clinician-collected cervical screening, Pap
smears, visual inspection with acetic acid or visual inspection with Lugol iodine)

Search Strategy
A systematic search of the following databases will be developed
in collaboration with a librarian and conducted by HC in Global
Health, Cochrane, CINAHL (Cumulative Index to Nursing and
Allied Health Literature), ProQuest, ScienceDirect, EMBASE,
EMCARE, Medline (OVID), Scopus, and Web of Science.
Published peer-reviewed articles will be included.

The literature search will be limited to studies published in
English, between 1986 (year of the first study on HPV-DNA
testing) to December 2019. It will ensure that both controlled
vocabulary, medical subject headings (MeSH) and keywords,
are tailored to each database (see an example of the draft
EMBASE search strategy and keywords used in Multimedia
Appendix 1.
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The search strategy will include terms focused on 4 main
concepts: HPV, self-collection, HPV-DNA testing, and
qualitative. The primary reviewer HC will consult with the
librarian for help refining the search strategy and terms to ensure

the inclusion of both Medical Subject Heading (MeSH) terms
and keywords relevant to this review and its aims. A preliminary
list of MeSH terms and keywords are listed in Table 1.

Table 1. Terms and keywords.

MeSHaKeywordsConcept

Papillomaviridae OR papillomavirus infections OR
uterine cervical neoplasms

Human papillomavirus OR human papilloma virusHPVb

ANDAND

HPV-DNA testing OR HPV testing OR HPV primary
testing OR primary HPV testing OR DNA probes, HPV
OR human papillomavirus DNA tests OR vaginal
smears

Cervical cancer screening OR cervical screening OR cervical
ADJ8 screening

HPV-DNA testing

ANDAND

—cSelf-sampling OR self-collected OR self-administeredSelf-collected

ANDAND

Qualitative research OR qualitative studies OR quali-
tative study OR focus groups OR interviews as topic
OR observation OR ethnography

QualitativeQualitative

aMeSH: Medical Subject Headings.
bHPV: human papillomavirus.
cNo MeSH terms were used.

All articles that are identified will be imported into EndNote
(QSR International) to systematically sort, review, and select
the final list of articles to be included in the synthesis. Guided
by the eligibility criteria, 2 reviewers (HC and YZ) will screen
each article in the Endnote library by title and abstract. The list
of articles subjected to full review will be agreed upon between
the 2 reviewers (HC and YZ). The 2 reviewers will proceed to
review the full text of all eligible studies. The final list of
included studies will be discussed and agreed upon between the
2 reviewers and an additional third reviewer (AKH).

Assessment of Methodological Quality of Included
Studies
All included studies will be critically appraised using the Critical
Appraisal Skills Programme tool or CASP for qualitative
research [22], albeit there is no clear consensus on a standard
tool applied to the methodological appraisal of qualitative
studies [23]. This will be conducted independently by 2
reviewers (HC and YZ). The CASP tool consists of 10 questions
that assess the essential elements of qualitative research. Each
item will be scored using yes (1 point), no (0 points), or “can’t
tell” (0.5 points) to score the article's quality out of 10.

The quality of the article will be determined using the following
scoring guideline: a score ≤3 is of low quality, a score ranging
from 4-6 is of medium quality, and a score ≥7 is of high quality.
The appraisal score will not be used to exclude articles.

Data Extraction And Analysis

Data Extraction
As an initial step, an extraction exercise will be conducted to
ensure accuracy, completeness, and richness of the data. An
Excel (Microsoft Inc) data extraction spreadsheet will be

developed to include the following study characteristics: title,
authors, journal, publication date, study design, research aim,
setting and study location, sample size, age group,
demographics, intervention or screening type, data collection
method, theoretical or conceptual framework, data analysis,
outcomes, and findings.

Two reviewers (HC and YZ) will independently extract the data
using the data extraction spreadsheet, and any disagreements
will be discussed to reach consensus.

Data Synthesis
Qualitative research findings will be pooled using the thematic
synthesis approach. This approach, developed by Thomas and
Harden [24], specifically looks at individuals’ perspectives and
experiences [25] using an integrative approach which considers
data from comparable primary studies. For data coding, we will
use NVivo (version 12.5; QSR International) qualitative data
management and analysis software. Codes will inductively be
identified and grouped into themes [26]. The thematic synthesis
approach is comprised of 3 stages: coding text where each study
will be coded line-by-line extracting data that responds to the
research questions developed for this review (HC will conduct
this); developing descriptive themes where the codes identified
in the first stage will be categorized based on similarities to
create themes (HC will conduct this); and generating analytical
themes where the themes identified in the second stage will be
used to develop key messages (this will be conducted by HC
and discussed with and agreed upon by YZ, LL, AV, RG, and
AKH).

As part of the thematic synthesis, a theoretical framework was
identified to guide the data synthesis process. For this review,
the socioecological model will be the a priori framework that
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will need to be discussed and approved by all reviewers (HC,
YZ, LL, AV, RG, and AKH), used, and adapted to identify
emerging themes. Socioecological model views health behavior
as being shaped by and influenced at multiple levels [27]: (1)
intrapersonal, (2) interpersonal, (3) organizational, (4)
community, and (5) public policy. By using the socioecological
model, we aim to identify micro and macro factors that impact
the perspectives and experiences of using self-collection for
HPV testing, thus impacting acceptability from the point of
view of all key stakeholders, as well as the implementation of
the self-collection method in different settings.

The findings will provide a descriptive summary of key themes
and associated quotations.

Patient and Public Involvement
This review will include solely secondary data, patients, health
care workers, policymakers, and the public will not be involved
in the design or conduct of the review.

Ethics and Dissemination
This review will involve the collection and analysis of publicly
available secondary data, and therefore, does not require ethical
approval. The review findings will be disseminated through
publication in a peer-reviewed journal and scientific conference
presentations. The review will include relevant discussion points
to further guide implementation researchers for the prevention
of cervical cancer globally as well as implications for future
research.

Results

The protocol was registered on April 15, 2019 (PROSPERO
CRD42019109073). The article search and data extraction were
completed in May 2020. The review includes 33 papers
published between 2008 and 2020. The data were analyzed in
June. The review will be submitted for publication in Fall 2020.

Discussion

Qualitative research should be a priority very early on in
implementation research when introducing socially and
structurally sensitive screening programs. This qualitative
evidence synthesis will aim to review the perspectives and
experiences of key stakeholders and the impact on their
decision-making process to perform or accept self-collected
HPV-based cervical screening. To date, scoping and systematic
reviews on cervical screening have focused on qualitative
evidence about Pap smears and visual inspection with acetic
acid methods, and most recently, HPV testing. This will be the
first review that qualitatively explores the most recent innovative
HPV-testing method of self-collection, which is being
increasingly used globally. By using the socioecological model,
strategies will be identified and discussed to address barriers
and facilitators to increase acceptability and feasibility at every
level of the system. The review will include relevant discussion
points to further guide implementation researchers for the
prevention of cervical cancer globally as well as implications
for future research.
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Abstract

Background: Testosterone prescriptions have increased dramatically in recent decades, with increasing usage in men. Despite
epidemiological associations reported high circulating concentrations of endogenous androgens and low risk of cardiovascular
events and mortality, the effects of exogenous androgens in the form of testosterone therapy for maintaining physiological
circulating androgen concentrations on the cardiovascular system remain uncertain with no published meta-analysis on this topic.

Objective: The aim of this study was to investigate the effects of prescribed testosterone treatment, in all forms and durations,
from well-developed randomized controlled trials, on cardiovascular events in men aged 18 years or older.

Methods: Peer-reviewed journal articles published from 1980 to 2019 will be searched from databases (ie CINAHL [Cumulated
Index to Nursing and Allied Health Literature], Embase, Medline, Scopus, Cochrane Controlled Register of Trials as well as the
Clinical Trial Registry). Randomized controlled trials or cluster randomized controlled trials with at least one intervention arm
of testosterone and a control group of usual care or no testosterone treatment will be included in this review and meta-analysis.
Studies on men with previous cardiovascular events or cardiac vascularization (coronary bypass surgery or percutaneous coronary
intervention) will be excluded. Data related to primary outcomes such as clinical events of any type of stroke or transient ischemic
attack, nonfatal myocardial infarction or acute coronary syndrome, emergency coronary artery revascularization, carotid surgery,
cardiac mortality, and all-cause mortality will be extracted for analysis. The criteria for PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) will be followed in the evaluation of evidence.

Results: Search terms have been piloted and finalized. This study will be completed by the end of 2020.

Conclusions: This protocol will guide a systematic literature review of the evidence around prescribed testosterone and its
effect on cardiovascular events in men aged 18 years or older. The findings will inform clinical management of hypogonadal
men.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42019134278;
https://tinyurl.com/y6t7ggge

International Registered Report Identifier (IRRID): PRR1-10.2196/15163

(JMIR Res Protoc 2020;9(10):e15163)   doi:10.2196/15163
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Introduction

Epidemiological observational studies have shown that low
endogenous testosterone concentrations are associated with a
high incidence of cardiovascular events and cardiovascular
mortality in middle-aged and older men [1-3]. Potential
mechanisms by which testosterone could exert beneficial effects
on the vasculature include reduction in cholesterol accumulation,
modulation of inflammation, and improvement in endothelial
function [4,5]. However, this causation is unproven as there has
been no randomized placebo-controlled trial of testosterone
sufficiently powered to examine the outcomes of cardiovascular
events or mortality.

Small randomized trials of testosterone therapy have shown
improvements in surrogate endpoints related to cardiovascular
risk [6-9]. However, other trials of testosterone have not shown
improvements in carotid atherosclerosis, which was assessed
using carotid intima-media thickness. One study reported an
increase in noncalcified coronary atheroma, which was assessed
by coronary computed tomography angiography in older men
receiving testosterone therapy over a period of 12 months [10].
While 1 randomized trial of testosterone therapy in older men
with mobility limitations reported an excess of adverse events
in the treatment arm [11], a recent large trial in older men did
not find any excess of cardiovascular adverse events with
testosterone treatment during the intervention period [12].
Indeed, the effects of exogenous androgens in the form of
testosterone therapy for maintaining the physiological circulating
androgen concentrations on the cardiovascular system remain
uncertain.

To date, there is no meta-analysis published on this topic that
focuses on the outcomes of randomized controlled trials. It is
therefore challenging for clinicians to decide if any testosterone
should be prescribed to hypogonadal men. Owing to this
evidence gap for the current clinical management of
hypogonadal men, a systematic literature review and
meta-analysis of data from well-designed randomized controlled
trials is needed to ascertain the beneficial, neutral, or adverse
effects of testosterone treatment on cardiovascular outcomes in
the general population of middle-aged and older men. The aim
of this review is to systematically assess the evidence of the
effects of testosterone treatment (either in the form of oral
administration, transdermal application, intramuscular, or
implant) in comparison to those of no testosterone treatment on
cardiovascular outcomes of men aged 18 years or older.

Methods

Review Objectives and Hypotheses
This systematic review and meta-analysis will follow the
PRISMA-P (Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols) [13] for evaluating the effect of
testosterone treatment on primary cardiovascular outcomes
(clinical events of stroke or transient ischemic attack, nonfatal

myocardial infarction, or acute coronary syndrome, emergency
coronary artery revascularization, carotid surgery, cardiac
mortality, and all-cause mortality) among adult men. Three a
priori hypotheses will be tested: types of testosterone treatment
(oral administration, transdermal application, intramuscular
injection, or implant vs no testosterone), dosage of testosterone
received (total dosage [mg] received during the duration of the
study vs no testosterone), and follow-up period (at least 6
months vs more than 6 months).

Inclusion Criteria
Studies need to meet the following characteristics to be eligible
for this systematic review and meta-analysis.

Participants
Studies that examine men aged 18 years or older and report
baseline androgen levels will be included. The participants can
be overweight or obese, with or without metabolic syndrome,
smokers, and of different socioeconomic status. Studies on men
with previous cardiovascular events or cardiac vascularization
(coronary bypass surgery or percutaneous coronary intervention)
will be excluded. Studies that examine both adult men and
women will only have the male population data extracted for
this review and meta-analysis.

Intervention
Testosterone formulation given to humans via oral
administration, transdermal application, intramuscular injection,
or implant of any dosage and frequency will be examined in
this review and meta-analysis.

Comparison
The effect of testosterone treatment via oral administration,
transdermal application, intramuscular injection, or implant will
be compared to that in a control group of usual care or no
testosterone intervention.

Outcomes
Studies with at least 6-month postintervention follow-up
outcomes will be included. The primary postintervention
outcomes are clinical events of any type of stroke or transient
ischemic attack, nonfatal myocardial infarction or acute coronary
syndrome, emergency coronary artery revascularization, carotid
surgery, cardiac mortality, and all-cause mortality. Emergency
coronary revascularization includes percutaneous coronary
intervention or coronary artery bypass graft. The secondary
outcome will be any atherosclerotic cardiovascular disease,
broadly defined to include events occurring in the coronary,
cerebral, aortic, and peripheral vasculature. Therefore, the
secondary outcomes will also include ischemic heart disease,
coronary heart disease, coronary artery disease, cerebrovascular
diseases, including carotid disease, and peripheral vascular
disease, including aortic aneurysm. The number of events among
those who received any testosterone intervention will be
compared to that in the control group of usual care or no
testosterone intervention.
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Types of Studies
Randomized controlled trials or cluster randomized controlled
trials with at least one intervention arm of testosterone and a
control group of usual care or no testosterone treatment will be
included. Experimental studies with no randomization (such as
quasi-experimental studies) will not be included in this study.
Observational cohort studies, case-control studies, nested
case-control studies, cross-sectional studies, case series, and
case reports will also not be included.

Search Strategy
Peer-reviewed information published in electronic databases
will be searched. Search terms will include testosterone AND
(cardiac OR heart OR stroke OR myocardial infarction OR
atherosclerosis OR revascularization OR Agatston score OR
death OR angina OR carotid OR artery OR coronary OR
cerebral OR aortic OR peripheral vascular) anywhere in the text
by using truncation and wildcards when available, to
accommodate for different spellings. The search modes will be
set to Boolean/Phrase when available. In addition, the limiters
will be human studies, studies done on males, publications
written in English, and publication year set to range from 1980
to 2019 and when available, and peer-reviewed randomized
controlled trials. If full-text is not available, the original study
authors will be contacted for the full-text of the article published
in English language.

Information Sources
CINAHL (Cumulated Index to Nursing and Allied Health
Literature), Embase, Medline, Scopus, and Cochrane Controlled
Register of Trials will be searched using the advanced search
function, where available. The following search strategy will
also be applied when searching the Clinical Trial Registry
(ClinicalTrials.gov) for trials with completed results. References
of the selected articles will also be scanned to ensure literature
saturation.

Study Selection
The number of records found from each database and the
Clinical Trial Registry will be noted in the format of the
PRISMA flow diagram. The full details of the articles will be
imported to an EndNote library. Duplicates of identical records
will be removed and the number of duplicates removed will be
recorded in the PRISMA flow diagram. Two independent
reviewers will screen the titles and abstracts of the remaining
articles. Articles that are conference abstracts, review articles,
observational studies, response or letters to the Editors, not on
men, on isolated cells or artery specimens, and irrelevant
outcomes will be excluded and the number recorded on the
PRISMA flow diagram. If consensus is not reached at the
screening phase, there will be discussion between the 2
reviewers or a third independent reviewer may be invited to
screen the articles until consensus is reached. The remaining
full-text articles will be screened against the selection criteria.
Full-text articles that do not meet the eligibility criteria will be
excluded and the number recorded on the PRISMA flow
diagram. If multiple articles were produced from the same active
intervention by the same group of authors at the same institution
on the same outcome, only the article with the most complete

follow-up data will be included in the review. Discussion
between 2 independent reviewers or involvement of a third
independent reviewer will resolve disagreement on the selection
of the articles. References of the selected articles will also be
screened as above to ensure literature saturation. The final
number of the selected articles will be noted on the PRISMA
flow diagram.

Assessment of the Methodological Quality
The quality of the studies will be assessed by 2 independent
reviewers following the Cochrane Collaboration’s tool for
assessing risk of bias. The risk of bias will be assessed in terms
of sequence generation, allocation concealment, blinding,
incomplete outcome data, selective outcome reporting, and bias
that may be threats to the validity [14]. Each of these will be
assessed as “low risk,” “high risk,” or “uncertain risk” of bias
[14] at the study and outcome level. Discussion between 2
independent reviewers and involvement of a third independent
reviewer will be required until consensus is reached.

Data Extraction
The number of articles retrieved and excluded will be recorded
in the format of the PRISMA flow diagram. The characteristics
of the included study and participants will be noted in a table,
grouped by the types of testosterone therapy received. Data
extraction will be piloted from a small group of studies by 2
reviewers. One reviewer will then independently extract the
data from all the selected articles, which will be verified by the
second reviewer. There is no plan of individual patient data
meta-analysis; therefore, no further data will be sought from
the original researchers. Depending on the number of selected
articles, the mean or risk ratios of the outcomes will be presented
in a number of tables. Data to be extracted for the review and
meta-analysis will include the following: (1) general information
of the article (authors, year of publication, country of origin,
source of funding), (2) study characteristics (aims of the study,
study design, duration of the study, recruitment criteria,
sampling technique, unit of randomization [participant or general
practitioner]), (3) baseline participant characteristics by
intervention group and control group (sample size, age, ethnicity,
comorbidities, testosterone level, plaque volume, body mass
index or weight classification, smoking status), (4) intervention
(generic and trade name of the testosterone therapy, dosage,
frequency of administration, and duration of intervention), (5)
comparator (usual care or type of placebo for the control group),
and (6) outcomes (number lost to follow-up, number of
cardiovascular events, odds ratio, risk ratio, hazard ratio, mean
[SD] change in volume/score, and effect size). If the data of the
key outcomes are not available, the authors of the selected
articles will be contacted for the required information.

Data Synthesis
The quality of the evidence will be assessed against Cochrane’s
domains of risk of bias [15]. Meta-biases due to study design
or methodological biases, reporting, and publication bias will
be assessed. Publication bias will be assessed using Egger’s test
and funnel plots [16]. Heterogeneity across studies will be

assessed through visual inspection of the forest plot, I2 statistic,

and τ2 [13]. A fixed-effect meta-analysis using the
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inverse-variance method will be performed if there is minimal
heterogeneity [17]. A random-effect model following the
DerSimonian and Laird method may be performed to account

for heterogeneity (I2 statistic >50%) across studies [18]. Possible
small sample bias will be assessed by comparing the fixed effect
estimate against that from the random effects model. The
primary outcomes are the presence of clinical events of any type
of stroke or transient ischemic attack, nonfatal myocardial
infarction or acute coronary syndrome, emergency coronary
artery revascularization, carotid surgery, cardiac mortality, and
all-cause mortality. The secondary outcome is any
atherosclerotic cardiovascular disease, which includes ischemic
heart disease, coronary heart disease, coronary artery disease,
cerebrovascular and carotid diseases, aortic aneurysm, and
peripheral arterial disease. The number of events regarding
primary and secondary outcomes among those who received
any testosterone intervention will be compared to that of the
control group of usual care or no testosterone intervention and
the likelihood of events presented as risk ratios with 95%
confidence intervals. Findings regarding coronary
atherosclerosis will be reported as changes in the volume of
calcified plaque and noncalcified coronary atheromatous plaque
or coronary calcium score or Agatston score between baseline
and endpoints of the studies (mean [SD]). Carotid atherosclerosis
will be reported as the change in the carotid intima-media
thickness and volume of carotid plaque between baseline and
endpoint of the studies (mean [SD]). The presence of aortic or
carotid inflammation on positron emission tomography, in
absence of vasculitis, will be reported as the evidence of aortic
or carotid atherosclerosis.

Three a priori hypotheses will be tested using stratified
meta-analyses. These hypotheses are types of testosterone
treatments (oral administration, transdermal application,
intramuscular injection or implant vs no testosterone), dosage
of testosterone received (total dosage [mg] received during the
duration of the study vs no testosterone), and follow-up period
(at least 6 months vs more than 6 months). Sensitivity analyses
will be performed by excluding studies with high risk of bias

and those with pharmaceutical funders. High-risk bias includes
any bias rising from issues with allocation concealment
(selection bias), blinding (performance bias), incomplete
outcome data (attrition bias), selective outcome reporting
(reporting bias) [14], or a combination of these issues. The
strength of evidence on the effect estimate will be reported as
“strong confidence” (no further research will affect the
confidence of the effect estimate reported in the current
findings), “moderate confidence” (further research may affect
the confidence of the effect estimate reported in the current
findings), or “uncertain” (further research will most definitely
affect the confidence of the effect estimate reported in the
current findings).

Ethics and Dissemination
All data extracted will be in aggregated form with no access to
identifiable individual data. No ethics approval is required. This
protocol has been registered on PROSPERO (Prospective
Register of Systematic Reviews, registration number:
CRD42019134278). Findings will be shared via PROSPERO
and a peer-reviewed journal.

Results

The search terms have been piloted and finalized. After selecting
and assessing the quality of the publications, data extraction
and analyses will begin. Data synthesis and presentation of the
findings will be completed by the end of 2020.

Discussion

There is a high rate of prescription of testosterone despite its
unclear effect on cardiovascular events in men. A thorough
evaluation of the published trials, as guided by this protocol,
will provide evidence-based recommendations to ascertain the
real benefits, neutral effects, or adverse effects on the
cardiovascular health of men. It is anticipated that the findings
will facilitate effective and safe clinical management of
hypogonadal men.
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Abstract

Background: Communication and comprehension of medical information are known barriers in health communication and
equity, especially for non–English-speaking caregivers of children with special health care needs.

Objective: The objective of this proposal was to develop an interoperable and scalable medical translation app for
non–English-speaking caregivers to facilitate the conversation between provider and caregiver/patient.

Methods: We employed user-centered and participatory design methods to understand the problems and develop a solution by
engaging the stakeholder team (including caregivers, physicians, researchers, clinical informaticists, nurses, developers, nutritionists,
pharmacists, and interpreters) and non–English-speaking caregiver participants.

Results: Considering the lack of interpreter service accessibility and advancement in translation technology, our team will
develop and test an integrated, multimodal (voice-interactive and text-based) patient portal communication and translation app
to enable non–English-speaking caregivers to communicate with providers using their preferred languages. For this initial
prototype, we will focus on the Spanish language and Spanish-speaking families to test technical feasibility and evaluate usability.

Conclusions: Our proposal brings a unique perspective to medical translation and communication between caregiver and
provider by (1) enabling voice entry and transcription in health care communications, (2) integrating with patient portals to
facilitate caregiver and provider communications, and (3) adopting a translation verification model to improve accuracy of artificial
intelligence–facilitated translations. Expected outcomes include improved health communications, literacy, and health equity. In
addition, data points will be collected to improve autotranslation services in medical communications. We believe our proposed
solution is affordable, interoperable, and scalable for health systems.

(JMIR Res Protoc 2020;9(10):e21038)   doi:10.2196/21038

KEYWORDS

medical translation; mobile app; special health care needs; pediatrics; caregiver-provider communication

Introduction

Background
Children with special health care needs have a high number of
hospitalizations and require more specialized services. Due to
the complexity of their conditions, transitioning children with
special health care needs from inpatient care to continuing
therapy in the home setting is often challenging. Despite these
challenges, a successful transition of care is critical to help

families of children with special health care needs optimize
their child’s outcome. Caregivers of children with special health
care needs need to communicate with the clinical team
frequently to report symptoms, request medication refills,
receive care instructions, seek care advice, and discuss other
health issues. Thus, ensuring that caregivers of children with
special health care needs understand the discharge summaries
and care plans, have timely access to communication channels
to address their questions, and are given guidance to appropriate
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services is essential for a smooth transition of care and to
achieve the best state of health for their children.

Communication and comprehension of medical information is
a known barrier for patients and their caregivers, especially for
non–English-speaking caregivers [1,2]. Non–English-speaking
caregivers, by definition, are caregivers who have limited
proficiency and understanding of the English language. Use of
professional interpreters in medical communications with
non–English-speaking caregivers and patients is a standard
procedure. During discharge, instructions on medications and
care plans are typically delivered through a professional
interpreter—in person or through phone/video services [3].
However, it is possible that non–English-speaking caregivers
might not fully understand the information provided during
transition of care and might not feel comfortable engaging in a
conversation with the clinical team. In addition, it is not common
for translated medication instructions and care plans to be
provided in written format, especially for less common
languages. Non–English-speaking caregivers have to rely on
their own notes or memories to adhere to the care or medication
guidance. There are also scenarios when public health and
clinical guidelines have been disseminated broadly without
support for non–English-speaking communities, which may
lead to inequitable care [4,5], as evidenced by the current
COVID-19 pandemic crisis [6].

Gap Analysis
Unfortunately, it can be difficult to access a certified medical
interpreter whenever needed. In addition to accessibility and
availability, there is the additional burden of cost to the health
care system of providing interpretation services [7,8]. Another
barrier to adequate interpretation for non–English-speaking
caregivers is the limited engagement of interpreters at the point
of care. Communication typically occurs at a single point in
time and mostly focuses on specific current aspects of care
without a comprehensive conversation (eg, treatment plans,
assessment, diagnosis). Needing a professional interpreter
creates a hurdle for patients and their caregivers outside clinical
encounters, especially after hospital discharge, when
non–English-speaking caregivers need information and guidance
the most, including care navigation.

Under Title VI of the 1964 Civil Rights Act, public agencies
are obligated to provide competent language assistance to
individuals with limited proficiency in the English language.
Use of certified medical interpreters is ideal, but these
individuals may be limited in their availability, particularly
outside of business hours, in less-resourced settings, and for
less common languages or dialects. Technology-based language
translation was identified as a potential approach for facilitating
and improving communication among patients and health care
providers [9]. Web-based translation tools, such as Google
Translate, were found to be useful in patient-provider
interactions [10]. However, these tools demonstrate significant
quality issues in terms of discrepancy and inaccuracy for clinical
communications [10-12]. Evidence suggests that significant
improvements in commonly used web-based translation tools
will be required before these tools can be used reliably for
routine medical translation.

In summary, there is a critical need to fill this gap of translation
services for non–English-speaking caregivers of children with
special health care needs who need it most during transitions
of care and for timely communications with providers outside
of clinical settings. We propose to develop an easy-to-use mobile
translation and documentation app that could be integrated with
patient portals to bridge the communication gap between
providers and non–English-speaking caregivers. We hypothesize
that our app may reduce the dependency on medical interpreters
for certain communication needs, thereby reducing potential
delays in communication between non–English-speaking
caregivers and their child’s care team. In addition, such an app
may increase the efficiency of two-way communication and
documentation of non–English-speaking caregivers by enabling
message archiving into both the app and the patient’s electronic
health record (EHR). In this study, our aim is to understand the
technical feasibility and usability of the app for health translation
services during the transition of children with special health
care needs to home care.

Prior Works
To our knowledge, there is no existing medical translation app
with translation ability for Spanish users specializing in the care
of children with special health care needs. Current translation
services in apps (eg, Google Translate, iTranslate, and Speak
& Translate) provide very limited support with generic medical
term translations. All translation apps, other than Google
Translate, are accessible only by paid subscribers. Currently,
voice-to-text or voice-to-voice translation services for Spanish
exist, but they are not integrated with medical systems [13].
Canopy Speak was found to perform well as a medical translator
app [14], but it was not capable of integration with EHRs at the
time of the study. Multimedia Appendix 1 provides a list of
medical diary apps available on the market as of March 2020.
The majority of the apps are in the English language and few
support other languages. None of the diary apps have any
functionality of translation or integration to EHRs for
communications.

Methods

User-Centered Approach
The Digital Health Innovation Team and the Section of Complex
Care at Nationwide Children’s Hospital (NCH) have
collaborated to bring together multidisciplinary perspectives
and expertise to develop digital health solutions in this area.
We engaged with end users iteratively throughout the entire
process of problem solving—from initial problem identification
and formulation, ideation of possible solutions, integration with
clinical workflow, testing of user acceptance, and choosing a
deployment strategy to obtaining postimplementation user
feedback.

During preliminary exploration and shadowing sessions in the
clinical areas with providers, nurses, nutritionists, and
pharmacists, multiple challenges of translation service
availability and accessibility were identified. One example was
when a mother of a patient called the clinic’s nursing line when
translation services were not available. She left a message in
her native language; by the time the nurse had a medical
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interpreter available to call the mother back, she was not
available. This situation recurred multiple times during the
observation period. There was consensus among the clinical
team that only a few languages were common in their patient
population but translation services for those languages may not
be readily accessible. This leads to additional stress and burden
for both families and clinical staff. In the case of urgent
concerns, the lack of timely interpretation could have negative
health consequences. We employed a user-centered design in
first understanding the problems identified by our complex care
team members, and then brainstorming together about potential
solutions. Additionally, we interviewed complex care teams to
better understand the clinical workflow and how potential
solutions could fit into it.

After exploring the use of medical interpreters, the lack of
interpreter service accessibility, and the lack of translation
technology maturity, we propose a medical translation
communication app, which we initially intend to support
Spanish-speaking families. If successful, the app could be easily
expanded to accommodate other languages. Since 2006, the
staff at NCH has cared for more than 24,000 registered
Spanish-speaking pediatric patients across 800,000 medical
encounters and generated more than 2.8 million patient notes.
We plan to interview non–English-speaking caregivers to
understand their needs in medical communications, their
challenges in using a traditional patient portal, and how a
translation app could be seamlessly integrated into the existing
channels of communication with their child’s care team. Our
previous user-centered research has been successfully
implemented [15], funded (eg, Challenges of the Health
Resources and Service Administration’s Maternal and Child
Health Bureau), and supported in complex care [16,17]. We
will follow a similar strategy to engage end users and
community members with our multidisciplinary stakeholder
team.

Research Team
We will build the app in-house by leveraging the expertise of
our experienced developers and the information systems team
at NCH. We assembled an interdisciplinary stakeholder team

(including caregivers, physicians, researchers, clinical
informaticists, nurses, developers, nutritionists, pharmacists,
and interpreters) at our hospital to better understand and outline
the existing problems and opportunities, and to create the
potential solutions. Supporting this team are a number of
information technology (IT) personnel who have experience
building Amazon Web Services (AWS) solutions, EHR analysts,
physician informaticists, other clinicians, and 150 full-time care
coordinators.

Proposed Solution
We propose to develop an EHR-integrated, multimodal
(voice-interactive and text-based) communication and translation
app to enable non–English-speaking caregivers and providers
to communicate with one another, each in their preferred
language, during transition to home care (off site). Major user
functionalities are grouped into 3 categories: communication,
translation, and documentation.

Communication
Non–English-speaking caregivers will be able to enter medical
messages via voice or text in Spanish. Entries will be transcribed
and translated online using AWS. The provider will receive an
English transcribed text (with audio attachment if voice entry
is used) and will be able to respond using text or voice, which
will be translated into Spanish through AWS and sent as
transcribed text with an audio attachment (Figure 1).

Providers will be able to initiate communication and access
communication histories through the EHR with no change to
their existing clinical workflow. The app will be integrated into
the EHR through the patient portal, which allows providers to
see patient messages in the EHR message inbox. Providers will
have access to a web app to translate their messages. The
translated texts will be sent over the patient portal. Figure 1
provides an example of an app interaction between a Spanish
non–English-speaking caregiver and a complex care nurse. As
a nurse initiates the conversation over the EHR messaging
service, it will be translated into Spanish using AWS and will
appear in the app interface.
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Figure 1. App wireframe.

Translation
Web-based translation services through AWS will be used to
translate messages and information shared by caregivers and
providers. However, to reduce the number of translation errors,
we will add a verification process that requires users to manually
review translated messages (Figure 2). When a caregiver enters
a message in Spanish, the text will be translated into English
and back into Spanish in real time. The caregiver will be able
to review the Spanish text and make edits, such as rephrasing
the sentence or changing words, to reduce errors. This process
may continue iteratively until the caregiver is satisfied with the

translation. Similarly, providers will be able to enter English
text through the web app and to review translated texts.

When necessary, on-site professional interpreters will be able
to assist with message translations by correcting and verifying
complex or crucial autotranslated messages to ensure validity.
Verification will be shown on the app (Figure 1 shows verified
and unverified messages). Interpreter assistance will be helpful
in translating discharge documents for the caregiver. Spanish
non–English-speaking caregivers will also be able to use
autotranslation in their communications through the app, and
to correct or verify the content (Figures 2 and 3).
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Figure 2. Verification process for translation.

Figure 3. Verification screen.

Documentation
Nurses will be able to share discharge documentation and care
plans through the app, which can be translated into Spanish

through AWS. The app will log each communication entry and
archive it on the cloud server and in the app, which
non–English-speaking caregivers can review offline. Eventually,
as outlined in Figure 4, the app will take on some of the
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workload of medical communication and translation. In the
current practice, in each medical communication during home
care transition, a professional interpreter is needed to
communicate transition documentation and help with phone
triaging. With the proposed model, translations will be

maintained by the system (translating documents and messages),
and professional interpreters will be asked to help when
necessary for validation of complex communications. However,
in-person communications at the hospital will still be maintained
by professional interpreters.

Figure 4. Proposed framework for medical translation services. API: application programming interface; AWS: Amazon Web Services; EHR: electronic
health record.

Infrastructure and Integration
To maximize access, minimize cost, and minimize disruption
to the clinical or administrative workflow, we will design a
scalable, extensible, and integrated solution, leveraging AWS
as our backend environment for translation services, and
integrate it with our EHR system through O-Auth 2.0 and Fast
Healthcare Interoperability Resources (FHIR) standards. AWS
has demonstrated promising developments in translation and
natural language processing services, especially with medical
transcription and understanding [18], with improving accuracy
and expansion to additional languages. Using AWS allows us
to develop a scalable infrastructure for the app. The elasticity

of AWS will enable the app to be deployable to a larger user
base without any code or infrastructure changes. Integration to
the EHR through FHIR is also critical for a modern health
application, although traditional web services may be leveraged
for specific data elements to maintain compatibility with current
EHR platforms. As health care provider organizations and EHR
systems increasingly support these types of interoperable
standards, the IT and administrative costs have been reduced
to support the integration and deployment of a mobile app that
interfaces with the EHR. NCH has already established guidelines
and standard processes to address security and privacy issues.
Some of the technical requirements are as follows: (1)
infrastructure needs of AWS’web server, DynamoDB database,
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and Lex/Polly services, which may affect the cost of service as
more users adopt the app, (2) AWS translation application
programming interfaces between Spanish and English [19], and
(3) an existing iPhone operating system (iOS) device (iOS 11+;
support will be extended to Android devices in later phases).

Evaluation
The usability and acceptance of the app will be measured using
scientific methods. Our team has an extensive track record in
acceptability and usability testing [17,20,21]. We will be
employing a user-centered, participatory design and testing
methodology, and widely adopted usability and acceptance
scales, such as the system usability scale (SUS) and the
technology acceptance model (TAM) [22,23]. The app will be
tested by including non–English-speaking caregivers and the
stakeholder team in the initial design, performing prototype and
real-world testing, and eventually gathering their feedback
through semi-structured interviews or surveys. Technical
feasibility will be evaluated through internal assessment of the
extent of interoperability with EHR and scalability with AWS.

The user-centered, participatory design protocol involves all
stakeholders who will be invited to participate in design
sessions. The initial meeting will aim to identify the problem
space, current practice, needs, and expectations. An interactive
design session is planned to capture stakeholder thoughts using
words, color codes, and drawing boards. These projective tools
are aimed to collect rich information and feedback from the
participants [24]. Follow-up meetings will be held to
communicate the initial design of the app prototype and to get
feedback. The last session will be a testing session during which
stakeholders and non–English-speaking caregiver participants
will test the prototype.

Non–English-speaking caregiver participants (n=20) will be
recruited from caregivers of NCH patients via email, phone call,
text message, or face-to-face communications. Eligibility criteria
are (1) limited English-language proficiency, (2) Spanish as the
primary language, and (3) having a child receiving care at the
complex care clinic at NCH. Non–English-speaking caregiver

participants will be offered a gift card of up to US $30 for their
participation. Their feedback will be collected through an
electronic survey or interview that is guided by usability and
acceptance questions and guidelines informed by the SUS and
the TAM [22,23]. Given the limitations of face-to-face meetings
during the COVID-19 pandemic, our backup plan is to complete
all meetings and testing online. Our plan is to use virtual
drawing boards and interaction materials to communicate needs
and expectations and to receive feedback. In addition, we may
run the app on a webpage for users to interact through browsers
on their computers or mobile phones.

Overall, the expected participatory design and development
timeline is 6 months. Throughout the study, we will periodically
communicate with all stakeholders via email, SMS text
messaging, or phone call to update them about development
progress and get feedback when necessary. This study is exempt
from institutional review board review.

Results

Thematic analysis will be used to identify, assess, and analyze
patterns in the data [25]. We will record the audio and also keep
meeting notes and observational notes during the sessions. The
recorded audio will be transcribed and merged into a single
document with observational notes that will be kept by at least
one researcher. Thematic coding will be done by following
Braun and Clarke’s thematic analysis guideline: (1) familiarizing
ourselves with the data, (2) generating initial codes,
(3) searching for themes, (4) reviewing and refining themes,
(5) defining and naming themes, and (6) reporting the findings
[25]. The expected outcomes of our evaluation are qualitative
input from all stakeholders and qualitative and quantitative
feedback from non–English-speaking caregiver participants in
response to usability and acceptability surveys. Eventually, our
aim for the proposed app is to increase engagement and timely
communication between caregivers and providers, which may
lead to improved health outcomes [6]. A tentative timeline is
shared in Table 1.

Table 1. Study timeline.

Month 6Month 5Month 4Month 3Month 2Month 1

     ✓Kickoff meeting and planning

 ✓ ✓✓ Participatory design sessions

 ✓✓✓✓ Development

✓✓    Maintenance

✓✓    Testing

✓     Reporting

Discussion

Principal Findings
The proposed solution should lead to better health outcomes in
both the short term and the long term, especially for patients
with chronic and/or complex conditions, by empowering and
engaging patients and caregivers. By overcoming the language

barriers between clinical teams and non–English-speaking
patients or caregivers, the proposed solution will transform the
way they can communicate and how they work together to
achieve the best outcome for the patients. By making
information more accessible and communication easier,
non–English-speaking patients and caregivers will (1) be
equipped with the correct information in their own language,
(2) be able to more actively engage in clinical care decision
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making, (3) be more adherent to care plans, (4) carry out needed
care activities outside of clinical settings, and (5) keep the
clinical team informed.

The proposed solution could also lead to better health literacy.
It helps caregivers to be more familiar and comfortable with
medical terminology and health information, to develop a habit
to document symptoms and issues, and to improve
English-language proficiency. Communicating with clinical
teams and revisiting these archived communication notes would
help non–English-speaking caregivers to get familiar with
communication language, as well as medical terms and concepts
in care communications. Currently, in-person translation services
may be lacking at providing transcription of communications,
which may limit non–English-speaking caregivers to learning
only during the engagement. The ability to access transcripts
would facilitate gaining English-language proficiency. With
the support of AWS medical vocabulary and increased accuracy
in capturing medical terms, transcription would include accurate
medical terms (such as diagnosis and medications), and would
eventually help non–English-speaking caregivers to learn the
correct spelling and pronunciation of medical terms and
medication names (which has also been problematic in
communications, especially during phone triaging). In the long
term, this engagement would have a positive impact on the
effectiveness of in-person communications with providers.

In addition to improving health outcomes and literacies for
individual patients and caregivers, we believe this
communication transformation could lead to more equitable
care for non–English-speaking communities. These communities
can be hard to reach for public health announcements and
dissemination of general health information due to language
and cultural barriers. They have a lower rate of patient portal
sign-ups and may be unable to understand health-related
information posted on health care organizations’websites. This
proposed solution will encourage their adoption of patient
portals, allowing them to have meaningful communications
with their health care organizations. In turn, health care
organizations could leverage this communication channel to
disseminate important health information. In future work, we
aim to propose the use of the translation service over patient
portals once we gather evidence on the feasibility and
performance of the app.

The proposed solution could improve the accuracy of automated
medical translation services in the long term. The app will be
able to collect information about original and revised
translations, corrected sentences and words, frequency of
translations, and used and modified texts with timestamps. On
the provider side, we will be able to label original translations
by professional interpreters. The data will be used to train and
test natural language processing and natural language
understanding algorithms to improve the online translation
services for Spanish and complex care communication. In future
phases of this research, this algorithm will add a layer between

AWS and the app—as a quality check and correction service
maintained by the research team.

The proposed solution is planned to be scalable and affordable.
To patients and caregivers, the estimated cost is anticipated to
be relatively low compared with conventional methods of
translation, only requiring a download of a free mobile app on
existing personal mobile phones and learning some intuitive
functions of the app. Families may have an added expense
related to their data plans. This solution requires minimal
administrative, financial, clinical, and technical investments,
thus offering greater accessibility. With the flexible back-end
solutions, it can also be used by other patients and hospitals and
is not limited to children with special health care needs or
pediatric care. However, children with special health care needs
and other patients with chronic illnesses may be the most
motivated to adopt this tool and may benefit from it the most.

Challenges and Limitations
One of the main limitations with online translation services is
accuracy. As mentioned previously, online translation could
yield unintended translations with dire consequences in a clinical
setting. To avoid that, we will translate the content back to the
sender to validate if the content is accurate. Figure 2
demonstrates the process and Figure 1 shows a wireframe of
the app user interface for Spanish text. It will also be applicable
for English text from providers in the EHR dashboard. The
translation and verification process outlined in Figure 2 could
take a couple of iterations if the statements are complex. To
overcome this limitation, we plan to use professional interpreters
to review translations on the provider side. However,
non–English-speaking caregivers and providers may need to
simplify communication text to increase the accuracy of
translations. We aim to improve translation services in the long
term as we collect more data. We plan to keep records of
translations for future efforts to develop and improve artificial
intelligence algorithms in language understanding and app
translations in complex care. The target population is assumed
to have limited English-language proficiency and adequate
literacy to engage with the app. To reduce any medicolegal risk,
messages sent to providers will include a notice regarding the
potential risk of translation errors and a suggestion to include
an interpreter service when necessary. For non–English-speaking
caregivers, users will be informed about verified and unverified
messages and potential errors in translations.

Further research is planned to be inclusive of low-literacy
non–English-speaking caregivers through voice assistant–based
engagement. The current proposal includes voice interaction in
message entry only. Future implementations would include
partner hospitals and organizations, as well as public and federal
funding agencies to improve the solution, scale the deployment,
and sustain funding. Eventually, we plan to make the app open
source and to work with commercialization support offices to
plan for long-term sustainability of the app.
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Abstract

Background: Multimorbidity, the coexistence of multiple chronic conditions in an individual, is a growing public health
challenge. Amidst the COVID-19 pandemic, physical distancing remains an indispensable measure to limit the spread of the
virus. This pertains especially to those belonging to high-risk groups, namely older adults with multimorbidity. In-person visits
are discouraged for this cohort; hence, there is a need for an alternative form of consultation such as video consultations to continue
the provision of care.

Objective: The potential of video consultations has been explored in several studies. However, the emergence of COVID-19
presents us with an unprecedented opportunity to explore the use of this technological innovation in a time when physical distancing
is imperative. This study will evaluate the sustainability of video consultations on a micro-, meso-, and macro-level by assessing
the views of patients, physicians, and organizational and national policymakers, respectively.

Methods: The NASSS (nonadoption, abandonment, scale-up, spread, and sustainability) framework was designed as a guide
for the development of health care technologies. In this study, the implementation of and experiences related to video consultations
will be studied using the NASSS framework. Individual in-depth interviews or focus group discussions will be conducted with
participants using the Zoom platform. Data will be analyzed by at least two investigators trained in qualitative methodology,
organized thematically, and coded in two phases—an initial phase and a focused selective phase. All disagreements will be
resolved by consulting the larger research team until consensus is reached.

Results: This study was approved for funding from the Geriatric Education and Research Institute. Ethics approval was obtained
from the National Healthcare Group Domain Specific Review Board (reference #2020/00760). Study recruitment commenced
in July 2020. The results of the data analysis are expected to be available by the end of the year.

Conclusions: This study aims to evaluate the adoption and sustainability of video consultations for older adults with multimorbidity
during the pandemic as well as post COVID-19. The study will yield knowledge that will challenge the current paradigm on how
care is being delivered for community-dwelling older adults with multimorbidity. Findings will be shared with administrators in
the health care sector in order to enhance the safety and quality of these video consultations to improve patient care for this group
of population.
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Introduction

Background
The utilization of remote consultations via telemedicine is not
new to the health care scene [1]. Studies in several countries
have discussed the benefits and challenges of remote
consultations, which are often used to promote access to health
care for rural and geographically isolated populations [2-5].
Other specific populations that have benefited from remote
consultations are patients in palliative care [6,7], neonatal care
[8,9] and postoperative care [10].

The COVID-19 pandemic has unexpectedly accentuated the
need for remote consultations. In Singapore, the use of
telemedicine apps has risen sharply [11], and dormitories
housing foreign workers are using remote video technologies
to monitor patients’well-being during the pandemic [12]. Health
care professionals in public primary care have started to defer
in-person consultations and replace routine in-person follow-up
appointments with telephone consultations. However, telephone
consultations have serious limitations compared to in-person
visits, since the clinician cannot use visual information about
the patient to assess well-being. Video consultations offer a
means of overcoming the limitation of not being able to see the
patient, allowing for a more holistic assessment [1]. Despite the
advantages of video consultation, its performance in terms of
safety and effectiveness to render care for older adults with
multimorbidity is unknown.

The potential of video consultations is of relevance to the
geriatric population. Many older adults have multiple chronic
conditions or multimorbidity [13], and require regular follow-up
with different clinicians. As a high-risk group, older adults have
been strongly encouraged to stay home during this crisis, as
catching the infection poses serious risks for them [14].
Moreover, older adults with multimorbidity may face challenges
related to physical mobility because of their ill health or frailty,
making traveling to the clinic both dangerous and cumbersome.
In order to maintain physical distancing, video consultations
serve as a means for health care providers to continue care for
this group of patients. To protect this vulnerable group of
patients from COVID-19 infection, many of their scheduled
physical medical appointments to primary care clinics have
been postponed or converted to telephone consultations since
February 2020 when Singapore moved into a semilockdown.
Under the Ministry of Health’s regulatory sandbox for
telemedicine providers, video consultation has been piloted in
several private primary care clinics in Singapore since 2018
[15,16]. In the public sector, limited telemonitoring,
telecollaborations, and telephone consultations have been used
but video consultations have not been attempted.

In a recent online survey conducted at National Healthcare
Group Polyclinics (NHGP) involving 712 patients who had

telephone consultations in place of in-person consultations
during the COVID-19 pandemic, approximately 95% of
respondents agreed to use a telephone consultation again, and
93.1% would recommend it to another person. However, 8%
of respondents preferred in-person consultations, citing a lack
of personal touch as the main reason. Some of the respondents
also complained that they could not see the doctor and would
prefer a live video chat instead.

Conducting a video consultation may be considered a disruptive
innovation since it simultaneously adheres to physical distancing
measures during the COVID-19 pandemic while shifting the
boundaries of doctor-patient consultations. Studies in other
countries have shown that the implementation of telemedicine
can be hindered by clinician nonacceptance and conflict with
organization culture [17]. The successful introduction and
implementation of video consultation will depend on the
acceptability of the new intervention to both the intervention
deliverers (ie, physicians) and the recipients (ie, patients). On
a broader level, the health organizations’ readiness to adopt the
innovation and the wider national context should also be taken
into consideration [17].

Although Singapore is a nation with technologically developed
infrastructure, levels of comfort with video technologies and
tech savviness vary considerably. Communication issues
including hearing and language difficulties may be exacerbated
when the consultation is not performed in person, especially
for older adults. Therefore, it remains to be seen what the
benefits and drawbacks of a video consultation might be for
older adults with multimorbidity in the Singapore context.

While the use of video consultations is promising as an
alternative mode of care, extant literature has demonstrated the
relevance of sociodemographic factors in patients with
multimorbidity. Multimorbidity is known to be more prevalent
in socioeconomically disadvantaged groups [18-20]; this was
also evident in a study conducted in Singapore [13]. People
from less privileged households in Singapore were reportedly
less likely to have internet access or personal computers,
according to Singapore’s Household Expenditure Survey
2017/2018 [21]. As such, the potential of video consultations
for older adults with multimorbidity needs to take into
consideration factors such as the digital divide leading to limited
access among older adults, who tend to have lower levels of
literacy and limited economic and social resources. While the
present study acknowledges the ramifications of the digital
divide, our current objectives are to pilot a video consultation
workflow and identify challenges that even the more adept
patients struggle with, as well as to identify whether there is a
sizeable proportion of older adults with multimorbidity who are
comfortable with video consultations. Being an IT (information
technology)-related pilot project, we anticipate that some
self-selection will occur, resulting in the patient population for
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this study potentially being more IT-literate than the general
population.

The goal of this pilot project is to explore the adoption and
sustainability of video consultations in order to arrive at a better
understanding as to how the current health care system can be
improved to ensure levels of care for patients can be maintained
through this trying time. We also propose to use the findings
acquired from the study as a precursor to further studies that
will inform the future implementation of video consultation
with family physicians for older adults with multimorbidity in
the primary care setting in Singapore.

Objectives
The objectives of this study are as follows:

1. At the micro-level (individual technology users): to study
how patients are seen, heard and their needs are met in a
safe manner; to explore patients’ and physicians’
acceptance, communication issues and logistical demands,
thereby elucidating the features of an optimal video
consultation

2. At the meso-level (organizational processes and systems):
to understand and explore the social, technical, financial,
and logistical support or lack thereof from the organization,
thereby elucidating the requirements for introducing,
sustaining, and scaling up of video consultations

3. At the macro-level (national policy and wider context): to
understand the current regulatory, legal, professional,
sociocultural, political, or policy context, in order to alert
key stakeholders to the potential barriers and challenges of
video consultation as a regular health care service model
in the post–COVID-19 phase.

Research Questions
Our research questions are as follows:

1. What features characterize an optimal video consultation
and how does the experience differ from an in-person
consultation?

2. On an organizational level, what are the factors that affect
the implementation of video consultations?

3. What is the national-level context of implementing video
consultations as a regular health care service model option
in the post–COVID-19 new normal?

Methods

Study Design and Conceptual Framework
This is a predominantly qualitative descriptive study for
understanding the perspectives of various stakeholders (patients,
family physicians, organizational implementers/leaders, and
organizational/national policymakers) on video consultation for
community-dwelling older adults with multimorbidity in a public
primary health care setting in Singapore.

Six domains from the nonadoption, abandonment, scale-up,
spread, and sustainability (NASSS) technology implementation
framework [17] will be adopted to guide our study design and
analysis (Figure 1). The domains are the health condition, the
technology, the value proposition to patients, the adopter system
(family physician and patient), the health care organization
(including attention to implementation and adaptation), and the
wider system (related political, regulatory, legal, professional,
and sociocultural factors). We propose to use the framework
prospectively and in real time to explore the challenges of
introducing and implementing video consultations to support a
new health care model.
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Figure 1. The NASSS (nonadoption, abandonment, scale-up, spread, and sustainability) framework (adapted from Greenhalgh et al [17]).

Setting
All provision of health care services in Singapore is based on
the fee-for-service model with various forms of subsidies
available for those in need. The government often finetunes the
subsidy policies to regulate “the supply and prices of health
care services in the country” to keep public sector health care
costs in check. However, private medical care is largely subject
to market forces.

Singaporeans not empaneled to any specific practice and are
free to choose the providers within the government or private
health care delivery system. The public primary health care
services are provided through an island-wide network of 20
outpatient polyclinics, which provide subsidized primary care
including primary medical treatment, preventive health care,
and health education. In addition, there are up to 1700 clinics
run by private general practitioners. For this study, recruitment
will be based at NHGP, which consist of six polyclinics located
in the northern and central parts of Singapore.

Sampling and Recruitment of Participants
Purposive sampling will be used to obtain views from four
participant groups for this study: patients, family physicians,

organizational implementers/leaders, and organizational/national
policymakers. The patient group will include older adults aged
60 years and above with multimorbidity (at least three chronic
conditions) being managed by the polyclinic who have
undergone at least one video consultation. The family physician
group will include family physicians who have conducted at
least two video consultations. The organizational
implementers/leaders will include members of the senior
management team, family physician leaders, or operational staff
of NHGP involved in the pilot video consultation project. Lastly,
the organizational/national policymakers will include office
holders from NHGP and relevant statutory boards or government
departments.

Potential patient participants will be approached when they visit
the clinic for their laboratory tests. Routinely, an in-person
consultation will follow one week after their laboratory tests.
Patients who are eligible and comfortable to convert their
impending in-person visit to video consultation will be referred
to a research team member after their laboratory tests. Written
informed consent will then be obtained from patients by a
research team member in clinic after explaining the study and
providing ample time for them to ponder and decide. A
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convenient time for an individual in-depth interview will be
arranged within a week after the scheduled video consultation.
All nonpatient participants will be sent an email invitation with
information on the study. Written informed consent for
nonpatient participants will be obtained by a study team member
at their workplace. All study participants will be informed that
the interviews (family physicians and organizational
implementers/leaders) or focus group discussions
(organizational/national policymakers) will be conducted using
an institution-approved secure video conferencing platform and
recorded using a digital audio recorder.

An estimated maximum number of 60 participants will be
recruited: 20 patients (aged ≥60 years with at least three chronic
conditions), 15 family physicians, 15 organizational
implementers/leaders, and 10 organizational/national
policymakers. The recruitment of participants may end earlier
if the interview data have reached thematic saturation.

Data Collection
Individual in-depth interviews and focus group discussions will
be conducted by research team members who have experience
in qualitative research. Each interview and discussion is
expected to last up to 40 minutes and 90 minutes, respectively.
They will be conducted via the institution-approved secure
Zoom platform [22,23]. The Zoom platform as a tool to conduct
video interviews allows for physical distancing to be maintained
so that the research project can be conducted during the
COVID-19 pandemic period. The topic guides are developed
from the NASSS and complexity assessment tool (CAT)
framework. They include questions on the micro-level (patients
and physicians), the meso-level (organizational
implementers/leaders), and the macro-level
(organizational/national policymakers) [24].

Questions at the micro-level will pertain to patients’ and
physicians’experiences of the video consultation (acceptability,
communication needs, safety, and related logistics). At the
meso-level, questions put to organizational implementers/leaders
will relate to discovering what factors and processes within the
organization contribute to or hinder the successful execution of
video consultations. Finally, questions at the macro-level put
to organizational/national policymakers will seek to grasp the
relevant regulatory, legal, professional, and sociocultural context
in which the innovation is implemented, to better understand
what challenges may lie ahead if video consultations become
a regular service model nationwide. We will be collecting
demographic information from patients, including questions on
household type, people they live with, and level of IT literacy.
We will also engage the family physicians in structured
reflective journaling, where they will be asked to provide
reflections on their video consultation experiences. This will
occur at three different time points (at the beginning of their
involvement in the study, midway through the study period,
and at the end of the study), allowing the study team members
to understand how their views change over the course of
initiating and conducting video consultations.

Data Analysis
The interviews and focus group discussions will be transcribed
verbatim. Another data source will include the reflective journals
of the family physicians. Inductive thematic analysis will be
carried out by at least two investigators trained in qualitative
methodology [25]. They will be working independently initially
and develop preliminary coding structures for organizing the
data thematically. Coding would be done in two phases—an
initial phase and a focused selective phase. Once the coding
scheme has been refined, relationships among categories will
be explored to facilitate raising the analytical level from
categorical to thematic in order to make meaningful
interpretations of the data. All disagreements will be resolved
by consulting the larger research team. NVivo version 12 Plus
(QSR International) will be used to help organize the data.

Rigor
Credibility will be achieved through obtaining data from all
stakeholders and investigator triangulation [26]. We aim to
achieve transferability by providing a clear description of the
participants, settings, and research process [27]. Dependability
will be maintained by keeping field notes and recording all
analytic decisions. Finally, we aspire to achieve confirmability
by applying data triangulation and researcher reflexivity [26].

Ethics and Confidentiality
We have obtained ethics approval from the National Healthcare
Group Domain Specific Review Board (reference #2020/00760).
Study team members will ensure that the necessary precautions
are taken to ensure that privacy and confidentiality are
maintained, such as using institution-approved secure Zoom
accounts that are password-protected and accessible by study
team members only.

Results

This project received funding from the Geriatric Education and
Research Institute under the COVID-19 grant. At the time of
writing, no participants have been formally recruited, but
clinicians have been contacted and invited to take part in the
study. Literature review is ongoing for researchers to stay
updated on the state of the field in telemedicine research. Given
that this study is qualitative and exploratory, it would be
precipitous to anticipate our findings in detail. However, we
expect a diversity of opinions both within and between the
patient, physician, organizational implementer/leaders, and
policymaker groups. The patient and physician groups are likely
to show a range of opinions that spans from enthusiasm to
reluctance, although the specific reasons for these will need to
be elucidated. Organizational implementers/leaders are likely
to discuss operational and logistical demands, and their impact
on the operation of the whole organization, while we expect
policymakers to help us frame the views within a larger
overarching context. It is precisely this detail and the divergence
in opinions among different stakeholders that will enable us to
grasp what challenges lie ahead for the eventual successful
implementation and large-scale adoption of video consultation
as part of routine care for older adults with multimorbidity.
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Discussion

This qualitative study is intended to understand how video
consultation can benefit both older adults with multimorbidity
and family physicians in Singapore. This is the first study
looking into using video consultation in public primary health
care in the country.

The most recent NHS England long-term plan mandates the
availability of video consultations in the next 5 years [28].
Comparing video consultations to telephone consultations, it
has been shown to have a better rapport to facilitate
understanding through nonverbal communication [28]. Video
consultations have been found to support patients with chronic
conditions and prevent unnecessary admissions to long-term
institutional care [29]. In Canada, they have made possible an
interprofessional model of practice involving hospital specialists,
a social worker, a pharmacist, a home care community
coordinator, and other allied health professionals who allow
older patients with complex multimorbidity to be managed
within the community [30]. Jiwa et al [31] reported that
Australian general practitioners who were favorably inclined
toward video consultations were more likely to work in larger
practices and be more established professionally. Approximately
one-third of them were positive about video consultations,
one-third were ambivalent, and one-third were against them.

The COVID-19 crisis has led to the introduction of video
consultations in Singapore’s public primary health care setting.
If found to be appropriate for future use, this study will offer

practical guidance on maximizing the adoption of this
consultation model for desired clinical outcomes and user
acceptance.

Before scaling and spreading video consultations in primary
care, all stakeholders should be involved in further studies,
which will look at proof of concept for clinical outcomes, patient
suitability, safety, and minimization of technical issues by
referencing qualitative findings from this study; and proof of
value for the cost-effectiveness of the model of care. Finally,
for the implementation and scaling phases of video
consultations, clinical process re-engineering is likely to be
necessary to create the clinical, quality educational, business,
logistic, and organizational systems necessary to support
implementation of video consultations on an enterprise scale.

As mentioned above, the digital divide is a reality in Singapore
despite its affluence and high levels of general literacy and
technological literacy. Subsequent phases looking into full-scale
implementation will certainly need to examine the practicability
and desirability of making video consultations available to all
sociodemographic sectors, providing extra IT support, taking
into account a lower level of technological access and literacy
among the elderly in economically less-advantaged areas. This
future phase will need to examine the specific role video
consultations can play in future health care models, whether in
supplementing routine consultations or enabling doctors to
connect with patients with mobility issues, for example. The
present study thus represents only an initial step toward a much
larger initiative involving the role of video consultations within
the health care system in primary care.
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Abstract

Background: One of the greatest challenges of modern health systems is the choice and use of resources needed to diagnose
and treat patients. Medical practice variation (MPV) is a broad term which entails the differences between health care providers
inclusive of both the overuse and underuse. In this paper, we describe a 3-phase research protocol examining MPV in primary
care.

Objective: We aim to identify the potential targets for behavioral modification interventions to reduce the variation in practice
patterns and thus improve health care, decrease costs, and prevent disparities in care.

Methods: The first phase will delineate the variation in primary care practice over a wide range of services and long follow-up
period (2003-2017), the second will examine the 3 determinants of variation (ie, patient, physician, and clinic characteristics),
and attempt to derive the unexplained variance. In the third phase, we will assess a novel component that might contribute to the
previously unexplained variance - the physicians’ personal behavioral characteristics (such as risk aversion, fear of malpractice,
stress from uncertainty, empathy, and burnout).

Results: This work was supported by the research grant from Israel National Institute for Health Policy Research (Grant No.
2014/134). Soroka University Medical Center Institutional Ethics Committee has approved the updated version of the study
protocol (SOR-14-0063) in February 2019. All relevant data for phases 1 and 2, including patient, physician, and clinic, were
collected from the Clalit Health Services data set in 2019 and are currently being analyzed. The evaluation of the individual
physician characteristics (eg, risk aversion) by the face-to-face questionnaires was started on 2018 and remains in progress. We
intend to publish the results during 2020-2021.

Conclusions: Based on the results of our study, we aim to propose a list of potential targets for focused behavioral intervention.
Identifying new targets for such an intervention can potentially lead to a decrease in the unwarranted variation in the medical
practice. We suggest that such an intervention will result in optimization of the health system, improvement of health outcomes,
reduction of disparities in care and savings in cost.
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Introduction

Background
Health care spending worldwide continues to increase and now
accounts for approximately 17% of the gross domestic product
in the United States, 9.8% in the Organisation for Economic
Co-operation and Development (OECD) countries, and 7.5%
in Israel [1]. Most experts consider the level of health care
spending in the United States unsustainable [2]. Health
economists identify unnecessary diagnostic and screening tests
as a primary driver of this spending [2-5]. Moreover, many
studies have shown that overuse neither benefits health care nor
health outcomes [6-9] and may have adverse effects [10],
leading to more unnecessary tests and treatment [11]. Major
attempts to prevent the overuse of health services (HSs) include
the British Medical Journal series Too Much Medicine [12],
established in 2002, and Choosing Wisely campaigns [13],
established in 2012. Increasing interest in this area is also

reflected by the growing number of books, literature, and articles
in the mainstream media [14].

Medical Practice Variation
In this study we chose to investigate medical practice variation
(MPV), coined by the Dartmouth research group [15,16]. While
MPV is based on a relative comparison between providers
(Figure 1), overuse and underuse definitions call for a
comparison between the individual provider practice and
standard of care (absolute comparison) based on a “gold
standard” or guideline recommendations [16,17]. Both overuse
and underuse (eg, patients not receiving optimal care and
resources used inefficiently) have negative consequences [14]
and can contribute to MPV [15]. MPV is associated with poorer
health outcomes, increased costs, disparities in care, and burden
on medical systems [14,17-21]. Adopting the policy aimed to
reduce variation is a central theme of quality management that
has begun with industrial production and was recently adopted
in medicine practice [19,22,23].

Figure 1. Two types of variation.

Not all MPV has pernicious effects. One should distinguish
between unwarranted and warranted MPV. Warranted MPV
reflects patient-centered care as it takes into account patient
differences such as clinical or patient-preference differences
[20,24]. Unwarranted MPV is caused by many factors such as
variable access to resources or differing physician opinions and
preferences [15,16]. In our study, we try to focus on factors
contributing to the unwarranted MPV.

MPV Determinants
MPV causes can be divided into 3 main domains: patient
characteristics, health care system characteristics, and physician
characteristics [25,26]. Existing research suggests that variation
is mainly attributable to patient characteristics, rather than to
physician, or clinic [27-31]. Patient-related factors frequently

studied in primary care [32] included age [33,34], type and
severity of illness [33-35], socioeconomic status [36-39],
ethnicity/race [40-42], and expectations of treatment effect
[34,35,43,44]. Clinic factors included size [38,39,45,46],
workload [46-48], funding method [49], services availability
[35,50,51], services cost [52,53], and rural/urban location
[15,34,54-56].

Factors related to the primary care physicians can be divided
into demographic/professional and psychological characteristics.
Demographic/professional characteristics include age, gender
[33,42,46,47,57,58], specialty [38,58], area of expertise
[36,47,57,59], and years of practice [33,46,58,60,61]. The
psychological characteristics are discussed further on in the
manuscript.
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Unexplained Variance
It appears that the major part of the variation is unexplained
[31,62,63], that is, there are more influential factors that were
not adequately estimated and researched so far [64], such as
system-level and physician-level psychological characteristics.
Assessing the extent of the variance that can be explained by
the physicians’psychological characteristics is essential because
it will allow us to develop behavior modification tools that might
help in reducing MPV [25]. Targeted interventions that address
these variables might successfully optimize test ordering. The
physician psychological characteristics include personality [65],
attitudes [66], or behavior [67].

There is no generally agreed upon definition of personality, yet
it is defined as person’s stable feelings, thoughts, and behavioral
patterns [68]. The Big Five dimensions of personality are
openness, conscientiousness, extraversion, agreeableness, and
neuroticism [69]. Attitude refers to one’s opinions, beliefs, and
feelings about aspects of his/her work environment. Two job
attitudes have the greatest potential to influence how people
behave at work: job satisfaction (feelings people have toward
their job) and organizational commitment (the emotional
attachment people have toward the company they work for)
[68].

Compared with personality and attitudes, behavior is less
abstract and more measurable, objective, and quantified and
also it encompasses the other variables as it is a derivative of
them [67,70]. Therefore we chose to focus on the physicians’
behavior characteristics. Four types of behaviors have been
extensively studied in the organizational behavior literature:
job performance, organizational citizenship behaviors,
absenteeism, and turnover [68]. Our research, which studies the
referral rates of the physicians, is related to the job performance
behavior. Job performance refers to the success that one
accomplishes in the tasks listed in his/her job description.
Factors related to a physician’s job performance and medical
decision making are the way s/he is treated at work, cognitive
shortcuts (heuristics), the level of stress experienced at work,
work attitudes to risks, and emotion [68,70].

Personal Behavioral Characteristics
Personal behavioral characteristics studied to date with respect
to unwarranted variation included risk attitudes [58,71-74],
adherence to treatment guidelines [50,75-78], empathy [79],
and fear of malpractice [80]. We believe that the comprehensive
approach where we will investigate the effect of risk aversion,
stress due to uncertainty, fear of malpractice, empathy, and
burnout will bring a higher level of inference as each can be
reliably measured and may uniquely and independently account
for significant MPV.

Risk Aversion
Risk aversion is the tendency to minimize risk by choosing
known options with more certain, but less beneficial, expected
outcomes [81]. A risk averse physician, for example, might
refer a patient for tests with an unclear, yet not urgent clinical
presentation, despite the potential increase in cost and
detrimental effect of unnecessary test. MPV studies show that
longer cardiopulmonary resuscitation [74], higher use of

laboratory services [71,72,82,83], more referrals [58,74], and
higher admission rate to an intensive care unit [84] are
associated with higher risk aversion. None to date, however,
have examined the proportion of variance in the decision making
that can be explained by risk aversion level.

We believe that the increased understanding of the mechanisms
of risk-taking and risk-aversion behavior (eg, reward sensitivity,
impulsiveness, and social anxiety) may suggest ways in which
intervention programs can be designed and administered to be
sensitive to individual differences between the physicians [85].

Stress From Uncertainty
Uncertainty is common among physicians who must make
decisions based on incomplete and imperfect data, with
unpredictable patient responses to testing and treatment [86].
Primary care physicians experience more uncertainty than
specialists due to the breadth and complexity of scope, generalist
orientation, focus on continuity, and psychosocial factors [87].
Previous research has shown that physician uncertainty is
associated with MPV [32,87,88], yet again the extent to which
it explains variance in the practice patterns has not been studied.

Fear of Malpractice Claims
Defensive medicine is defined as the ordering of tests,
procedures, and patient visits for the purpose of averting
malpractice [89]. A nationwide study of Israeli physicians
concluded that defensive medicine is prevalent, mostly resulting
in unnecessary tests, referrals to consultants, and hospitalizations
[90]. Primary care physicians have historically experienced low
rates of malpractice claims, attributed to the high regard for
them in their communities, low numbers of invasive procedures,
and mutual trust and communication developing with patients
over time. In the most recent Medscape Malpractice report [91],
primary care was not on the list of the top 10 specialties for
lawsuits. However, recent years have seen an increase in the
incidence of the malpractice claims in primary care [92].
Therefore, estimating the contribution of malpractice to MPV
may be important as it may influence the physicians’ practice
patterns and thus the variation between them.

Burnout
Burnout is increasing among general physicians [93] and
associated with self-reported errors among primary care
physicians and longer consultations [94]. However, it has neither
been associated with overuse nor examined as a determinant of
MPV. We assume that physicians with higher levels of burnout
may have less variation in their HS utilizations and may be
overused. This is because their discretion is consistently
influenced by their mood and lack of motivation than by their
patients’ medical needs.

Empathy
It has been shown that perceptions of patient needs, feelings,
and primary care physicians’ability to recognize emotions affect
how they order tests [95]. For instance, physicians rated higher
for empathy had a greater preference for intubation, ordered
more laboratory tests, and performed cardiopulmonary
resuscitation for longer periods [79]. Yet, it has not been proved
as a determinant of MPV.
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Why Primary Care?
While most MPV research has focused on secondary and tertiary
care in health regions and hospitals [15], this study examines
MPV across primary care physicians. Primary care accounts
for 14% of all health care spending on average across OECD
countries with patient–physician consultations accounting for
the majority (55% in the United States; 90% in the UK) [96].
Determining what accounts for MPV in primary care can help
to develop targeted approaches for preventing unnecessary tests
and treatment, better care coordination, cost containment, and
improved health outcomes.

Israel’s Health System
In 2019, Israel was ranked the 10th healthiest country in the
world by Bloomberg rankings, out of 169 countries [97]. The
National Health Insurance Law of 1995 mandates all citizens
resident in the country to join 1 of the 4 official not-for-profit
health maintenance organizations, which are prohibited by law
from denying any Israeli resident a membership [98]. The study
is placed in the Southern District of Israel, the Negev, and
includes physicians and patients of the Clalit Health Services
health maintenance organizations, the largest health insuring
organization in Israel (4.5 million insurees). Clalit Health
Services is the largest health care provider in the area, covering
approximately 70% of a population of 730,000 residents in the
Negev.

Health Services
In this study we aimed to analyze HSs in the primary care in
situations where the physician has the freedom of action to
decide whether to utilize them [99], that is, clinical scenarios
with discretionary decisions [100]. For instance, referring a
patient with ST-elevation myocardial infarction to the hospital
is not a discretionary decision as the physician’s findings reflect

an undoubtable urgent condition of myocardial infarction which
can be cured in a catheterization room. But ordering a
thyroid-stimulating hormone (TSH) test for a patient with
generalized weakness is discretionary, because weakness is a
nonspecific symptom which can be caused by many factors
such as an infection, anemia, inflammation. For these
discretionary HSs, different choices carry different benefits and
risks and therefore we believe that physicians will differ in the
decisions [101,102], based on their knowledge, experience,
beliefs, and thoughts. We hypothesize that the derivative of
these components, the physician personal behavioral patterns,
can significantly influence the utilization of the services in this
category. Therefore, we identified the 16 most frequently
utilized HSs in primary care that can be discretionary.

• Four imaging tests: bone scans, computed tomography of
the brain and spine, chest x-ray, magnetic resonance
imaging;

• A composite of cardiac tests including Holter
electrocardiography (ECG), echocardiogram, stress test,
and transesophageal echocardiography;

• Six laboratory tests: vitamin B12, vitamin D, TSH,
hemoglobin, carcinoembryonic antigen, prostate-specific
antigen;

• Three specialist consultation visits: rheumatology,
pulmonary, and neurology;

• Two emergency department visits due to chest pain or back
pain.

Objectives and Hypothesis
This paper describes a 3-phase research protocol (Figure 2) of
MPV of primary care physicians across 16 HSs in the largest
health care network in Southern Israel (Clalit Health Services)
between 2003 and 2017.
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Figure 2. Study flowchart - medical practice variation assessment.

The study’s objectives are to (1) describe the variation of HSs
referrals among primary care physicians; (2) derive the
unexplained variance after the adjustment for patient, physician,
and clinic characteristics; (3) assess the extent to which the
personal behavioral characteristics of the primary care
physicians contribute to the explanation of the unexplained
variance; and (4) identify the potential targets for behavioral
modification interventions to reduce the variation in practice
patterns and thus improve health care, decrease costs, and
prevent disparities in care.

We hypothesize that the physicians’ personal behavioral
characteristics such as risk aversion, stress due to uncertainty,
fear of malpractice level of empathy, and burnout are affecting
the decision-making process as demonstrated by the different
levels of their HSs referrals.

Patient and Public Involvement
This research was done without patient involvement. Patients
were not invited to comment on the study design and were not
consulted to develop patient-relevant outcomes or interpret the
results. Patients were not invited to contribute to the writing or
editing of this document for readability or accuracy.

Methods

Study Phases
The first phase will delineate the variation in primary care
practice over a wide range of services and long follow-up period,
the second will examine the 3 determinants of variation (ie,
patient, physician, and clinic characteristics) and attempt to
derive the unexplained variance. In the third phase, we will

assess a novel component that might contribute to the previously
unexplained variance—the physicians’ personal behavioral
characteristics such as risk aversion, fear of malpractice, stress
from uncertainty, empathy, and burnout.

Data Collection
Data will be collected from the computerized medical records
of Clalit Health Services and will include (1) patient data (age,
sex, marital status, residence type [urban, rural, or nomadic],
number of annual visits by community physicians, background
diseases, and socioeconomic status according to address); (2)
primary care physician data (age, sex, years of active practice,
area of expertise, specialty, country of birth, familial status,
ethnicity, country where medical studies were completed, and
number of insured patients in the physician’s unit); (3) clinic
data (number of insured patients per doctor, number of
physicians per 1000 patients, number of annual visits, location
[rural/urban]); (4) HS data (annual referral number per physician
per clinic for bone scan, computed tomography, chest x-ray,
magnetic resonance imaging, Holter ECG, echocardiogram,
stress test, transesophageal echocardiography, vitamin B12 test,
vitamin D test, TSH test, hemoglobin test, carcinoembryonic
antigen test, prostate-specific antigen test; specialist consultation
visits for rheumatology, pulmonary, and neurology; and
emergency department visits due to chest pain and back pain).

The unit of analysis is physician/clinic/year. Each patient is
assigned to 1 primary care physician and thus all data will be
assigned annually to a physician per clinic. The HSs data will
be extracted by numerical ID codes given for each HS.
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Phase 1: Measuring and Describing Variation Among
the Primary Care Across 16 HSs
In this initial phase of the research, we set out to identify MPV
patterns by describing and comparing variation between HSs.
Our first objective is to identify the main component of
variation, that is, which variation is larger, between physicians
or within the physician over time (interphysician vs.
intraphysician variation). Additionally, we sought to identify
which HSs have the highest variation and investigate their
common characteristics.

The interphysician variation is the difference in utilization rates
between physicians for a given HS, and the intraphysician or
within-physician variation is the difference in practice pattern
of an individual physician over the years. The difference
between the 2 is illustrated in Figure 1. Most research to date
examines variation in practice behavior between health care
providers at one point in time, not within-physician variation
over time. By delineating the 2 (between vs within), we can
determine which accounts for a greater proportion of MPV (ie,
relative importance of between- and within-physician variation)
and what factors predict each. This information is germane to
the policy makers, helping them determine where to direct
efforts to reduce MPV. For instance, if within-physician
variation accounts for a significant proportion of MPV, resources
and efforts should be directed at fostering consistent physician
clinical behavior over time. However, if between-physician
variation is greater, efforts should be directed to assist overusing
and underusing physicians to accommodate their utilization
patterns to the appropriate level.

Statistical Analysis: Coefficient of Variation
Operational definitions and methods used to describe variation
are diverse and inconsistent. Different authors have defined
variation as absolute values [103,104]; rates [105,106]; ratios
between tests [107,108] or 90th/10th percentiles [108,109]; and
percentages of the overuse/underuse [96,110] or utilization
[109,111] or inappropriate use [112]. We instead will measure
variation using the coefficient of variation (COV), which is the
ratio of the SD to the mean (SD/mean × 100). It represents the
percent of the dispersion out of the central tendency, where
higher values indicate larger difference between values (ie,
higher variation). The COV is a standardized measurement;
however, determining high variation for low-utilized HSs is
considered overestimation [26], and therefore should be
interpreted with caution.

The numerical levels (threshold) of COVs defining high versus
low utilization differ across fields of science [113,114] and are
not defined in MPV research literature [115]. Because it is a
frequently used measure in the field of health policy research,
there is a need for a consensus as to what represents high or low
variation for each particular service [116].

To compare the utilization levels between physicians in each
HS, we plan to calculate annual utilization rates per 1000
patients: ([utilization levels/total insured patients affiliated to
the physician] × 1000 patients). Further, for each HS we will
calculate between-physician COVs based on the averaged

physicians’ rates and within-physicians’ COVs by the averaged
individual physicians rates over the years of practice.

Correlation Between Variation and Utilization Levels
To identify potential MPV patterns, we will examine correlations
between the averaged between- and within-physician variations
and utilizations at the HSs level. For this analysis, we will use
the Spearman test and chart the HSs’ averaged utilizations and
COVs to enable visual comparisons.

In conclusion for this phase, we intend to describe the MPV
pattern among primary care physicians, identify the source of
a greater variation component (between vs within), and the HSs
with higher variation and higher utilization rates.

Phase 2: Determinants of the Variation
After describing the MPV patterns in primary care, we will then
assess its determinants. The primary objective of the second
phase is to estimate the extent to which each determinant
explains the variation and to deduce the overall unexplained
variance (Figure 2). In this stage we will collect a wide range
of variables related to the domains, calculate the adjusted
variance, and the proportional change in the variance (PCV)
[117].

Statistical Analysis
PCV will be computed to determine the proportion of variance
accounted for by each domain (patient, physician, clinic) across
all HSs, using the following formula: PCV=(Vn1–Vn2)/Vn1.
First, for each HS we will calculate the crude variance (Vn1),
then, we will compute 3 regression models, each including
covariates related to the domain. According to the models’
predicted values, we will calculate the adjusted variance (Vn2),
expecting a decrease from the crude variance. Then, for each
HS we will calculate 3 PCVs, 1 for each domain, assessing the
percent of the variance explained by each domain. The larger
the PCV (ie, the larger the difference between crude and adjusted
variances), the greater the variance explained by that domain.
Consequently, we will determine which domain explains most
of the variance across all HSs, and will be able to estimate the
overall unexplained variance.

Prediction Model
As previously mentioned, we will perform regression model
analysis to derive the adjusted variances for patient, physician,
and clinic characteristics. We will utilize generalized linear
negative binomial mixed models, the annual HSs utilizations
as outcomes (nominator), and the annual insured patients per
physician as the outcome’s offset (denominator), and thus,
defining the rates, the “count” variable of the negative binomial
distribution. Physicians, clinics, and years (to account for secular
and trajectory trends) will be defined as random effect clusters
and patient, physician, and clinic characteristics will be included
as fixed covariates separately. We will use “glmmTMB” R
package (R Foundation for Statistical Computing),
version 1.0.136 and IBM SPSS, version 24 for statistical
analysis.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18673 | p.344https://www.researchprotocols.org/2020/10/e18673
(page number not for citation purposes)

Shashar et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Phase 3: Personal Behavioral Characteristics Affecting
the Variation
In this phase we will visit the clinics and ask the physicians to
fill 5 short, validated research questionnaires measuring risk
aversion, stress from uncertainty, fear from malpractice,
empathy, and burnout [74,118]. We assume that these behavior
characteristics are substantially stable [119,120] as well as the
practice habits [121]. For instance, burnout [122] or stress from
uncertainty is not a temporary emotion, but rather stable, as
both are incurred by the properties of the specialty and the
physician’s capabilities and characteristics which tend to be
fixed [122]. However, to be aligned with the most accurate and
updated behaviors and practice habits, we chose in phase 3 to
include physicians who worked also during 2017 (approximately
180) as we started to interview them in 2018. Furthermore, we
will exclude physicians who worked starting from 2017, as the
within-physician variation cannot be assessed for them. To
increase the response rate, we plan to conduct face-to-face
sessions during which the physicians will be asked to complete
the questionnaires. We expect to achieve a response rate of more
than 75%.

Questionnaires Scales
The risk-taking scale is a validated subset of the Jackson
Personality Index that measures general risk-taking behavior
in emergency physicians [89,123,124] and has 6 items, each
rated on a 6-point Likert scale. Possible scores range from 6 to
36, and higher scores correspond to increased risk-taking
[125,126]. The stress due to uncertainty is a validated
psychometric tool, with a Cronbach alpha of .90 [127], that
measures physician’s stress due to uncertainty in patient care.
It has 13 items, each rated on a 6-point Likert scale. Possible
scores range from 13 to 78, with higher scores corresponding
to higher stress due to uncertainty. The Malpractice Fear Scale
is a validated scale, with a Cronbach alpha of .88 [93] that
measures fear of malpractice in primary care and emergency
physicians [58,123,128,129]. It has 6 items, each rated on a
5-point Likert scale, while possible scores range from 5 to 30,
with higher scores corresponding to increased fear of
malpractice. Empathy will be assessed by the Jefferson Scale
of Physician Empathy, which consists of 20 items, with each
rated on a 7-point Likert scale. Higher sum-scores indicate
higher levels of empathy. The scale has been validated by
explorative factor analysis and test–retest reliability [130].
Burnout will be assessed by the Maslach Burnout Inventory
Human-Services-Survey [131], which has been used in more
than 90% of empirical studies on burnout globally [132]. The
Maslach Burnout Inventory – Human Services Survey consists
of 22 items scored on a 7-point Likert scale constituting 3
subscales: (1) emotional exhaustion (9 items); (2)
depersonalization (5 items); and (3) personal accomplishment
(8 items). Burnout is defined as either a high score on the
emotional exhaustion subscale or a high score on the
depersonalization subscale or a low score on the personal
accomplishment scale [131].

Statistical Analysis
During the analytic phase we will first compare the patient case
mix and clinic and demographic characteristics between

respondents and nonrespondents. This will allow us to estimate
the degree of the potential bias in the analysis of the practice
patterns. Then, we will assess the extent to which personal
behavioral characteristics (ie, risk aversion, stress due to
uncertainty, fear of malpractice, empathy, and burnout)
contribute to the explanation of the unexplained variance defined
in the previous phase, using the PCV approach. We hypothesize
that high rates of HSs referrals will be associated with high
levels of risk aversion, stress due to uncertainty, fear of
malpractice, empathy, and burnout.

Ethics Approval and Consent to Participate
The study was approved by the Soroka University Medical
Center Institutional Ethics Committee (0063-14-SOR). The
consent to participate was written as part of the questionnaires.

Availability of Data and Material
The data sets that will be used or analyzed during this study
will be available following local Ethics Committee approval.

Results

This work is supported by the research grant from Israel
National Institute for Health Policy Research (2014/134). The
funding agency has no input on the study design or execution.
Our study protocol has undergone peer review by the funding
body.

Soroka University Medical Center Institutional Ethics
Committee has approved the updated version of the study
protocol (SOR-14-0063) named “Determinants of Medical
Practice Variation among Primary Care Physicians,” in February
2019. The approval is valid until March 2021 and can be
extended by request.

All the data for phase 1 (assessment of the cured variation) and
phase 2 (derivation of the adjusted variation) including patient,
physician, and clinic data were collected from the Clalit Health
Services data set in 2019 and are currently being analyzed. The
evaluation of the physicians’personal behavioral characteristics
by the face-to-face questionnaires (phase 3) was started in 2018
and remains in progress. We intend to publish the results during
2020-2021.

Discussion

Overview
This study will allow us to approach the challenge of the targeted
MPV reduction policies by answering a number of questions:
What is the degree of the variation and what services have higher
variation rates? Which variation is larger: between the
physicians or within the physicians over time? What part of the
variation cannot be explained by the patient case mix, clinic
characteristics, or professional characteristics of the physician?
Can physician personal behavioral characteristics explain part
of the variation?

Risks and Limitations
Our current study focuses on the variation in the practice
patterns, yet we cannot infer the clinical appropriateness of the
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HSs used. In more general terms we will be not able to deduce
what physician is practicing “good” medicine—the one who
sends patients to a lot of tests or the one who sends few. Yet,
because MPVs have been previously shown to be associated
with poorer health outcomes [14,17-19,21], we believe that
focusing on the measurement and dissection of the variation
itself can contribute to the development of the approaches to
reduce the MPV.

Another major limitation of the variation research in medicine
is that acceptable values for variation are not defined. Therefore,
we will be able only to have a relative comparison identifying
factors associated with a higher variation (eg, physician
characteristics, specific services).

Furthermore, in some circumstances the utilization of the HSs
we are assessing can be considered not discretionary; for
example, emergency department visits due to ECG presenting
ST elevations in the primary care clinic, vitamin B12 laboratory
tests for macrocytic anemia, or chest X-rays for chest injuries.
However, the inclusion of these events decreases the variation
and thus results in the bias toward zero (null hypothesis).

Moreover, our study precludes system-level factors such as
resource constraints, process, workflow issues, funding, services
accessibility. This is because we chose to focus on the physician
level, not the system level. Therefore, we are only including
patients and physicians belonging to 1 health care network
(Clalit Health Services), thereby controlling for some of the
system-level variation. However, it is possible that the variation
between health care networks in the public health system in
Israel is limited as the law controls their services’provision and
accessibility, and thus reduces disparities in care. These health
care networks are not-for-profit and are prohibited by law from
denying any Israeli resident a membership. Yet, between regions
in Israel there is a variation in the mentioned factors and
therefore our findings can be generalized onto other regions and
countries only after accounting for the patterns of this region.

At the final stage of our research we aim to identify behavioral
characteristics associated with a higher variation by applying

validated questionnaires. Physicians’ attitudes as assessed by
the abstract questionnaires may not fully represent their action
in real-life clinical practice. Future research should aim at
developing more reliable tools for assessing behavioral
components of physicians practice.

The conventional risk of questionnaire-based research is a low
response rate. To address this concern, we schedule face-to-face
sessions with each one of the physicians enrolled into the study.

Outcomes of the Research Program
We expect to analyze a total of 3 million patient years and 6.5
million test utilizations across 16 diverse HSs, referred by 250
physicians in 170 clinics, over 15 years of practice. The size
and comprehensiveness of the data will provide a good
reassurance for the robustness and generalizability of the
research program.

Focusing on the physician personal behavioral characteristics
as a major contributing factor to the variation is essential,
because it may allow us to identify what are the likely sources
of unwarranted variation that can be redressed. We believe that
most of the variation explained by patient or clinic
characteristics is generally reasonable (eg, greater use by ill and
older patients) [20]. However, variation stemming from the
physician personal behavior characteristics might be
unwarranted and can be reduced without negatively affecting
patient care.

Based on the results of our study, we aim to propose a list of
potential targets for focused behavioral intervention. The
research of behavioral interventions designed for physicians is
limited, and describes only a handful of strategies. The most
common approaches focusing on changing the practice habits
include clinical decision support, shared decision making,
pay-for-performance, and insurer restrictions [133]. We believe
that identifying new targets for such an intervention during the
digital health era can potentially lead to a decrease in the
unwarranted variation in the medical practice and thus to the
improvement of health outcomes, reduction of disparities in
care, and cost savings.
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Abstract

Background: Global trends in cardiovascular disease (CVD) exhibit considerable interregional and interethnic differences,
which in turn affect long-term CVD risk across diverse populations. An in-depth understanding of the interplay between ethnicity,
socioeconomic status, and CVD risk factors and mortality in a contemporaneous population is crucial to informing health policy
and resource allocation aimed at mitigating long-term CVD risk. Generating bespoke large-scale and reliable data with sufficient
numbers of events is expensive and time-consuming but can be circumvented through utilization and linkage of data routinely
collected in electronic health records (EHR).

Objective: We aimed to characterize the burden of CVD risk factors across different ethnicities, age groups, and socioeconomic
groups, and study CVD incidence and mortality by EHR linkage in London.

Methods: The proposed study will initially be a cross-sectional observational study unfolding into prospective CVD ascertainment
through longitudinal follow-up involving linked data. The government-funded National Health System (NHS) Health Check
program provides an opportunity for the systematic collation of CVD risk factors on a large scale. NHS Health Check data on
approximately 200,000 individuals will be extracted from consenting general practices across London that use the Egton Medical
Information Systems (EMIS) EHR software. Data will be analyzed using appropriate statistical techniques to (1) determine the
cross-sectional burden of CVD risk factors and their prospective association with CVD outcomes, (2) validate existing prediction
tools in diverse populations, and (3) develop bespoke risk prediction tools across diverse ethnic groups.
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Results: Enrollment began in January 2019 and is ongoing with initial results to be published mid-2021.

Conclusions: There is an urgent need for more real-life population health studies based on analyses of routine health data
available in EHRs. Findings from our study will help quantify, on a large scale, the contemporaneous burden of CVD risk factors
by geography and ethnicity in a large multiethnic urban population. Such detailed understanding (especially interethnic and
sociodemographic variations) of the burden of CVD risk and its determinants, including heredity, environment, diet, lifestyle,
and socioeconomic factors, in a large population sample, will enable the development of tailored and dynamic (continuously
learning from new data) risk prediction tools for diverse ethnic groups, and thereby enable the personalized provision of prevention
strategies and care. We anticipate that this systematic approach of linking routinely collected data from EHRs to study CVD can
be conducted in other settings as EHRs are being implemented worldwide.

International Registered Report Identifier (IRRID): PRR1-10.2196/17548

(JMIR Res Protoc 2020;9(10):e17548)   doi:10.2196/17548
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Introduction

Background
Globally, cardiovascular disease (CVD) is a leading cause of
disability and premature mortality, with the number of deaths
attributable to CVD rising from 12.3 to 17.3 million between
1990 and 2013 [1]. Furthermore, projections indicate that CVD
will remain the leading cause of mortality worldwide for decades
[2]. Notwithstanding the public health importance of CVD and
its risk factors, the use of proven preventative strategies to
mitigate risk is far from satisfactory due to a multitude of factors
including complex intra- and interregional distribution of the
determinants of CVD [1,3]. For instance, deaths attributable to
different types of CVD vary between China and the United
Kingdom. This variation may, in part, reflect the prevalence of
different underlying risk factors such as hypertension and
diabetes [4]. Thus, with regions around the world undergoing
major epidemiological transitions, a population strategy aimed
at reducing the burden of classical risk factors can have a major
impact on CVD risk reduction [5].

Population Prevention Strategy in England
In England, the National Health Service (NHS) established a
population-based Health Check program in 2009 to provide a
systematic assessment and management of CVD risk for adults.
Individuals aged 40-74 years without pre-existing CVD,
diabetes, or hypertension are invited for a five-yearly check-up
to identify and to receive advice and treatment for their risk of
having a CVD event [6]. Commissioned by local authorities
and delivered primarily through primary care practices,
henceforth referred to as general practices (GP), this program
aims to prevent around 2000 deaths and 9500 nonfatal
myocardial infarctions (MI) and strokes annually [7,8]. As a
free service for all eligible individuals, this program has the
potential to reduce health inequalities associated with CVD
[7,8], assuming equitable uptake and universal coverage.
Available data suggest that between 2011-12, NHS Health
Check coverage in east London was quite high at 73%
(compared to national coverage of 30%). Of those that attended
the screening, over a third belonged to ethnic minority groups
such as south Asians and Black African/Caribbeans [9-13].
While modification of individual risk factors (eg, blood pressure)

has generally been shown to be associated with improved health
outcomes (eg, lower incidence of ischaemic stroke), favorable
changes in risk factor distribution at a societal level have also
contributed to overall improvements in community health [14].
For example, in 1989, in Poland, the increased accessibility and
consumption of fruits and vegetables through the opening of
markets resulted in a reduction in CVD mortality [15]. By
contrast, Japanese migrants, who adopted the diet and lifestyle
of the United States (US) population, relative to those who
retained their original dietary patterns, had a higher prevalence
of CVD [16]. Given the variation in ethnic-specific diet and
lifestyle habits, and given genetic differences across population
groups around the world, there is currently an unmet need to
understand the complex relationship between ethnicity and
factors as diverse as heredity, environment, diet, lifestyle, and
socioeconomic factors (and their mutual interaction) in
determining the burden, distribution, and temporal trends in
both CVD risk factors and clinical CVD outcomes and
cause-specific death.

Dietary exposures determine nutritional status, which may, in
turn, impact CVD outcomes. As nutritional status is a key
intermediary in the development of CVD, health services need
to measure nutritional status as well as associated dietary
exposures in order to guide appropriate preventative measures,
particularly in multiethnic populations in primary care. The
National Diet and Nutrition Survey (NDNS) and components
of the National Survey of Health and Development (NSHD)
have been developed to assess dietary exposure patterns,
nutritional status, and associated social as well as biological
factors within a sample of UK populations [17-19]. However,
to date, no systematic attempts have been made to harness these
data to boost or complement information gleaned from
population-based studies investigating ethnic-specific CVD risk
factor burden or risk [20].

Calculation of CVD Risk
The risk of CVD in an asymptomatic individual is based on risk
factor data collected by their primary care physician to produce
a numerical estimate. Traditional risk scores, such as those
derived from the Framingham risk equation, have potential
limitations, primarily because they were derived from a cohort
of predominantly White individuals in the United States [21,22].
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Moreover, they do not make allowances for factors such as
socioeconomic status, resulting in systematic over- or
underestimation of CVD risk based on the population studied
[21,22]. With the emergence of obesity and diabetes as key
global cardiovascular risk factors [22], the QRISK2 CVD risk
calculator was developed and calibrated, enabling adjustments
for more contemporary risk factors in the United Kingdom
[22,23]. Despite these considerations, the representation of
ethnic minorities in the cohort used to derive QRISK2 was
approximately 1% for South Asians and 0.5% for
Afro-Caribbean individuals, with the likelihood of
underestimation of 10-year CVD event risk in these population
groups [21].

Furthermore, QRISK prediction models contain imputations
due to missing data. While established statistical methods are
often used, considerations such as imputing cholesterol values
to individuals without vascular disease could lead to weakened
associations between cholesterol and CVD [24], as was observed
in the first iteration of QRISK where about 80% of cholesterol
measures were imputed. Hence, additional validation of QRISK2
in a contemporaneous multiethnic population with more
systematic approaches to the collation of exposures than
previously possible would be beneficial [21].

These systems need to be interoperable to enable a systematic
analysis of routine healthcare data collected in electronic health
records (EHRs). However, over 100 commercial EHR vendors
are operating within the NHS across primary, secondary, and
tertiary sectors [25]. While organizations are beginning to link
data from different EHR systems, there is still fragmentation
and absence of vital data as, for example, GPs serving
multiethnic populations are not providing their data. Moreover,
given that establishing bespoke prospective studies on CVD
prevention can be prohibitively expensive, using real-life
routinely collected data from EHRs and subsequent linkage of

these datasets across different sectors can provide invaluable
systematic approaches to conducting research.

We developed the following study specific objectives:

1. To robustly quantify and characterize, across diverse ethnic
groups and sociodemographic groups, the burden of CVD
risk factors among NHS Health Check attendees in a diverse
population in London.

2. To prospectively study the incidence of CVD within this
population by EHR linkage.

3. To validate existing CVD risk prediction algorithms and
to develop novel, bespoke algorithms for CVD risk
prediction among diverse multiethnic population groups.

4. To characterize dietary exposures and nutritional status as
well as their associations with CVD outcomes, using data
from index assessment methods that mirror or correlate
well with those used in national surveillance.

Methods

Study Design and Setting
We propose to conduct a large-scale, cross-sectional
observational study of NHS Health Check attendees in London
with additional virtual longitudinal follow-up established via
electronic health record linkage of their primary (NHS Health
Check) and secondary care (hospital) data over 10 years starting
in 2009. One of the major providers of EHR software to GP
practices is Egton Medical Information Systems (EMIS). GPs
utilizing this EHR will be eligible to participate. Figure 1
illustrates the number of individuals belonging to ethnic minority
groups within London. Such a high prevalence of diverse ethnic
groups in London, relative to other areas in England, coupled
with high utilization of the EMIS system (Figure 2), lends itself
naturally to London as the ideal backdrop for our proposed
investigation.

Figure 1. Data from 2011, showing ethnic minority populations across the regions of England [26].
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Figure 2. Map of London showing the number of GP practices utilizing the EMIS system (red), boroughs utilizing EMIS (asterisk), and proportion of
Black and Minority Ethnic (BME) by region [26-36].

Recruitment
GP practices using EMIS Web clinical systems across London
will be invited to provide practice-wide consent to participating
in the study by way of sharing pseudonymized data on
individuals undergoing NHS Health Checks within their
practices between 2009 and 2018. GP practices across London
are being informed of the study and recruited through liaising
with clinical research networks through information letters and
Clinical Commissioning Group meetings. Data will be remotely
extracted centrally by EMIS using Read codes.

Data Collection and Linkage
Our study, designed as a population-based registry at the outset,
will collect, alongside NHS Health Check data, additional
demographic variables and prescription information to help
build a large and robust repository of primary care data on
residents of London undergoing NHS Health Check from 2009
onwards in GP practices.

All individuals seeking healthcare in the United Kingdom are
assigned a unique identifier (ie, their NHS number). This number
allows the allocation of any subsequent data collected to the
individual’s record and enables linkage with diverse data
sources. For instance, the Office for National Statistics and
Hospital Episode Statistics databases maintain records on
mortality and clinical outcomes of individuals utilizing
secondary healthcare services, respectively. Data from these
sources can be linked through NHS numbers to the NHS Health
Check data to provide a comprehensive and contemporary
database on CVD risk factors (predictor variables) and outcomes
across different ethnic groups. Other data sources recording
clinical CVD outcomes such as the Myocardial Infarction
National Audit Project and the National Institute of
Cardiovascular Outcomes Research will also be harnessed to
provide additional details relevant to this study.

This process of data sharing and linking, while protecting an
individual’s confidentiality, is possible due to pseudonymization
and will be conducted by EMIS and a third party organization

familiar with bespoke linkage. Using Open Pseudonymiser
Software, EMIS will create a pseudonymized version of NHS
numbers for individuals who meet the inclusion criteria. The
data will be encrypted with a project-specific key. By using this
encrypted key, an external organization will be able to link the
NHS Health Check data with outcomes data through a similar
pseudonymization process and a Global Unique Identifier
(GUID). The research team will only have access to completely
linked anonymized data as the linkage of NHS Health Check
data with outcomes data will not contain the GUID.

Sample Size
Although data are not available for 2009-2011, of the invited
population for NHS Health Check in 2016-17, 51.6% and 49.9%
were residing in London and the rest of England, respectively
[27]. In 2015, EMIS utilization in GP clinics was approximately
55%. Therefore, if 50% of all NHS Health Check attendees visit
GP clinics utilizing the EMIS system, then it can be assumed
that 587,273 individuals in London are eligible for consideration
in this study between 2011 and 2017 [28,29]. Due to a lack of
visibility of the true number of GP practices using a particular
system, Figure 2 highlights that the majority of the areas in
London do utilize the EMIS system, and, therefore, we anticipate
that the intended sample size will be met.

To develop novel risk prediction tools for population groups,
we anticipate that data will be available on approximately
200,000 individuals across London between 2011 and 2017.
During 2009-13, of those with a recorded ethnic group, uptake
of the NHS Health Check across England was greatest amongst
South Asians (19.2%), Black Caribbeans (19.6%), Black
Africans (15.7%), and Chinese (15.3%). Attendance was 16.9%
in all other recorded ethnic groups and 17.4% in white
Caucasians. Extrapolating the current rate of CVD incidence
(2.4%) for people aged below 79 years in England on our
estimated study sample of 200,000, we expect to encounter
15,000 CVD events giving 100% power to observe relative risks
as modest as 1.2-1.5 [23]. Within population subgroups, the
power to detect overall association is expected to range from
49% to 100% [38,39]. Given the large Black and minority ethnic
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(BME) population in London and considering the above
numbers, we estimate that our study sample will be highly
representative of a diverse cohort [38,39].

Predictor and Outcome Variables
Cardiovascular risk factors (predictor variables) used to calculate
QRISK2 include age, sex, ethnicity, index of multiple
deprivations, smoking status, diabetes status, family history of
CVD, chronic kidney disease (stage 4 or 5), atrial fibrillation,
hypertension treatment, rheumatoid arthritis, lipids, blood
pressure, and BMI. EMIS will also extract prescription data.
CVD outcomes will include fatal and nonfatal coronary heart
disease, fatal and nonfatal stroke, heart failure, all CVD-related
hospitalizations (including those for revascularization), and
all-cause mortality.

Harmonization and Cleaning of Data
Since the data for our study will be extracted at a single source
(EMIS), this is likely to obviate the need for harmonizing,
although we will undertake detailed quality checks (both at
baseline and on follow-up) and undertake data cleaning, where
necessary.

Statistical Analyses
By using appropriate statistical tests to perform univariate
comparisons, the collected data will be initially analyzed to
explore the cross-sectional characteristics of this population.
Skewed data will be transformed to an approximately normal
distribution, with the calculation of Pearson correlation
coefficients and partial correlation coefficients for relevant
factors of interest.

Cross-sectional associations of baseline risk factors will be
studied with adjustments for appropriate confounders using
logistic regression analyses. Prospective associations between
individual risk factors and CVD outcomes will be evaluated
using Kaplan-Meier survival curves and further quantified by
fitting Cox proportional hazards regression models with
multivariable adjustments. Where possible, associations will
be studied after making allowances for the time-varying effects
of both exposures and potential confounders. Detailed analyses
of the associations will be conducted in prespecified subgroups
of participants (including, but not restricted to, age, sex,
conventional risk factors, and ethnicity). Established methods
of calibration (Hosmer-Lemeshow), discrimination (C or D
statistic), and reclassification (net reclassification index,
integrated discrimination improvement) will be used to study
the predictive ability of individual risk factors on CVD
outcomes, with prespecified analyses involving multiple ethnic
groups to enable direct, head-to-head comparisons of any
differences.

Additional analyses will be conducted to quantify the impact
of factors such as access to healthcare and utilization rates (of
NHS Health Checks), prescription rates and medication
compliance, and patterns of healthy behavior on CVD risk (both
overall and, where possible, within subgroups). Standardized
rates of prescription drug use will be calculated to investigate
the extent of correlation between the present use of
cardiovascular medication and cardiovascular risk. Variations

in prescription patterns of CVD prevention and risk factor
control, discontinuation of prescribed medication(s), and adverse
effects to prescription medications from various therapeutic
categories such as anti-hypertensive agents, lipid-lowering drugs
(statins), and antidiabetic medication will be further assessed
for their impact on CVD as time-dependent covariates in Cox
regression models. Physical measurements within the NHS
Health Check program will be obtained by the GP practices
according to standard operating procedures, anticipating
minimum inter-observer variability. Analyses to explore
potential sources of heterogeneity concerning physical
measurements (besides other characteristics) will also be
conducted.

New and existing risk prediction models will be compared in
terms of their ability to predict the onset of CVD across diverse
population groups to develop improved risk prediction tools for
primary prevention of CVD using outcomes data up to 2020.
The resulting CVD risk algorithm will be calibrated by further
analyses of CVD outcomes data of these patients through to
2027.

Results

The study is ongoing with enrollment underway since January
2019. Recruitment ended in January 2020, with extraction and
linkage completed by March 2020. We expect the initial results
for NHS Checks conducted between 2009 and 2018 and linked
to Hospital Episode Statistics and Office for National Statistics
to be published in mid-2021. This research has been supported
by an unrestricted investigator-initiated research grant from
Regeneron Pharmaceuticals to Imperial College London in
2015.

Ethical Considerations
The study protocol underwent an external peer review before
the ethics submission. This study has received a favorable ethics
opinion by the East Scotland Research Ethics Committee (Ref:
17-ES-0104), Health Research Authority, and adopted by the
clinical research network portfolio in November 2018.

Discussion

Nationally delivered, the NHS Health Check program has the
potential for universal outreach in the United Kingdom.
However, differences in uptake of this program may lead to
inadvertent and undesirable health inequalities (for instance,
those already more likely to engage with the health care
benefiting from increased contact while many who are less
likely to engage with healthcare not availing themselves of this
opportunity). However, it is unclear whether (and to what extent)
ethnic differences at a population level drive such disparities,
and whether targeting specific sociodemographic subgroups
within the population might help mitigate CVD risk.

The complex interplay and variations of individual risk factors
with wider determinants between and within regions and
population groups reinforce the need for a detailed
understanding of different cultural, socioeconomic, and
epidemiological contexts for developing tailored population
strategies.
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Given its ethnic diversity (and a population of 8 million
representing around 270 nationalities), London provides the
ideal backdrop for studying CVD risk factor burden in all the
permutations mentioned above. It has been estimated that the
proportion of BME groups in London is 41% (10% in the rest
of England). Moreover, a report commissioned by the King’s
Fund found greater health inequalities in London than in the
rest of England [13]. For instance, although CVD death rates
are reported to be higher in the North than in the South of
England, 10 of the 33 London boroughs are currently
experiencing above-national-average mortality [26-28,30-37].
These factors highlight the need for a more in-depth
understanding of the determinants of CVD risk based on
ethnicity and other key demographic variables, which could
then pave the way for more effective societal interventions.

Thus, the aim of our study, using NHS Health Check data in
London, is to understand the burden of CVD risk factors and
to eventually validate/develop ethnic-specific CVD risk
prediction tools to inform public health policy and guidelines
which could lead to improvements in overall health outcomes
and reduction in healthcare costs.

Ethnic diversity in England in general, and London in particular,
has hitherto not been systematically captured in large-scale
studies creating uncertainty in the existing guidelines on CVD
risk prevention. QRISK2 score has been shown to underpredict
CVD risk in population groups such as South Asians, in part
reflecting low representation of the ethnic groups in the cohorts
to derive sufficient information to inform risk prediction tools
adequately [40,41]. This disparity may be attributed to the low
participation of GP practices in London who, based on the
location of these populations, are likely to treat the greatest
number of BME groups relative to the rest of England. Thus,
in certain ethnic groups, there may be a missed opportunity to
mitigate CVD risk as they are at greater risk of CVD but have
a systematic under-estimation/-representation of risk. Given
that EHR data in many GP practices within London have not
been utilized for investigating CVD across the multiethnic
population they serve, there is a unique opportunity to recruit
these practices to share their EHR data and link with other EHR
sources to create a registry of varied population groups.

Moreover, the data from this study could help develop bespoke
risk prediction models across diverse ethnic groups that can be
embedded into the existing GP EHR systems. Following the
development of such models, individuals of diverse ethnicities
could potentially be reclassified into higher- or
lower-than-predicted CVD risk categories, thereby enabling
more tailored approaches to prevention or intervention. By
contrast, if conventional risk factors were found not to be
associated with discernible differences in CVD risk across
various ethnic groups, then our findings will have the potential
to influence future research aimed at addressing alternative (and
hitherto unexplored) risk factors (such as genetic variation or
dietary factors) contributing to excess CVD risk in ethnic
minorities. Further offshoots from the TOGETHER research
program will not only be able to address some of the novel
hypotheses regarding ethnic variation in CVD risk but also serve
as a platform for pragmatic randomized controlled trials to
explore, for example, various emerging health technologies.

One such approach could be leveraging the use of mobile
phones/smartphones and applications (apps) to modify risk
factors [41] and then identify the key elements to effective and
sustainable approaches for reducing the risk of CVD [42].
Furthermore, there could be an opportunity to leverage the
derived dataset to perform machine learning techniques, which
could be potentially incorporated into creating digital health
interventions [43].

As CVD burden varies between population groups and by
regions, our study has the potential to investigate the expression
of this disease and the contemporary risk factors in a large
multiethnic cohort. Thus, our research can be considered a
contemporary Framingham study on a large scale. Combining
a real-life observational approach with the potential for yearly
updates from the EHRs will offer new insights and
understanding of the burden of risk factors for re-calibration of
the variables used to derive risk prediction tools and dynamic
improvement of risk prediction algorithms. Longitudinal
follow-up will help quantify the incidence of CVD and,
therefore, the derivation of population attributable risk (PAR)
[44]. The ability to predict the impact of removing a particular
risk factor in specific population groups and the risk of
developing subsequent CVD is imperative for service provision
and evaluating current public health strategies for CVD risk
reduction. Thus, given its sample size, our study will have
sufficient power to investigate CVD risk factor burden across
diverse ethnicities among NHS Health Check attendees enabling
further refinement of guidelines and will therefore have the
potential to improve the overall public health of England in the
foreseeable future.

The proposed analyses are in keeping with statistical analyses
conducted in other similar large-scale population-based studies
[45-47]. As the NHS Health Check program collects simple
lifestyle-related data, a proportion of the population from this
study will be investigated using the NDNS database to derive
a more detailed understanding of the impact of nutritional
determinants on CVD [48-50]. As this study aims to provide
current estimates of CVD risk factor burden in a very large
sample of ethnically diverse individuals in London (and
following successful linkage with outcomes databases, estimates
of association), we believe that this project surpasses every other
contemporary study in terms of both its scale as well as
representativeness (from an ethnic perspective). While our
estimates of association and risk prediction derived from this
cohort of CVD-free individuals (at baseline) may be similar to
those already obtained from studies conducted in predominantly
Western populations, these estimates will nevertheless be
significantly refined across diverse ethnicities given the power
and precision afforded by the study.

Despite the development of evidence-based guidelines and tools
by the NHS, opportunities to reduce CVD mortality and
morbidity are still being missed. Premature mortality and high
healthcare costs associated with CVD underscore the need for
a more detailed investigation into CVD risk across multiple
ethnic groups since residual CVD risk remains a major challenge
for health systems around the world. With the identification of
more than 200 risk factors [51], determining the specific risk
factors in population groups is imperative. Therefore, with this
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study examining an ethnically diverse and contemporary
population in London, the findings will have the potential to be
applied to other (hitherto under-investigated) ethnicities, and
towns and cities around the world that have considerable

population diversity. Finally, the systematic approach of linking
data from different sources can be utilized by other health
systems that have implemented EHRs.
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Abstract

Background: Mammography is the standard examination for breast cancer screening; however, it is associated with pain and
exposure to ionizing radiation. Microwave breast imaging is a less invasive method for breast cancer surveillance. A bistatic
impulse radar–based breast cancer detector has recently been developed.

Objective: This study aims to present a protocol for evaluating the diagnostic accuracy of the novel microwave breast imaging
device.

Methods: This is a prospective diagnostic study. A total of 120 participants were recruited before treatment administration and
divided into 2 cohorts: 100 patients diagnosed with breast cancer and 20 participants with benign breast tumors. The detector
will be directly placed on each breast, while the participant is in supine position, without a coupling medium. Confocal images
will be created based on the analyzed data, and the presence of breast tumors will be assessed. The primary endpoint will be the
diagnostic accuracy, sensitivity, and specificity of the detector for breast cancer and benign tumors. The secondary endpoint will
be the safety and detectability of each molecular subtype of breast cancer. For an exploratory endpoint, the influence of breast
density and tumor size on tumor detection will be investigated.

Results: Recruitment began in November 2018 and was completed by March 2020. We anticipate the preliminary results to be
available by summer 2021.

Conclusions: This study will provide insights on the diagnostic accuracy of microwave breast imaging using a rotational bistatic
impulse radar. The collected data will improve the diagnostic algorithm of microwave imaging and lead to enhanced device
performance.

Trial Registration: Japan Registry of Clinical Trials jRCTs062180005; https://jrct.niph.go.jp/en-latest-detail/jRCTs062180005

International Registered Report Identifier (IRRID): DERR1-10.2196/17524

(JMIR Res Protoc 2020;9(10):e17524)   doi:10.2196/17524

KEYWORDS

breast cancer; microwave imaging; diagnostic accuracy; screening; ultra-wideband radar

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e17524 | p.364http://www.researchprotocols.org/2020/10/e17524/
(page number not for citation purposes)

Sasada et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:shsasada@hiroshima-u.ac.jp
http://dx.doi.org/10.2196/17524
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

Background
The incidence of breast cancer is increasing, and the breast is
the leading cancer location for women both worldwide and in
Japan [1,2]. Mammography has been demonstrated to be
effective in reducing breast cancer mortality and has become a
standard screening method [3]. However, the screening rate of
breast cancer varies greatly across countries; in Japan, it was
42.3% in 2016, which is lower than that in other developed
countries [4,5]. The reasons for this lower rate of breast cancer
screening could be the experience of pain by compression and
exposure to ionizing radiation in mammography [6,7].
Therefore, painless and radiation exposure–free methodologies
are required for the screening of breast cancer. In addition,
mammography relies on the contrast in the X-ray attenuation
coefficient between a normal mammary gland and malignant
tissue, which can be as small as 1:1.1 [8]. This low contrast
leads to lower sensitivity of mammography screening,
particularly in dense breast tissue [6,7,9,10].

Microwave Breast Imaging
Microwave breast imaging has developed significantly in the
recent years [10,11]. The physical basis for microwave breast
imaging consists of the difference in dielectric properties
between the normal breast and cancerous tissues. The normal
breast primarily consists of adipose tissue (low dielectric
properties) with dispersed distributions of mammary glands
(higher dielectric properties). Cancer tissue has greater dielectric
properties at a frequency of 0.5GHz-50 GHz. A high contrast
between healthy and cancerous tissues has been previously
reported [12-17]. Among microwave breast imaging systems,
the radar-based technology that uses time of flight of the impulse
radio ultra-wideband (IR-UWB) signal is widely applied due
to the simplicity and robustness of calculation [18-23]. This
approach can calculate the amount of scattered electromagnetic
energy at any spatial position to reconstruct an energy map of
the object. The radar-based imaging method was developed in
1998, and it is referred to as confocal microwave imaging
[18,19]. Synthetic focusing was performed under the assumption
that the dielectric constant of breast was homogeneous. The
electromagnetic signals scattered from the target location were
calculated based on the signal path between the transmitter and
receiver antennas and the average propagation speed of
microwave radiation. This method reconstructs an energy map,
which shows the qualitative position of the highest intensity of
the confocal image of the scattered signals. In addition, the
bistatic radar system, which allows different aspects of a target

to be visualized, can deliver more information than the
monostatic systems [24-29].

Some microwave breast imaging systems have already been
evaluated in clinical settings. The largest cohort studies have
been conducted with 86 and 223 patients using the Multistatic
Array Processing for Radiowave Image Acquisition (MARIA)
system [26,30]. Results indicated that the sensitivity of breast
cancer detection was 74%-75%. Studies using other systems
have also been conducted, and the results from 150 females
with abnormal mammograms indicated a mean increase in the
image contrast of 150%-200% between abnormal and normal
breast tissues [31-33]. However, these conventional prototypes
use vector network analyzers, resulting in heavy instrumentation
and high cost. Although some groups have developed compact
microwave imaging systems [27-29,34,35], these systems are
yet to be applied in clinical settings.

Preliminary Work
We developed a prototype handheld bistatic radar–based system
using complementary metal–oxide–semiconductor
(CMOS)-integrated circuits [36-41]. In a clinical pilot study,
this system showed a 100% sensitivity in 5 patients with breast
cancer [42]. Information on specificity and causes of false
positives using this microwave imaging technology has not yet
been clarified. Therefore, we aim to determine the diagnostic
performance of our in-house bistatic radar–based detector with
patients with breast cancer or those with benign breast tumors.

Purpose
This study has 3 major goals. It aims to assess the sensitivity
and specificity of the system in screening for breast cancer,
assess the sensitivity and specificity of the system screening for
benign tumors, and investigate the impact of tumor biology
based on the measured results.

Methods

Study Design
This study is a single-center, single-arm, prospective diagnostic
study on women with breast tumors and will be performed as
a specified clinical trial under the Japanese law on clinical
research (the Clinical Trials Act). Women with breast cancer
or benign breast tumors as diagnosed by conventional
examinations were recruited for this purpose. An examination
using the handheld bistatic radar–based breast imaging system
will be performed before any treatment. The flowchart and time
schedule for this study are shown in Figure 1 and Table 1,
respectively.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e17524 | p.365http://www.researchprotocols.org/2020/10/e17524/
(page number not for citation purposes)

Sasada et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 1. Study flowchart.

Table 1. Time schedule of the study.

Intervention and assessment (week 0 to week 8)Enrollment (week 0)BaselineProcedure

✓Clinical breast imaginga

✓Pathological examination

✓Informed consent

✓Confirmation of eligibility criteria

✓Study examination

✓Safety

aConducted by mammography, breast ultrasonography, contrast-enhanced breast magnetic resonance imaging, or fluorodeoxyglucose positron emission
tomography.

The Certified Review Board of the Hiroshima University
Hospital approved this study (CRB6180006) on October 3, 2018
(version 1). All procedures will be in accordance with the
Japanese law (the Clinical Trials Act), the Declaration of
Helsinki, and comparable ethical standards. This study is
covered by clinical research insurance, and compensation is
provided. Written informed consents will be obtained from all
study participants.

Study Population
Participants were recruited from the Hiroshima University
Hospital and were classified into 2 groups: cohort 1, comprising
100 women with histologically diagnosed breast cancer; and
cohort 2, comprising 20 women with histologically or
radiologically diagnosed benign breast tumors.

The inclusion criteria included (1) female patients older than
20 years; (2) those with histologically confirmed breast cancer
(only for cohort 1); (3) those with confirmed breast tumor by 1
or more arbitrary imaging examinations, such as mammography,
breast ultrasonography, contrast-enhanced breast magnetic

resonance imaging, or fluorodeoxyglucose positron emission
tomography; and (4) those who provide a written informed
consent. The exclusion criteria included (1) history of
chemotherapy or radiotherapy within 6 months prior to
registration; (2) hypersensitivity to the acrylonitrile butadiene
styrene (ABS) plastic resin; (3) presence of a pacemaker; or (4)
a physician’s decision. Participant examination will be
discontinued and their data will be removed in case of
withdrawal of consent, ineligibility, inability to participate in
the study due to disease progression or complications, death,
induction of treatment before the study, or any other exclusion
criterion deemed necessary by the investigators. Benign breast
tumors will be diagnosed by the Breast Imaging Reporting and
Data System (BI-RADS) (ultrasound category 2 or less),
fine-needle aspiration, or core needle biopsy. The radiological
images will be read by 2 experienced radiologists.

Study Examination
Measurements and weight of the handheld detector are 19.1 ×
17.7 × 18.8 cm and 2 kg, respectively. It consists of a handle,
step motor, control module, radio frequency module, and dome
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antenna array. The structure of the detector is depicted in Figure
2A. The system is composed of CMOS-integrated circuits that
enable the generation and transmission of Gaussian monocycle
pulse (GMP) trains and the control of the combination of a 4 ×
4 cross-shaped dome antenna array, using a single-pole 8-throw
switching matrix (SP8T-SW). The dome antenna array consists
of 16 elements, and each antenna element is composed of a
square slot set in a ground plane on 1 side of a Duroid RT 6010
substrate. The center frequency and the bandwidth of the
ultra-wideband antenna are 6 GHz and 6.7 GHz, respectively.
The dome shell is composed of ABS to hold the antennae in
place. The dome antenna will be placed on each breast without

any coupling liquid with the participant in a supine position and
held by hand or supported by a stand to keep the device
stationary. A transmitter antenna array emits GMP signals with
the pulse duration of 160 picoseconds at a repetition frequency
of 100 MHz to illuminate the breast tumor, and a receiver
antenna receives the reflected signal. The antenna array rotates
in 9 steps from 0° to 360° using a step motor. A single inspection
can yield 40 sets of data with 2048 measurement points acquired
within 5 minutes for each breast. The received signals are
converted from analog to digital via a 12-bit analog-to-digital
converter, and a confocal image is constructed (Figure 2B).

Figure 2. Structure of the microwave breast tumor detector. ADC: analog-to-digital converter; CLK: clock; FPGA: field-programmable gate array;
GMP: Gaussian monocycle pulse; LNA: low noise amplifier; PA: power amplifier; Ref. CLK: reference clock; RF: radio frequency; RX: receiver;
SP8T: single-pole 8-throw; SW: switching; TX: transmitter.

Study Endpoints
The primary endpoint is the detection sensitivity and specificity
for breast cancer or benign breast tumors by the screening
system. Contralateral healthy breasts will also be measured in
this study, and the diagnostic accuracy will be calculated on a
per-breast basis. The secondary endpoints are sensitivity for
breast cancer detection according to the different molecular
subtypes, sensitivity for benign breast tumors according to
histology, and feasibility of the examination. The biology of
breast cancer will be pathologically evaluated by surgery or
using collected biopsy specimens. For exploratory purposes,
the influence of tumor size and breast density on the detectability
of breast tumor will also be investigated.

Sample Size Calculation
Sample size calculations were based on the sensitivity of breast
cancer detection and the significance of breast cancer screening.
The expected sensitivity was set at 80% with reference to the
sensitivity of the Japanese mammography screening [43]. The
required sample size was 171 breasts according to a width of

the 95% CI being set to 0.12 at one-sided α=.05. Therefore, a
sample size of 100 women (200 breasts) in cohort 1 was
proposed.

Data Security and Analysis
Data will be entered directly in a database and kept in a secure
network computer in a locked office at the Hiroshima
University. All information will be uniquely anonymized. The
operational process of this study will be subject to annual
monitoring, and no audit is required. The occurrence of serious
adverse events will be reported to the Certified Review Board
of the Hiroshima University Hospital or the Ministry of Health,
Labor and Welfare of Japan. Raw data from measurements will
be analyzed using customized software that was independently
developed to control the operation of the detector. Statistical
analysis will be performed using the R statistical software (R
Foundation for Statistical Computing) environment.
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Results

Recruitment began in November 2018 and was completed by
March 2020. We expect to submit the results for publication by
summer 2021.

Discussion

Overview
Some microwave breast imaging systems have been previously
developed and clinically investigated [11]. Of these, 2 systems
were considered in clinical studies with large cohorts and
suggested their potential utility in the clinical settings [30,32].
These studies focused solely on sensitivity, but the diagnostic
accuracy (including specificity) of these systems has not been
reported. To the best of our knowledge, this study is the first of
its kind that focuses on both sensitivity and specificity of a
microwave breast imaging system on a per-breast basis.

Our imaging system has several advantages in addition to the
general features of microwave imaging. First, it is an
easy-to-operate system, where an operator simply places the
device in close contact with a breast and presses a start switch.
No special training is required for the examinations, and the
system is not affected by differences of technical skills of its
operators. Second, this system places compact integrating
antennae, excitation and acquisition hardware, and signal routing
in a single unit. The high portability will provide a significant

benefit for remote inspection [44]. Additionally, this compact
system can be used repeatedly at low cost and is useful for
monitoring applications. The advantages of this system make
it suitable for breast cancer screening, although concerns
regarding the production of mechanical heat and influence on
pacemakers need to be assessed. In the prestage experiment,
the temperature of the device after 30 minutes of operation was
30 degrees, and thus the burn risk was minimal. In addition,
this study will exclude individuals with a pacemaker. Therefore,
the risk associated with this study is low. Data obtained in this
study will be helpful for future system improvements. This
study will also provide important information on factors that
lead to the false positives in breast lesions and differentiation
between benign and malignant lesions.

Limitations
This study targets breast tumor cases. The diagnostic accuracy
of this screening system cannot be evaluated on a per-person
basis in clinical settings. In addition, the data analysts will be
blind to whether breast tumors are on the left or right because
of the influence of the interpretation of the test data.

Conclusions
We expect that this study will demonstrate the clinically
meaningful diagnostic accuracy of the bistatic IR-UWB
radar–based breast imaging system. We also hope that this study
will propose a novel methodology for breast cancer screening
and contribute to improvements in the current technical
equipment.
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Abstract

Background: The majority of those living with HIV in the United States are men who have sex with men (MSM), and young,
minority MSM account for more new HIV infections than any other group. HIV transmission can be reduced through detection
and early treatment initiation or by starting pre-exposure prophylaxis (PrEP), but rates of testing are lower than recommended
among MSM, and PrEP uptake has been slow. Although promoting HIV testing and PrEP uptake by placing advertisements on
web-based platforms — such as social media websites and dating apps — is a promising approach for promoting HIV testing
and PrEP, the relative effectiveness of HIV prevention advertising on common web-based platforms is underexamined.

Objective: This study aims to evaluate the relative effectiveness of advertisements placed on 3 types of web-based platforms
(social media websites, dating apps, and informational websites) for promoting HIV self-testing and PrEP uptake.

Methods: Advertisements will be placed on social media websites (Facebook, Instagram, and Twitter), dating apps (Grindr,
Jack’d, and Hornet), and informational search websites (Google, Yahoo, and Bing) to recruit approximately 400 young (18-30
years old), minority (Black or Latino) MSM at elevated risk of HIV exposure. Recruitment will occur in 3 waves, with each wave
running advertisements on 1 website from each type of platform. The number of participants per platform is not prespecified,
and recruitment in each wave will occur until approximately 133 HIV self-tests are ordered. Participants will complete a baseline
survey assessing risk behavior, substance use, psychological readiness to test, and attitudes and then receive an electronic code
to order a free home-based HIV self-test kit. Two follow-ups are planned to assess HIV self-test results and PrEP uptake.

Results: Recruitment was completed in July 2020.

Conclusions: Findings may improve our understanding of how the platform users’ receptivity to test for HIV differs across
web-based platforms and thus may assist in facilitating web-based HIV prevention campaigns.

Trial Registration: ClinicalTrials.gov NCT04155502; https://clinicaltrials.gov/ct2/show/NCT04155502

International Registered Report Identifier (IRRID): DERR1-10.2196/20417
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Introduction

Despite accounting for a small fraction of the US population
(6%), men who have sex with men (MSM) account for the
majority (61%) of those infected with human HIV in the United
States and experience the largest burden (69%) of new infections
[1-3]. More than 30% of new infections occur in young (under
35 years of age) MSM who identify as Black or Hispanic/Latino
[3]. Most new HIV infections are the result of male-to-male
sexual contact [2], but other behaviors elevate risk of HIV
transmission. For example, substance use is prevalent among
young MSM [4], and use of substances, particularly alcohol
and amphetamines, is associated with not using a condom, a
key risk factor for transmission of HIV infection [5-7].

Although minority MSM are not more likely to engage in risky
sexual behavior than other MSM [8,9], Black and
Hispanic/Latino MSM are disproportionately affected by societal
factors — such as discrimination, lack of social support, and
financial barriers — that are associated with problematic
substance use and elevated HIV risk behavior [10,11]. Among
minority MSM, experiences of racism are associated with greater
likelihood of stimulant and polydrug use in the past 6 months
[12]. Relative to other MSM, Black MSM have lower levels of
social support that may drive higher rates of substance
dependence and transactional sex [13], which further increase
the risk of HIV transmission. In addition, some young Black
and Latino MSM use social media websites and dating apps to
exchange sex for money or drugs [14]. Cultural variables are
also associated with elevated HIV risk behavior. For example,
among Latino MSM, greater endorsement of cultural beliefs
about gender and sexuality is related to HIV risk behaviors,
such as unprotected anal intercourse [15,16]. Similarly,
perceptions of imbalanced masculinity within partner dyads can
create imbalanced partner dynamics among young Black MSM
that negatively impact condom use [17].

HIV testing and treatment initiation can reduce the transmission
of infection by 95% [18]. Approximately 1.1 million people in
the United States are living with an HIV infection, and 14% (1
in 7) of those people are unaware they are infected [19].
Although the Centers for Disease Control and Prevention (CDC)
recommends HIV testing at least every 6 months for those at
elevated risk of HIV transmission [19], only 85% of
internet-using MSM have been tested for HIV infection, and
only 58% had been tested in the last year [20]. Younger MSM
(<30 years old) are moderately more likely to never have been
tested for HIV [19,20], and common barriers to HIV testing,
such as not having insurance or transportation to a testing place,
are reported more by younger MSM [21,22]. Substance use is
also associated with decreased odds of recent HIV testing and
increased likelihood of unknown HIV infection [23,24],
suggesting an unmet need for HIV testing promotion,
particularly among younger MSM and those who use substances.

HIV transmission rates can also be reduced with pre-exposure
prophylaxis (PrEP). PrEP is the combination of 2 antiviral drugs
in the form of a pill that, when taken, regularly prevents new
infections. Randomized controlled trials in high-risk populations
have shown that infection rates with PrEP use drop dramatically,
to as low as 0% (eg, [25]). PrEP is only available by
prescription, and the CDC recommends prescribing PrEP to all
adults with substantial risk for HIV infection [26]. Nevertheless,
PrEP awareness [27] and, most importantly, uptake have been
slow, especially among young Black and Hispanic/Latino MSM
[28,29]. Among young MSM, concerns about stigma from
medical providers and concerns about paying for PrEP were
significantly associated with reduced likelihood of PrEP use,
even though PrEP assistance programs are available to help
those who do not have health insurance that covers PrEP [30].

Using online approaches to promote HIV testing and PrEP
uptake is a promising avenue for HIV prevention. Nearly 7 of
10 Americans use social media to connect with one another,
engage with news content, share information, and entertain
themselves [31]. Compared to all other age groups, regardless
of sexual preference, those between 18 and 30 years of age
comprise the group that is most likely to be active and engaged
in daily social media use [32]. Among MSM, 97% use social
media [33], and previous studies have used social media
websites (eg, Facebook) for a range of HIV prevention efforts
[34,35]. Young MSM also frequently use dating apps like Grindr
to connect with new sex partners [32]. Researchers have also
used dating apps to promote HIV prevention, such as by
distributing HIV self-testing kits [36]. Social media websites
and dating apps target health promotion advertising based on
user demographics and behavior, while informational search
websites (eg, Google, Bing, and Yahoo) focus on advertising
to users by integrating data from what is privately typed into
search bars. MSM may privately search for HIV
prevention-related materials, even if they do not publicly post
content about personal HIV prevention interests to social media
websites. Trends in search data from informational search
websites predict new diagnoses of sexually transmitted
infections, including HIV, at the community level [37,38].
Although different in nature from social media websites,
informational search websites also represent a highly promising
additional avenue for outreach. Little is known, however, about
the relative effectiveness of different web-based platforms (ie,
social media websites, informational search websites, and dating
apps) in promoting HIV testing and PrEP use. 

In addition, key factors that differentiate or moderate web-based
platform users’ receptivity to HIV testing are less understood.
For example, although substance use is associated with lower
rates of HIV testing among MSM, how substance use impacts
the likelihood of HIV self-testing when MSM are recruited
online is underexamined. This study seeks to address those
questions by evaluating the effectiveness of online campaigns
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promoting HIV self-testing on different types of web-based
platforms: social media websites (Facebook, Instagram, Twitter),
dating apps (Grindr, Jack’d, Hornet), and informational search
websites (Google, Bing, Yahoo). Factors that moderate platform
users’ testing receptivity across web-based platforms will also
be examined.

The primary objective of this study is to compare HIV
self-testing uptake among users of the 3 different types of
web-based platforms. Secondary aims will seek to evaluate
differences in PrEP uptake, as well as the impact of key
moderator variables — problematic substance use and
psychological readiness to test — on HIV testing and PrEP
uptake. Other secondary aims include determining the efficiency
of the different platform types for promoting HIV testing and
PrEP uptake and evaluating the impact of perceptions and
attitudes on HIV testing and PrEP uptake.

Methods

Study Design
This will be a longitudinal cohort study recruiting participants
from 3 types of web-based platforms: social media websites,
dating apps, and informational websites. The study team will
develop a culturally appropriate, community-tested study

advertisement for use on the social media websites and dating
apps and will develop a list of keywords for advertising on
informational search websites. The study advertisement will be
placed on each platform, and similar campaigns will be
employed across all 3 web-based platforms with the same money
budgeted for advertising.

Recruitment will occur in 3 waves. In each wave, the
advertisement will be placed on 1 social media website, 1 dating
app, and 1 informational search website (see Table 1), for a total
of 3 social media websites, dating apps, and informational search
websites. To address the possibility of history effects occurring
across waves, the study team selected a social media website,
a dating app, and an informational search website to include in
each wave. There will not be a prespecified number of
participants recruited per platform/website (social media
websites, informational search websites, or dating apps). Instead,
recruitment in each wave will continue until approximately 133
self-test kits are ordered from across the 3 websites in that wave.
Advertising in each wave will be scheduled to run for 30
calendar days. This duration was selected to optimize the
advertisement placement given the advertising budget for each
website. If at least 133 self-test kits are not ordered by the end
of 30 calendar days, recruitment may be extended across all 3
websites to obtain the 133 self-test kit orders.

Table 1. HIV self-test study recruitment waves and web-based platforms.

Dating appSocial media websiteInformational search websiteRecruitment wave

GrindrFacebookGoogle1

Jack’dInstagramBing2

HornetTwitterYahoo3

Upon clicking the study advertisement, users will land on the
study informational page in Qualtrics 2020 software [39], where
they will receive information about the study and undergo
eligibility screening. An electronic study information sheet
describing study procedures, participant rights, and potential
risks and benefits will be provided to eligible users to review
and download. The consent form will include information on
what information the websites will be able to access and how
the study team will ensure participants’ confidentiality, with
identifiable information stored separately from responses.
Participants will consent to participate by clicking an “Agree”
button and proceed to identity verification. If users are ineligible
or decline to participate in the study, they will be redirected to
a website with information about HIV and sexually transmitted
disease prevention, PrEP, and HIV testing locations.

After consenting, participants will be asked to login to their
Facebook account within Qualtrics via single sign-on (SSO) to
verify their identity and reduce duplicate participation. The
information obtained by the study team from the SSO feature
is described in the consent form, and private data are stored
securely. The SSO requires participants to have a Facebook
account and may prevent or deter some people from participating
[40], but this requirement was deemed to be important for
preventing duplicate participation and test kit orders, given that
the study procedures are entirely remote. After logging into
Facebook, participants will continue in Qualtrics to complete

the baseline assessment. Once the baseline assessment has been
completed, study staff will verify that the Facebook account is
active (ie, has a photo and >10 friends) and that the participation
is not a duplicate (ie, name, contact information, and Facebook
account do not match any enrolled participants). If the
participation is not a duplicate, site staff will email an electronic
code for the participant to order 1 free HIV self-test kit.
Duplicate participations will not receive a self-test kit code, gift
card, or invitation to participate in follow-ups. Each eligible
individual enrolled in the study can only order 1 HIV self-test
kit. The study team will send approximately 400 coupon codes
redeemable for free OraQuick Home HIV self-test kits [41] to
eligible participants. The OraQuick Home HIV test kit is a
Federal Drug Administration–approved self-test kit for home
use that detects HIV antibodies in oral fluid in approximately
20 minutes. The kit is commercially available in pharmacies
and online. The test kit includes a pretest counseling pamphlet
and access to OraSure customer support by website and phone.
In-home self-test kits have high acceptability among MSM [42],
and prior research has found the OraQuick test kit to be easy to
use [36].

We will follow up with each participant at 2 intervals, 14 days
and 60 days after baseline, to evaluate our study objectives.
Each participant will receive a US $25 electronic gift card upon
completion of each evaluation (baseline, 14-day follow-up, and
60-day follow-up) for a maximum total of US $75.
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Study Population
The study aims to recruit approximately 400 MSM (or an
appropriate number of participants until approximately 400 HIV
self-test kits have been ordered) aged 18-30 years, inclusive,
who are at increased risk of HIV exposure or infection and who
use social media websites, dating apps, or informational search
websites. Participants will have to self-report being Latino
and/or Black/African American men (including multiracial and
multiethnic members of these groups) and report high-risk
sexual behavior with men (such as both condomless anal sex
in the past 90 days and more than 1 sexual partner in the past
90 days). Participants must report not currently being on PrEP,
not having taken PrEP in the past 6 months, and not having
been tested for HIV in at least the past 3 months.

Study Sites

Web-Based Platforms and Websites
Recruitment for this study will occur online through blast
advertisements placed on 1 of 3 types of web-based platforms:
social media websites, dating apps, and informational search
websites. We selected 9 websites (3 of each platform type) that
are popular among the study population (MSM aged 18-30 years
old) and allow us to place location-targeted advertisements.
Although some websites offer additional targeting options (eg,
LGBTQ interests), no additional targeting was specified to keep
conditions similar across platforms. During each wave, we will
allocate approximately US $1100 weekly for advertising on
each website.

For social media websites, we selected Facebook, Instagram,
and Twitter. Facebook is a social networking website accessible
through a dedicated smartphone app or a web browser. Of US
adults aged 18-29 years, 81% own and use a Facebook account
[32]. Facebook has been frequently used in many studies as a
means for recruitment and prevention message dissemination
[32,43]. Our team has previously used Facebook to recruit and
retain MSM for 12 months [44,45]. Instagram is a photo-sharing
social networking app that can be accessed by a smartphone
app or web browser. As of June 2018, Instagram reported more
than 1 billion monthly active users worldwide, mostly younger
users below the age of 35 years [46]. In a recent study among
focus groups of Black college students, participants indicated
Instagram was one of their preferred social networks,
underscoring the increased popularity and usage of these

websites for young people (18-29 years of age) and
non-Hispanic Black people [35]. Twitter is a news and social
networking service accessible by web browser and a dedicated
app. There are over 69 million Twitter users in the United States,
and an average 36% of Americans aged 18-29 years use Twitter
[47].

Grindr, Jack’d, and Hornet were selected as dating apps. Grindr,
which is accessible only via its dedicated smartphone app, is
the largest social networking app for gay, bisexual (“bi”),
transgender (“trans”), and queer people [48]. Multiple studies
have used Grindr as a platform to reach and recruit study
participants (eg, [49,50]). Our team has used Grindr for
advertising and has reached nearly 12,000 unique users, which
resulted in 334 HIV self-test kit orders [49]. Jack’d is a
location-based mobile app for gay and bisexual men to meet
other men. The app has a global network of 1.2 million users.
Nearly 80% of its users are under 24 years of age, while 30%
of its users are Black, and 20% are multiracial or Latino [51].
Hornet is accessible via smartphone app and a web-based
platform. It has nearly 3 million users in the United States, and
its most active users are gay men aged 18-34 years. In the United
States, 16% of Hornet users are Latinos, and 9% are African
Americans [52].

Google, Bing, and Yahoo were selected as the informational
search websites for this study. These internet search engines
are accessible from personal computers or handheld devices.
Google received approximately 92% of search visits in the
United States as of 2019 [53,54]. Bing received 3.9% of search
visits, and Yahoo received approximately 3% of search visits
[53,54].

The study team identified relevant topics and generated a list
of keywords for the informational search websites, which were
then tested with Google Trends to identify additional keywords
and remove less relevant or unpopular words and phrases.
Textbox 1 shows the final list of keywords used on the
informational search websites. We developed potential
advertisements, which were then modified through feedback
with the study team and pilot testing. We pilot tested 2
advertisements using Facebook’s A/B testing, and Figure 1
shows the advertisement selected for use on the study platforms.
The same image and text were used in all advertising placed on
social media websites and dating apps.
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Textbox 1. HIV self-test study keywords for informational search websites. Keywords and informational website searches were not case sensitive.
Expansions of abbreviations shown in parentheses are included for clarity and were not included among the keywords.

• HIV

• HIV symptoms

• Signs of HIV

• HIV AIDS

• Home HIV test

• Free HIV testing

• HIV positive

• How do you get HIV

• HIV test

• Free STD (sexually transmitted disease) testing

• Where to get HIV test

• PrEP (preexposure prophylaxis) HIV

• PrEP

• Preexposure prophylaxis

• Prevent HIV

• Prevent AIDS

• Truvada, Descovy

• AIDS HIV

• HIV and AIDS

• How do you get tested for HIV

• HIV negative

• Test for HIV

• HIV at home blood test

• At home early HIV test

• Over the counter at home HIV test kit

• AIDS and HIV

• Which HIV home test kit has FDA (Federal Drug Administration) approval

• Where to buy HIV home test kit

• Where to get HIV home test kit

• When to use HIV home test kit

• When to take HIV home test

• What is HIV home test kit

• HIV home test kit in stores

• Where to buy HIV test

• Where to do an HIV test

• Where to get an HIV test

• Where to get a free HIV test

• What is HIV home test

• Home test kit for HIV

• Home test kit for STD

• Where to get preexposure prophylaxis

• When to get preexposure prophylaxis
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When to get an HIV test•

• HIV test without blood

• HIV test near me

• HIV test near me free

• HIV test nearby

• What HIV test can provide immediate results

• When HIV test can be done

• HIV test for free

• HIV test to buy

• HIV test to order

• HIV test at home

• HIV test with saliva

• HIV test with

• HIV test with swab

• FDA approved HIV home test

• Where to buy HIV home test kit

• Where to get HIV home test kit

• When to use HIV home test kit

• When to take HIV home test kit

• HIV home test near me

• HIV test home testing kits

• What is HIV home test kit

• Will PrEP prevent HIV

Figure 1. HIV self-test study advertisement developed by the study team for social media websites and dating apps.

As part of systems testing, we ran a version of the advertisement
that linked to Qualtrics on 6 of the 9 study websites (testing of
the dating apps was precluded by the limited budget). That

testing allowed us to revise our participant tracking system and
selected website metrics. We also modified our informational
search website keywords based on recommendations from the
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Google Ads Search Engine Optimization feature, which utilizes
user search data to assist with keyword development.

Geographical Study Areas
We will place advertisements in the District of Columbia (D.C.)
and 8 states: Florida, Georgia, Louisiana, Maryland, Mississippi,
Nevada, South Carolina, and Texas. These areas were selected
because they have high rates of new HIV infections (≥17 per
100,000 [2]), sufficient coverage for confirmatory testing
(gettested.org [55]), and at least one organization that provides
PrEP in the area (PrEPmenow [56]) to facilitate uptake of PrEP
among study participants (see Multimedia Appendix 1 for
details).

Study Assessments and Data Collection
The study assessments and time points are shown in Table 2
(see Multimedia Appendix 2 for copy of study assessments).
Participants will complete the self-administered baseline
assessment online via Qualtrics after electronically consenting
and logging into Facebook SSO. As part of baseline, they will
provide demographic and contact information, and then
participants will report sexual risk behaviors using a subset of
questions from the Rapid HIV Behavioral Assessment [57] and
social media activity [44]. Recent substance use will be reported
using a subset of the Tobacco, Alcohol, Prescription
medications, and other Substance use (TAPS) tool [58] that will
assess past 3-month use of alcohol, cannabis, cocaine and
amphetamines, heroin, prescription drugs, and other illicit
substances (eg, 3,4-methylenedioxy-methamphetamine,

psilocybin, alkyl nitrites, lysergic acid diethylamide,
gamma-hydroxybutyrate, ketamine). Participants will also
answer a single-item Transtheoretical Model of Health Behavior
Change question assessing readiness to test for HIV [59], a
1-question item extracted from the HIV Testing Questions -
CDC that evaluates reasons for not testing for HIV [60], and
the Medical Mistrust Inventory [61]. Additional measures will
assess attitudes toward HIV testing [62], attitudes toward HIV
treatment [63], HIV-related stigma [64], and sexual delay
discounting [65], which assesses the participant’s likelihood of
waiting for access to a condom. At the 14-day follow-up,
participants will be emailed a link to a Qualtrics survey.
Participants will report their self-test kit use and optionally
upload a picture of their test result in the survey. If a participant
elects to upload a photo, the study team will confirm the
self-reported result using the manufacturer’s instructions [21].
If participants report a negative test result, they will be asked
if they visited a PrEP provider, if they started PrEP, their
opinions about PrEP, and facilitators and barriers [66]. If
participants report a preliminary positive on the HIV self-test,
they will be asked whether they visited an HIV treatment
provider. At the 60-day follow-up, all participants will be asked
to respond to study evaluation questions. If participants reported
not testing or not starting PrEP at the 14-day follow-up, they
will be asked those questions again. Although not part of study
data collection, additional outreach attempts will be conducted
by email and phone for those with positive or indeterminate test
results to encourage confirmatory testing and linkage to care.

Table 2. HIV self-test study schedule of study assessments.

60–day follow-up14–day follow-upBaselineMeasure

XaSocial Media Activity [44]

XRapid HIV Behavioral Assessment [57]

XTobacco, Alcohol, Prescription medications, and other Substance use (TAPS) Tool [58]

XThe Transtheoretical Model of Health Behavior Change (State of Change): HIV Testing [59]

XAttitudes Toward HIV Testing [62]

XReasons for Not Testing for HIV [60]

XAttitudes Toward HIV Treatment [63]

XHIV-Related Stigma [64]

XMedical Mistrust Inventory [61]

XSexual Delay Discounting [65]

*bXHIV Self-Test Result

*XPrEPc Uptake Facilitators & Barriers [66]

*XPrEP Opinions

XStudy Evaluation Questions

aX: assessed.
b*: assessed if not reported at 14-day follow-up.
cPrEP: preexposure prophylaxis.

Additional data will be collected from websites and online
services. Each recruitment website will provide advertising
metrics (eg, cost, impressions, clicks), and the advertisement

placed on each platform will link to a separate Qualtrics
screening and baseline survey to track from which platform
participants were recruited. Reports on HIV self-test kit orders
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will be obtained directly from OraSure, allowing objective
measurement in addition to the self-report data collected during
follow-ups.

Outcome Measures
The primary outcome is the number of HIV self-test kits ordered
per day through each type of online platform (social media
websites, informational search websites, dating apps) during
the time each wave is operational. This will be measured by the
number of HIV self-test kits ordered through the OraSure
website by the type of online platform. This outcome was
specified as a rate because of the expectation that different
waves may be open for recruitment for different periods.
Secondary outcomes include the number of participants who
started PrEP and the number of participants who tested positive
for HIV. Secondary outcomes will also assess whether those
with more complex substance use history and severity — as
measured using the validated categories of the TAPS [58] —
will be less likely to order an HIV self-test kit and less likely
to uptake PrEP. Similarly, we will examine whether those closer
to the “action” (ie, Determination) stage for HIV testing will
be more likely to be recruited through informational sites and
will be more likely to order an HIV home self-test kit and start
PrEP [59]. Other measures will characterize the sample or be
assessed as potential moderators of HIV testing and PrEP uptake
outcomes: attitudes toward HIV testing and treatment,
HIV-related stigma, medical mistrust, sexual delay discounting,
and PrEP facilitators and barriers. The amount of money spent
per test kit ordered per promotion type, including all the costs
of the intervention (advertisement, test kit), will be compared
to determine the most efficient web-based platform for
advertisements related to promotion of HIV home self-test kits
and PrEP uptake.

Sample Size Justification
The relative effectiveness of the 3 platform types will be
evaluated by comparing the rates of test kit orders. The study
will recruit a sufficient number of MSM who actively use social
media websites, dating apps, and informational search websites
to obtain approximately 400 test kit orders. The sample size
justification involved investigating power for selected data
aspects and estimating platform rates and their confidence
intervals by specifying different effect sizes. The simulations
assumed that each wave would be open for recruitment until at
least 133 test kits were ordered across all 3 websites in that
wave. The time each wave was open for enrollment was used
as an offset in the Poisson regression model implemented in the
simulations. The covariates in this Poisson model included
wave, type of platform, and the interaction between the two.
Power was investigated for data aspects such as for the test of
the null hypothesis that the rates for the 3 dating apps can be
pooled and for the test of the null hypothesis that the pooled
rates (ie, across waves) of social media websites and dating
apps are the same. Regarding the estimation of the rate for the
dating app Grindr, the results showed that if the true Grindr rate
is 40 kits per 2 weeks, the majority (at least 80%) of the 95%
CIs for the Grindr rate will lie within 31 and 62 kits. If the true
Grindr value is 10 kits per 2 weeks, the 95% CI will probably
lie between 4 and 19. For the test of whether the rates of the 3

dating app websites can be pooled, we expect at least 80% power
if the range of the rates exceeds 12 kits per 2 weeks. For the
test of whether the pooled rates of social media websites and
dating apps are the same, there is at least 80% power if the
absolute difference is 8 kits per 2 weeks.

Statistical Analysis
The platforms and their implementation are provided in Table
1. There are 3 rows corresponding to the 3 waves and 3 columns
corresponding to the 3 types of promotional platforms. For each
wave, the number of kits ordered from each website will be
expressed as a daily rate (ie, number of kits ordered in that
website divided by days to recruit 133 test kit orders). All kits
ordered while the wave is actively recruiting will be included
in the primary outcome analysis. It is hypothesized that the rate
of kit orders will vary across platforms. The primary outcome
analysis will be conducted using a Poisson regression model
with wave recruitment time as an offset. The model will adjust
for wave, type of website, and their interaction. A similar model
will be used for the PrEP uptake secondary outcome. The
additional secondary and exploratory analyses will be conducted
using univariate tests and descriptive statistics such as counts,
percentages, and 95% CIs.

Results

The protocol and informed consent document were reviewed
and approved by the University of California, Los Angeles
Institutional Review Board. We started recruitment in January
2020, and recruitment was expected to take up to 9 months.
Recruitment was completed in July 2020. Follow-up data
collection was completed in September 2020.

Discussion

This study seeks to evaluate the effectiveness of an online
campaign promoting HIV self-testing on different types of
web-based platforms: social media websites, dating apps, and
informational search websites. The platforms’ relative
effectiveness for promoting HIV self-testing will be determined
by their rates of HIV test kit orders. The order rate for each
platform may reflect the number of users, the number of
high-risk users, and whether the users of that platform are likely
to order a kit. For example, targeted analyses may demonstrate
differences between the platforms in terms of their ability to
reach a larger number of eligible participants quickly, as
measured by a higher click volume, versus their ability to appeal
to individuals that are more likely to ultimately order a test kit,
as measured by a higher proportion of successful clicks.
Secondary outcomes will include the number of participants
who started PrEP, the number who tested positive for HIV, how
these key outcomes are impacted by variables such as substance
use, and the efficiency of the online platforms types for
promoting HIV testing and PrEP uptake.

This study has implications for future research and public health
promotion. Although previous studies have used dating and
social media websites to promote HIV testing, to our knowledge,
this is the first study to include informational search websites
in an evaluation of online HIV prevention efforts. Findings may
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contribute to our understanding of the receptivity of users from
these different types of platforms to obtain HIV prevention
services. Further, public health funds are limited, so it is
important to study the relative costs of different approaches for
promoting health behavior, including HIV testing and PrEP
uptake. Another piece of critical information to understand is

the drivers and moderators of online users’ HIV testing and
PrEP uptake. For example, results may inform how substance
use affects HIV self-testing when MSM are recruited online.
Understanding these and other factors impacting an individual’s
receptiveness to test could assist in maximizing the impact of
prevention campaigns through these popular online platforms.
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Abstract

Background: Patient awareness, clinician detection, and management of chronic kidney disease remain suboptimal, despite
clinical practice guidelines and diverse education programs.

Objective: This protocol describes a study to develop and investigate the impact of the National Kidney Foundation Kidney
Score Platform on chronic kidney disease awareness, communication, and management, by leveraging the Behavior Change
Wheel, an implementation science framework that helps identify behavioral intervention targets and functions that address barriers
to behavior change.

Methods: We interviewed 20 patients with chronic kidney disease and 11 clinicians to identify patient and clinician behaviors
suitable for intervention and barriers to behavior change (eg, limited awareness of chronic kidney disease clinical practice
guidelines within primary care settings, limited data analytics to highlight chronic kidney disease care gaps, asymptomatic nature
of chronic kidney disease in conjunction with patient reliance on primary care clinicians to determine risk and order kidney
testing). Leveraging the Behavior Change Wheel, the Kidney Score Platform was developed with a patient-facing online Risk
Calculator and a clinician-facing Clinical Practice Toolkit. The Risk Calculator utilizes risk predictive analytics to provide
interactive health information tailored to an individual’s chronic kidney disease risk and health status. The Clinical Practice
Toolkit assists clinicians in discussing chronic kidney disease with individuals at risk for and with kidney disease and in managing
their patient population with chronic kidney disease. The Kidney Score Platform will be tested in 2 Veterans Affairs primary
health care settings using a pre–post study design. Outcomes will include changes in patient self-efficacy for chronic kidney
disease management (primary outcome), quality of communication with clinicians about chronic kidney disease, and practitioners’
knowledge of chronic kidney disease guidelines. Process outcomes will identify usability and adoption of different elements of
the Kidney Score Platform using qualitative and quantitative methods.

Results: As of September 2020, usability studies are underway with veterans and clinicians to refine the patient-facing components
of the Kidney Score Platform before study initiation. Results and subsequent changes to the Kidney Score Platform will be
published at a later date. The study is expected to be completed by December 2021.
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Conclusions: Results of this study will be used to inform integration of the Kidney Score Platform within primary care settings
so that it can serve as a central component of the National Kidney Foundation public awareness campaign to educate, engage,
and empower individuals at risk for and living with chronic kidney disease.

International Registered Report Identifier (IRRID): PRR1-10.2196/22024

(JMIR Res Protoc 2020;9(10):e22024)   doi:10.2196/22024
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Introduction

Chronic kidney disease affects 37 million Americans [1].
Chronic kidney disease progression can ultimately lead to kidney
failure, a life-threatening illness that, even with dialysis
treatment, confers a death rate worse than most cancers and
significantly reduces quality of life [2]. Additionally, chronic
kidney disease is a disease multiplier that often occurs with
diabetes or hypertension and increases the risk of emergency
department visits, hospitalizations, and cardiovascular events
[3]. Total Medicare spending for beneficiaries with chronic
kidney disease and kidney failure was over $120 billion in 2017,
of which over $35.9 billion was spent to manage or treat kidney
failure, a condition that can often be prevented with optimal
chronic kidney disease management [2].

Chronic kidney disease is usually asymptomatic. Optimal
management slows the progression of kidney disease and
reduces cardiovascular events [4,5]. Individuals cannot readily
know their disease status or risk without clinician recognition
of risk, testing, detection, and communication [6]. Previous
studies [7,8] show that clinician detection and communication
about kidney disease are suboptimal. Importantly, clinician
diagnosis of chronic kidney disease is associated with increased
delivery of evidence-based care, as well as increased patient
awareness of their kidney disease [9-11]. As many as half of
patients with advanced chronic kidney disease are unaware that
they have chronic kidney disease, including those with
laboratory manifestations of their kidney disease [12]. Patient
awareness of chronic kidney disease, including the knowledge
of having a kidney problem and the perceived risk of developing
kidney disease, as well as the ability to affect their kidney health,
is necessary for patients to participate in shared decision making
about their kidney health and to apply management
recommendations to improve outcomes [13]. Existing education
programs, awareness campaigns, and clinical practice guidelines,
including those from the National Kidney Foundation’s (NKF)
Kidney Disease Outcomes Quality Initiative and the Veterans
Affairs and Department of Defense Clinical Practice Guidelines
for the Management of Chronic Kidney Disease, have minimally
improved chronic kidney disease awareness in the United States
and veteran populations, respectively [14,15].

Among the population served by Veterans Affairs (VA), 1 in 6
has chronic kidney disease. It is the fourth most diagnosed
disease within the Department of Veteran Affairs, and over
13,000 veterans develop end-stage renal disease each year [16].
Diagnosis within the VA is low, with only 39% of veterans with

chronic kidney disease stages 3-4 appropriately identified with
International Classification of Diseases diagnostic codes in 2011
[7]. A roundtable discussion during the Kidney Innovation
Summit hosted by the VA Center for Innovation and the
American Society of Nephrology highlighted the need for a
paradigm shift in education and awareness by addressing gaps
in communication between “what is said, what is heard, and
what the patient understands” and educating clinicians on how
to meaningfully engage with patients at different stages of
kidney health. This investigation is a significant incremental
contribution to the Advancing American Kidney Health
Initiative’s aim 1 of 3 to reduce the number of Americans
developing end-stage renal disease by 25% by 2030 [17].

Implementation science frameworks, which take into account
multiple interacting domains and processes that factor into
successful program implementation, can help assure that the
aforementioned gaps in chronic kidney disease awareness and
education are addressed with interventions that are feasible and
generalizable in real-world setting [18]. Consistent with these
principles, the National Kidney Foundation developed the
Kidney Score Platform to increase individual awareness and
perceived risk of chronic kidney disease, thereby enhancing
discussions about kidney disease between patients and clinicians.
With this paper, we describe how we leveraged an
implementation science framework to develop the Kidney Score
Platform and propose to implement and evaluate its impact on
veteran understanding and engagement with chronic kidney
disease care as well as clinician self-efficacy for identifying and
discussing chronic kidney disease with their patients.

Methods

Behavior Change Wheel
We selected the Behavior Change Wheel [19] as a framework
for the development of the Kidney Score Platform. This
framework was developed from a synthesis of 19 other
frameworks of behavior change and incorporates 3 layers to
guide intervention development and deployment (Figure 1) [19].
The first layer uses the Capability, Opportunity, Motivation,
Behavior (COM-B) model to identify barriers, enablers, and
sources of behaviors that serve as potential intervention targets.
The second layer of the wheel identifies 9 intervention functions
that could be leveraged by the Kidney Score Platform to address
the enablers and barriers to behavior change identified in the
first layer. The third layer offers 7 policy options that can be
deployed to support the testing and subsequent use of the Kidney
Score Platform.
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Figure 1. The behavior change wheel from reference Michie and colleagues [19].

The Kidney Score Platform
From June 2016 to September 2016, the NKF conducted
in-depth interviews with 20 nondialysis-requiring chronic kidney
disease patients and 11 clinician experts in chronic kidney
disease care including nephrologists and primary care
practitioners (Multimedia Appendix 1). These interviews
identified information that patients found most useful at various
stages of their chronic kidney disease journey and provided
insight into the type of information that clinicians conveyed to
patients at those stages. Data from both clinician and patient
audiences also identified barriers and enablers to behavior
change that were categorized according to the COM-B model.
Examples of patient barriers included the asymptomatic nature
of disease, reliance on primary care clinicians to determine risk
and order testing, and inadequate kidney-focused clinical
workforce (ie, primary care clinicians, chronic kidney disease
certified nutritionists, and nephrologists) (capability);
underdiagnosis of chronic kidney disease in primary care and
limited public awareness of chronic kidney disease
(opportunity); and limited kidney literacy and low patient
activation (motivation). Patient enablers included access to
patient portals containing laboratory findings, availability of
chronic kidney disease care planning, and care coordination
(capability); availability of online chronic kidney disease patient
education and access to chronic kidney disease care management
tools (opportunity); and participation in chronic kidney disease
peer mentoring programs and availability of self-management
programs for chronic kidney disease (motivation).

Examples of clinician barriers were limited awareness of chronic
kidney disease clinical practice guidelines, challenges in

modifying organizational workflows for diabetes and
hypertension, no financial incentives for chronic kidney disease
recognition (capability); limited availability of chronic kidney
disease training in medical school and absence of formal chronic
kidney disease awareness campaigns (opportunity); low
prioritization of chronic kidney disease by health care
organizations and by health care payers; and limited data
analytics to highlight chronic kidney disease care gaps
(motivation). Clinician enablers included chronic kidney disease
clinical decision support in the electronic health record,
performance measures for chronic kidney disease testing, and
risk adjustment strategies for chronic kidney disease diagnosis
and severity (capability); systemic quality improvement focused
on chronic kidney disease care processes and inclusion of
chronic kidney disease interventions in risk factor education
(ie, hypertension) (opportunity); and use of practice facilitation
teams to improve chronic kidney disease care and use of
registries to demonstrate opportunities in chronic kidney disease
care (motivation).

Kidney Score Platform Online Interface (for Patients)
Based on the aforementioned behavior change targets, the NKF’s
multidisciplinary team of experts in web technology design,
user interface development, information architecture, adult
learning, and patient education partnered with experts in kidney
care, patient education, and app design to develop the Kidney
Score Platform online interface. Using the Behavior Change
Wheel intervention functions education, persuasion, and
enablement, the interface was designed to improve awareness
and understanding about kidney disease among people at risk
for and living with chronic kidney disease (Table 1).
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Table 1. Elements of the Kidney Score Platform informed by the 3 layers of the Behavior Change Wheel framework to directly address patient and
clinician barriers and facilitators of behavior change for chronic kidney disease awareness, communication, and management.

Behaviour Change WheelBehavior changeElements

Policy categoriesIntervention functionsBehavior sourcesFacilitatorsBarriers

Patient-facing

Risk online interface

Communication/ mar-
keting

EducationCapabilityPatient portals with
laboratory data

Asymptomatic nature

Communication/ mar-
keting

EducationOpportunityOnline educationLimited public aware-
ness

RegulationPersuasionOpportunityAccess to manage-
ment tools

Underdiagnosis

RegulationEnablementMotivationExisting self-manage-
ment programs

Limited health litera-
cy; low patient activa-
tion

Clinician-facing

Regulation; communi-
cation/ marketing

PersuasionOpportunityQuality improvement
focused on chronic
kidney disease

Suboptimal awareness
of clinical practice
guidelines

Practice assessment

GuidelinesEducationOpportunityLinkage of chronic
kidney disease with
risk factor education

Absence of formal
awareness campaigns

CKDinform 2.0

RegulationEducationMotivationValidated tools to
quickly assess health
literacy

Poor knowledge about
health literacy

AHRQ REALM-SFa

Communication/ mar-
keting; Regulation

ModelingCapabilityLinkage of chronic
kidney disease with
risk factor education

Limited training in
medical school

Teach-back video

Service provisionEnablementCapabilityClinical decision sup-
port in the electronic
health record

Challenges in modify-
ing workflows for dia-
betes and hyperten-
sion

Change Package

aAHRQ REALM-SF: Agency for Healthcare Research and Quality Rapid Estimate of Adult Literacy in Medicine—Short Form.

The 3 other policy categories described in the Behavior Change
Wheel that will not be applied to the evaluate the Kidney Score
Platform are fiscal, legislation, and social planning.

The free online interface utilizes a rule engine and risk predictive
analytics to provide interactive health information tailored to
the individual’s chronic kidney disease risk and health status.
After entering risk factor information as well as laboratory
findings in the Kidney Score Platform’s online interface, end
users receive educational programming tailored to their current
clinical status and risk for chronic kidney disease development
or progression. Information is organized into context-specific
easily digestible snippets, an approach aligned with the growing
body of health education on how interactive content and tools

such as apps, online health assessments, calculators, games, and
quizzes can significantly affect comprehension, attitudes,
self-efficacy, and health-related behavior change (Figure 2)
[20-22]. The Kidney Score Platform Online interface blends
the two of the most frequently accessed areas on the NKF
website [23] (which receive over 19 million unique visitors per
year)—the chronic kidney disease Risk Stratification Tool (Heat
Map) and the patient-directed A to Z Guide—into a single
tailored learning experience about kidney health. Topics span
the spectrum of information from risk factors for chronic kidney
disease to the benefit of medical nutrition therapy, fitness,
weight control, and informed decision making for medical
management of chronic kidney disease.
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Figure 2. Design of the Kidney Score Platform online interface, which utilizes a rule engine and risk predictive analytics to provide interactive health
information tailored to the individual’s chronic kidney disease risk and health status. CKD: chronic kidney disease; eGFR: estimated glomerular filtration
rate; DM: diabetes; HTN: hypertension; uACR: urine albumin-creatinine ratio.

Clinical Practice Toolkit (for Clinician Teams)
Clinician-identified barriers and enablers for optimal discussions
about chronic kidney disease informed the creation of the
Kidney Score Platform’s Clinical Practice Toolkit. Leveraging
the Behavior Change Wheel intervention functions of education,
persuasion, enablement, and modeling, the toolkit assists
clinicians in discussing chronic kidney disease with individuals
at risk of and those living with chronic kidney disease who may
have different health literacy levels (Table 1). The toolkit
includes elements that help identify patient populations at risk
for and with chronic kidney disease, online continuing medical
education about kidney disease detection and management, a
tool that can be applied in clinical practice to assess patient
health literacy for education tailoring, teach-back videos that
model discussions about chronic kidney disease concepts, and
quality improvement interventions that can be implemented at
the clinic level to improve identification of patients at risk or
living with chronic kidney disease.

Practice assessment is an algorithm that extracts chronic kidney
disease-related data from the electronic medical record to assist
clinical practices in identifying (1) patients at risk for chronic
kidney disease who have not been tested for kidney disease; (2)
patients with underlying undiagnosed chronic kidney disease
based on laboratory testing; (3) patients with chronic kidney
disease who could benefit from improved understanding of
chronic kidney disease and the choices for medical management
of chronic kidney disease.

CKDinform 2.0 is an online continuing education activity based
on Kidney Disease Outcomes Quality Initiative clinical practice
guidelines that review chronic kidney disease testing, detection,
and care [24].

The Rapid Estimate of Adult Literacy in Medicine—Short Form
(REALM-SF) is a validated 7-item word recognition test that
provides clinicians with a quick assessment of a patient’s health
literacy and capacity to understand health information [25].

Teach-back videos provide examples for practitioners of how
to utilize the Kidney Score Platform online tool to communicate
with individuals at risk for or living with chronic kidney disease.
These short videos, featuring an expert clinician investigator
and an individual living with chronic kidney disease, provide
several examples of the teach-back method being utilized to
assess patient comprehension of chronic kidney disease–related
concepts (ie, understanding the importance of kidney health,
medical nutrition therapy for chronic kidney disease, and
importance of avoiding certain over-the-counter medications)
including instructions conveyed during the office visit about
medication safety use.

Change Package is a free publicly available online compendium
of tools or actionable process improvements that clinicians in
primary care settings can implement to integrate Kidney Score
Platform chronic kidney disease education and related
interventions into their practice workflow [26]. By including
process improvements that can be rapidly tested, the Change
Package can help practices to deploy systems that efficiently
and effectively support patients with chronic kidney disease. It
was developed in collaboration with the Centers for Disease
Control and Prevention Million Hearts initiative based on the
foundation of their Hypertension Change Package [27].

Study Design
The policy strategies from the Behavior Change Wheel that
enable and support the testing and use of the Kidney Score
Platform include communication/marketing, regulation,
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guidelines, and service provision (Table 1). These are embedded
in the pre–post study design that will test the impact of the
Kidney Score Platform on patient self-efficacy for chronic
kidney disease management within the primary health care
settings of 2 VA medical centers: VA New York Harbor
Healthcare System and VA Connecticut Healthcare System.
This study has been approved by the Institutional Review Boards
of the VA Connecticut Healthcare System (#02290) and VA
New York Harbor Healthcare System (#01705) and any
modifications to the study protocol will be communicated to
them for review before implementation.

Intervention
Veterans will interact with the Kidney Score Platform online
interface individually while awaiting their clinical encounter
via tablets or laptops (communication/marketing). As depicted
in Figure 3, veterans who have consented to participate in the
study will complete an online preassessment survey before
exposure to the Kidney Score Platform’s Online Interface.
Participants will then engage with the online interface for 5-20
minutes before their clinician visit. This interaction can occur
at home for a telehealth visit or in the waiting room for an
in-person visit. If requested, Kidney Score Platform will offer
participants a copy of questions to ask their clinician about their
kidney health, tailored to their chronic kidney disease risk,
determined by the Kidney Score Platform’s embedded rules

engine. These questions aim to further reinforce important
chronic kidney disease topics and foster meaningful
patient-professional conversations (regulation). Within a week
after the clinical encounter, veterans will be asked to complete
a brief survey (electronically or by phone) to assess the impact
of the Kidney Score Platform on their understanding of chronic
kidney disease and the quality of their conversation with their
practitioner about kidney health. The Kidney Score Platform is
intended to serve as an adjunct to clinical care; there will be no
restrictions on concomitant care interventions delivered during
or after the clinical visit.

Prior to veteran recruitment, we will offer the accompanying
clinical practice toolkit to primary care teams (service
provision). Practitioners will be encouraged (but not mandated)
to utilize the clinical practice tools, particularly completing
CKDinform 2.0 and watching the chronic kidney disease
teach-back video (communication/marketing). These tools will
prepare practitioners for conversations with veterans as well as
reinforce chronic kidney disease clinical practice guidelines on
detection, patient education, and intervention (regulation,
guidelines). Pre and postsurveys will be conducted to assess the
impact of the clinical practice toolkit on practitioners’perception
of chronic kidney disease, chronic kidney disease knowledge,
and important topics for chronic kidney disease patient
education.

Figure 3. Process flow for Kidney Score study. CKD: Chronic Kidney Disease; eGFR: estimated glomerular filtration rate; VHA: Veteran's Health
Administration.
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Study Population Criteria
Veterans with and at risk for chronic kidney disease and their
primary care clinical teams represent the target population.
English-speaking veterans utilizing VA primary care services
between the ages of 18 and 75 with diabetes or hypertension as
defined in the electronic health record will be eligible for this
study. Exclusion criteria include an estimated glomerular

filtration rate <15 mL/min/1.73m2 from recent laboratory tests
in the medical record or those receiving dialysis treatment, as
the Kidney Score Platform is not geared toward individuals
with severe chronic kidney disease. Kidney transplant recipients
will also be excluded, as their care is delivered predominantly
in the subspecialty care setting rather than the primary care
setting. We will also exclude veterans enrolled in hospice
services, as chronic kidney disease awareness and
self-management are less important for this population. Other
exclusions include pregnancy, vision impairment, and severe
dementia, identified by the problem list in the electronic health
record or during the consent process. All primary care clinicians
working as part of a Patient Aligned Care Team (PACT) in
participating VA Medical Centers will be eligible for
participation in the study.

Recruitment
Veterans work collaboratively with their PACT multidisciplinary
team members to meet their health care needs. PACTs often
include clinicians, nurses, medical assistants, social workers,
and pharmacists, among other allied health professionals. The
study team will work with each PACT team’s care coordination
staff to identify veterans who meet the inclusion criteria with
appointments during the intervention’s phase. Collaborating
with primary care champions at each site, the project team will
explore variations in recruitment process based on the site’s
resources, clinical flow, and use of telehealth for care delivery
due to the COVID-19 pandemic.

Recruitment of clinicians from each PACT team will occur
during a presentation of the project, during which the research
team can answer questions. Clinical champions from each

participating VA have been engaged in project co-design and
will help ensure adequate and diverse clinician participation.

Consent
A member of the project team will describe the innovation and
its goals and purpose to eligible veterans. Individuals that can
correctly explain the project protocol and answer simple
teach-back questions (in part to assess for dementia) will be
asked to provide consent. Eligible providers will also be asked
to provide consent to participate after they hear about the project
and its goals.

Data Collection and Outcomes

Sociodemographic Data
Sociodemographic data (age, gender, race/ethnicity), co-morbid
conditions (diabetes, hypertension, cardiovascular disease), and
baseline laboratory data (serum creatinine, proteinuria, or
albuminuria), will be collected from all consenting participants
from the electronic health record, including participants who
do not complete surveys for primary outcome collection (see
below). All individually identifiable data will remain within the
VA data system. Practitioner sociodemographic data (age,
gender, race/ethnicity), role, panel size or practitioner caseload,
and years of experience will be self-reported.

Behavior and Attitude Outcomes
The primary outcome is change in self-efficacy for chronic
kidney disease management, measured by the Patient Activation
Measure [28]. We will also examine changes in self-reported
communication with practitioners about chronic kidney disease
and ability of veterans to describe the tests used to detect chronic
kidney disease. Validated instruments will be used [29,30],
deployed via secure online surveys linked to the Kidney Score
Platform’s online interface to maximize data quality and
security. We will also assess the impact of the Clinical Practice
Toolkit on practitioners’ perception of chronic kidney disease,
chronic kidney disease knowledge, and important topics for
chronic kidney disease patient education (Table 2).

Table 2. Patient and clinician behavior outcomes.

Method of ascertainmentOutcome

Patient Activation Measure [28]Change in patient self-efficacy for disease self-management

Boulware questionnaire [31]Change in patient perceived risk of chronic kidney disease and chronic kidney disease awareness

Stanford communication instrument [29]Change in patient comfort communicating with providers

Knowledge surveyChange in clinician perception of and actual chronic kidney disease knowledge

Process Measures
Using the Reach Evaluation-Adoption Implementation and
Maintenance (RE-AIM) framework for program evaluation
[32], we will conduct process evaluation of the Kidney Score’s
online platform and accompanying Clinical Practice Toolkit,
across and within VA partnering sites. We will examine (1)
reach to intended target audiences (veterans most at risk for

chronic kidney disease, PACT team members); (2) effectiveness
of the Kidney Score among veterans and practitioners, including
usability of the online interface; (3) adoption of the Kidney
Score and toolkit by primary care teams across and within
partnering VA Medical Centers and (4) implementation
consistency, costs, and adaptations made during deployment
and delivery (Table 3).
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Table 3. Process outcomes for implementation analysis, based on the RE-AIM framework [32].

Method of assessmentOutcomeRE-AIMa dimension

VAMCb clinic lists; electronic
health record data; description of

PACTc teams

1. Number of eligible patients who consentReach (representativeness
of participants)

2. Demographic and clinical characteristics of subjects who enroll/do not enroll

3. Demographic characteristics of participating clinicians

Screen sharing and observation1. Usability of the Kidney Score Platform online interfaceEffectiveness (adherence
and engagement)

2. Percentage of patients who request a copy of discussion questions for their
provider

Electronic health record data3. Percentage of at-risk patients with urine albumin-creatinine ratio testing

4. Percentage of patients with chronic kidney disease with diagnosis on problem
list

5. Percentage of patients with proteinuria prescribed angiotensin converting enzyme
inhibitor/angiotensin receptor blocker

6. Percentage of patients referred to nephrology

Formative evaluation with PACT
team members and Quality Improve-
ment team leaders

1. Are providers satisfied with integration with clinic work flow?Adoption

1. Is each component delivered as intended? (fidelity)Implementation

2. What components of the intervention were customized to each VAMC?

3. How much VAMC personnel time is required to deploy the clinical practice
toolkit?

aRE-AIM: Reach Evaluation-Adoption Implementation and Maintenance.
bVAMC: Veteran Affairs Medical Center.
cPACT: Patient Aligned Care Team.

Sample Size Considerations
The study is powered to detect changes in Patient Activation
Measure (PAM) score, a validated measure of an individual’s
knowledge, skill, and confidence in managing one’s health [28].
Data from prior self-management intervention studies have
demonstrated a change in PAM score SD of 14.5. Using
two-tailed paired t test calculations, we would need to enroll
103 veterans to engage with the Kidney Score Platform and
complete the pre and postsurveys to detect a 4-point clinically
meaningful change in the PAM, assuming that the PAM would
not change among individuals not exposed to Kidney Score
Platform [33]. Accounting for a conservative 20% dropout, we
need to recruit 124 veterans. In previous studies [30] related to
chronic kidney disease education in primary care, 67% of
eligible patients agreed to participate. Preliminary data suggest
that there are >1200 eligible veterans for our project in each
medical center PACT program.

Data Analysis
Impact of the Kidney Score Platform on change in participant
PAM scores (primary outcome) will be conducted with linear
mixed models, adjusting for age, gender, diabetes status, kidney
disease severity, and clinic site. Additional analyses will look
for effect modification by clinician knowledge of chronic kidney
disease. Similar methods will be used to assess secondary
outcomes: self-reported communication with practitioners about
chronic kidney disease and ability of veterans to describe the
tests used to detect chronic kidney disease.

Results

As of September 2020, usability studies are underway with
veterans and clinicians to refine the patient-facing components
of the Kidney Score Platform before study initiation. Results
and subsequent changes to the Kidney Score Platform will be
published at a later date. The study is expected to be completed
by December 2021.

Discussion

This paper illustrates a theory-informed and evidence-based
approach to developing and testing an intervention to enhance
communication about kidney disease among patients and health
care professionals. To develop all of the elements of the Kidney
Score Platform, we leveraged the Behavior Change Wheel
framework to directly target behaviors that were identified as
barriers to optimal chronic kidney disease awareness and
communication during preparatory interviews, using
evidence-based intervention functions [19]. To test The Kidney
Score Platform’s impact, we partnered with VA leaders to
identify the policy categories from the Behavior Change Wheel
that could be employed at the organizational level to support
its implementation. We are now poised to test the Kidney Score
Platform’s efficacy and effectiveness on increasing an
individual’s self-efficacy and activation to decrease chronic
kidney disease risk and a primary care team’s ability to manage
chronic kidney disease and communicate about kidney disease.

While several chronic kidney disease education programs and
awareness campaigns exist across the United States, there are
limited examples in the literature of how theoretical frameworks
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can be leveraged to develop and test interventions to enhance
kidney-related communication among clinicians and patients
and improve self-efficacy and overall health among individuals
with kidney disease. To our knowledge, this is one of the few
chronic kidney disease awareness interventions developed and
proposed to be tested according to an individual behavioral
change theory (ie, Behavior Change Wheel). Theory-informed
interventions are more likely to be effective than interventions
not based on theory, though a formal study is required to test
whether the slow deliberate process (such as that used to develop
the Kidney Score Platform) leads to greater effectiveness within
the context of health care delivery.

Results of the anticipated study examining the impact of Kidney
Score Platform on patients and clinician chronic kidney disease
awareness and communication will be shared with participants
and will used to refine the different elements of the platform
and their integration within primary care settings including new

care delivery workflows, such as telehealth. Study results will
be most applicable to care delivery in VA administration settings
involving in-person and phone or video visits. While this is one
limitation to this study, we anticipate that the Kidney Score
Platform’s impact on awareness, self-efficacy, educational, and
communication outcomes among veterans and their clinicians
will be generalizable to other settings and novel care delivery
mechanisms. If so, the robust process by which the Kidney
Score Platform was developed can serve as a model for the
creation and implementation of other innovations that focus on
behavior change as a means of enhancing kidney health. The
refined Kidney Score Platform that will emerge from this study
has the potential to significantly impact the lives of the
approximately 37 million US adults affected by chronic kidney
disease, as it will serve as a central component of the NKF’s
national public awareness initiative to educate, engage, and
empower individuals at risk for and living with chronic kidney
disease.
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Abstract

Background: Despite the high potential of big data, their applications in health care face many organizational, social, financial,
and regulatory challenges. The societal dimensions of big data are underrepresented in much medical research. Little is known
about integrating big data applications in the corporate routines of hospitals and other care providers. Equally little is understood
about embedding big data applications in daily work practices and how they lead to actual improvements for health care actors,
such as patients, care professionals, care providers, information technology companies, payers, and the society.

Objective: This planned study aims to provide an integrated analysis of big data applications, focusing on the interrelations
among concrete big data experiments, organizational routines, and relevant systemic and societal dimensions. To understand the
similarities and differences between interactions in various contexts, the study covers 12 big data pilot projects in eight European
countries, each with its own health care system. Workshops will be held with stakeholders to discuss the findings, our
recommendations, and the implementation. Dissemination is supported by visual representations developed to share the knowledge
gained.

Methods: This study will utilize a mixed-methods approach that combines performance measurements, interviews, document
analysis, and cocreation workshops. Analysis will be structured around the following four key dimensions: performance, embedding,
legitimation, and value creation. Data and their interrelations across the dimensions will be synthesized per application and per
country.

Results: The study was funded in August 2017. Data collection started in April 2018 and will continue until September 2021.
The multidisciplinary focus of this study enables us to combine insights from several social sciences (health policy analysis,
business administration, innovation studies, organization studies, ethics, and health services research) to advance a holistic
understanding of big data value realization. The multinational character enables comparative analysis across the following eight
European countries: Austria, France, Germany, Ireland, the Netherlands, Spain, Sweden, and the United Kingdom. Given that
national and organizational contexts change over time, it will not be possible to isolate the factors and actors that explain the
implementation of big data applications. The visual representations developed for dissemination purposes will help to reduce
complexity and clarify the relations between the various dimensions.

Conclusions: This study will develop an integrated approach to big data applications that considers the interrelations among
concrete big data experiments, organizational routines, and relevant systemic and societal dimensions.

International Registered Report Identifier (IRRID): DERR1-10.2196/16779
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Introduction

Background
The potential of big data in health care is well-recognized in
the literature [1-4]. Big data are heterogeneous, complex, and
derived from many sources, for example, primary and secondary
electronic medical records, laboratory data, prescriptions,
imaging data, patient monitors, and telemedicine. Big data can
be captured by mobile apps, real-time location tracking, and
urban registries [1]. Patients, citizens, and other stakeholders
can collect big data, sometimes for other purposes than health
care. The framework often used to describe big data is “3V,”
which refers to the volume of data, variety of sources and types
of data, and velocity of the analysis [5-7]. Other authors have
added “veracity” (referring to credibility and “error-free”
analytics of big data) and “value” (referring to the impact of
big data usage on competitive advantage and performance) to
the 3V framework [8-10].

In health care, big data have been described as “encompassing
high volume, high variety biological, clinical, environmental,
and lifestyle information collected from single individuals to
large cohorts, in relation to their health and wellness status, at
one or several time points” [11]. With big data analytics,
routinely generated and collected health care data can be reused
for quality improvement (eg, quality registries, benchmarking,
and guideline development) [1], population management (eg,
early detection of diseases and accessibility), or improved
decision making (eg, treatment and cost reduction) [4].
Examples of big data analytics in health care are machine
learning, deep learning, image analytics, prediction algorithms,
and real-time event detection [4].

In medicine, research has focused on the technical dimensions
of big data, that is, how algorithms work and what is technically
accomplished with data, and the societal dimensions are
underrepresented in medical research literature. Including
societal dimensions is important as big data use in health care
faces many organizational, social, financial, and regulatory
challenges [10,11]. Moreover, organizations have to deal with
ethical dilemmas and public outcry [12]. Research on big data
technologies and applications in health care should be studied
not only as a set of techniques for data extraction, analysis, and
reuse, but also as a set of ideas and understandings of its use
[13]. Thus, big data research should include the societal
dimensions [10-13]. While new analytical techniques may hold
significant promise, embedding them sustainably in
organizational routines requires more than technical feasibility.
It also depends upon “sense-making work” in order to enhance
professional acceptability [14]. Similarly, while big data
technologies might be legally acceptable, public concerns
regarding ethical acceptability can create issues [15]. This
protocol therefore outlines an integral research approach that
sets out to understand the underlying patterns connected to the

societal, business, legal, ethical, political, and organizational
change issues surrounding big data applications in health care
[10,11].

Limited research in health care has tried to provide an integrated
analysis of big data pilots in varying organizational and social
contexts. Most papers in this field describe an empirical study
of a small-scale pilot, sometimes showing the results of big data
analysis [16,17]. For instance, information technology (IT)
literature (in health care and beyond) mostly describes promising
applications that are yet to be developed [18,19]. In addition,
most studies have a specific focus. Business administration
literature describes the business value of big data [20] or shows
how it can enhance organizational performance [21,22]. The
literature in philosophy and ethics centers on theoretical
discussions that only occasionally draw on rigorously analyzed
empirical examples [15,23]. Importantly, studies in the field of
health services research focus on legal frameworks and
principles, but often neglect how such frameworks and principles
become embedded in organizational practices [24,25]. Hence,
little is known about how promising big data pilot projects get
integrated in the organizational work practices of care providers
or how they get embedded in the daily routines of health care
professionals and actually improve health care for all the actors
concerned (eg, patients, health care professionals, health care
organizations, IT companies, payers, and the society) [26].

A recent systematic literature review revealed that in order to
advance our understanding of big data value realization, research
should move beyond pilot levels and examine how work
practices, organizational models, and stakeholder interests
interact with big data technology practices [12]. Few studies
provide this integrated analysis of the interaction among the
development of concrete pilots, the organizations in which they
take place, and the health care systems of which they are a part.
Wang et al [27], for instance, developed an integrated
transformation model that seeks to investigate causal
relationships among big data analytics capability, IT-enabled
transformation practices, benefit dimensions, and business
values. The authors sought to understand how big data analytics
capability transforms organizational practices, thereby
generating potential benefits. Cohen et al [28] linked the major
legal, policy, and ethical issues raised by predictive analytics
to the life cycle phases of predictive analytics models.
Heitmueller et al [29] explored questions that policy makers
should consider when developing public policy for big data
usage in health care. Their approach distinguishes the following
three broad categories of barriers: normative barriers (including
cultural and ethical norms), market failures, and technocratic
barriers (related to technological issues and government
processes and regulations). Such studies offer important
advances toward an integrated understanding of big data
technologies and embedding them in organizations and societies.
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In this research protocol, we outline our research approach that
aims to add to the body of knowledge on embedding big data
applications and technologies in organizations and societies.
Applying a mixed-methods approach, our protocol describes
how we plan to conduct a detailed multidisciplinary analysis of
the interactions among concrete big data applications,
organizational routines, and relevant systemic and societal
dimensions. We will study how 12 big data applications
(developed in pilot projects within a European Union–funded
consortium of which we are also a part) strive to become
embedded in (1) the daily routines of health care professionals
and health care organizations; (2) stakeholder networks in health
care organizations with varying infrastructures, policies,
routines, and opportunities; and (3) the broader societal context.
The overall research question is as follows: How do big data
applications and technologies become embedded (or fail to
become embedded) in the daily practice of health care
professionals, in the health care organization, and in the society
at large?

Research Aim and Approach
This protocol describes research that will be conducted within
the context of a broad consortium that is experimenting with
12 big data pilot projects covering the following three themes:
population health and chronic disease management, oncology,
and industrialization of health care services [30]. The research
will aim to understand how big data applications become
embedded in the daily practice of professionals (or fail to do
so), in the health care organization (why or why not), and in the
society at large. To study the interrelations between the
applications to be developed in the pilots and the organizational
and societal contexts in which they are situated, we will use the
Nicolini dual “zooming in-zooming out” approach because
“practices are always immersed in a thick texture of
interconnections” [31]. We will zoom in to allow different
aspects to come to the fore and zoom out to facilitate
investigation of the interrelations among concrete big data
applications, organizational routines, and relevant systemic and
societal dimensions.

To position our work, it is important to note that we will not
only study single pilots and their individual contexts, but also
feed our insights back into the pilots during the course of the
projects. While the idea of transferring gained knowledge in
oral and written forms to a pilot shares affinities with action
research, our approach differs in two aspects. First, action
research traditionally includes multiple feedback loops, which
not only provide feedback on practical problems but also on
any incorporated changes to practice that result from this
feedback [32,33]. In contrast, our study focuses on developing

knowledge and providing feedback to the pilots, but not on the
consequent implementation of this feedback. Second, action
research usually focuses on enabling transformative change
through a simultaneous process of taking action and doing
research, often through a participatory process involving practice
members as coresearchers [33]. Instead, our study gives targeted
feedback to the pilot, without involving coresearchers in the
way action research does. Rather than conducting action
research, our study adopts the approach of “situated
intervention” by Zuiderent-Jerak [34]. This approach argues
that intervention and knowledge production are not opposites,
but can be productively combined. Situated intervention builds
on the idea that the intervention is not just about practice
improvement, but is simultaneously a generative mode of
knowledge production. Thus, through commuting between the
pilot practices, cocreation workshops with the pilot team
members, and theory building beyond the individual pilots, we
aim to both improve practice via actionable insights and produce
new knowledge [35].

We will collect data through a range of carefully aligned studies.
We investigate from various disciplinary perspectives how the
stakeholders in the 12 pilot projects work toward the
performance, embedding, legitimation, and value creation of
their big data applications (these dimensions are described
below). These pilots all concern innovative uses of big data in
health care, but have different purposes and deal with various
illnesses and treatments in several contexts (eight European
countries with different health care systems). To this end, our
study combines methods from many of the social sciences,
including health policy analysis, business administration,
innovation studies, organization studies, ethics, and health
services research. To clarify, this means that our research will
not use the big data collected in the 12 pilot projects, but will
study how these pilot projects work on dimensions of
performance, embedding, legitimation, and value creation.

A multidisciplinary approach is advisable for empirical studies
of big data value realization focusing on several dimensions of
analysis [12,36]. We will synthesize the data and compare
countries to explore similarities and differences in how big data
applications become embedded (or not) nationally. To capture
the interrelations among individual big data applications,
organizational routines, and relevant systemic and societal
dimensions, we have selected “performance,” “value creation,”
“embedding,” and “legitimation” as key theoretical heuristics.
For each of these concepts, we have developed a particular
research question (Table 1). In line with our aim to combine
study practices and provide feedback, we will visualize the
results of each question in easily accessible ways.
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Table 1. Key concepts and visualization.

Research questionMethodsHeuristic

How does the uptake of big data applications affect
health care performance in terms of patient satisfaction,
process outcomes, patient outcomes, and financial out-
comes?

Cocreation workshops to develop KPIsa and biannual performance
measurements

Performance

What underlying mechanisms can explain how big data
applications do or do not become embedded in organi-
zational routines?

Document analysis, semistructured interviews, focus groups, and
follow-up interviews

Embedding

What are the major country-specific facilitators and
barriers for the legal, moral, and societal legitimacy of
big data applications in health care?

Document analysis and semistructured interviewsLegitimation

Which stakeholder group captures which kind(s) of
value from big data applications; through which activi-
ties, partners, and resources is the value generated; and
how can big data applications sustainably be financed?

Cocreation workshops to develop business modelsValue creation

aKPIs: key performance indicators.

Performance fits the multidimensional character of public sector
organizations [37,38]. The notion of multidimensionality is a
central tenet of the distinction between financial and
nonfinancial performance, as well as between processes and
outputs/outcomes [39]. Following this design, we distinguish
patient satisfaction, process outcomes, patient outcomes, and
financial outcomes in an adjusted version of the balanced
scorecard [40]. Patient satisfaction is defined as the perceptions
and experiences of patients with health care delivery and the
results thereof. Process outcomes refer to the activities
undertaken in health care delivery (eg, hospitalization and visits
to the specialist). Patient outcomes are defined as the effects of
care on patients’ health status (eg, mortality rates). Financial
outcomes are the monetary implications for individuals,
organizations, and the society. The associated research question
is as follows: How does the uptake of big data applications
affect health care performance in terms of patient satisfaction,
process outcomes, patient outcomes, and financial outcomes?

The concept of embedding refers to the dynamic processes that
lead the big data applications developed in the pilots to become
integrated (or not) in the daily work practices of health care
professionals, organizations, and societies. Based on insights
from normalization process theory, we focus on the following
four dimensions of embedding: sense-making work (actors’
interpretations of what the application can add to work
processes), relational work (actors’ efforts in building a
community of practice around the application), operational work
(the work of actors involved in establishing new task divisions),
and appraisal work (formal and informal assessments conducted
by actors to assess the value of the application) [14,41]. Through
these four dimensions, we aim to develop insights into the
underlying mechanisms of embedding. The associated research
question is as follows: What underlying mechanisms can explain
how big data applications do or do not become embedded in
organizational routines?

We conceptualize legitimacy as containing legal, societal, and
moral dimensions [42]. The legal dimension refers to whether
the big data application complies with formal legislation and
official regulations. New regulations (or national policies) can
be expected to affect (possibly limit) the opportunities available

to the pilots (eg, the EU General Data Protection Regulation
[GPDR] legislation could have major consequences for pilots
working with international technology development partners).
The legal dimension is less straightforward than it appears, as
regulations are often diverse and might conflict in practice.
Most often legislation trails new technological developments,
creating a large gray area in which the application of a regulation
can be interpreted in various ways [15]. The societal dimension
addresses national policies and the social acceptability of big
data. Since regulation is shaped by and embedded in cultural
and social practices and policies, these constitute another
dimension of legitimacy. The moral dimension focuses on the
ethical discussions about big data in different countries. Informal
societal aspects (eg, societal perspectives on the sharing of
health data, ways in which big data are represented in popular
media, and the ethical framing of the debate) can be expected
to have consequences for the ways big data applications are
developed and legitimized. The associated research question is
as follows: What are the major country-specific facilitators and
barriers for the legal, moral, and societal legitimacy of big data
applications in health care?

The concept of value creation relates to the impact of big data
applications in terms of both benefits (qualitative or quantitative)
and costs for stakeholders (ie, anyone who affects or is affected
by the application) [43]. As different stakeholders in the health
care system have different perspectives on value [44], the
dimensions of value focus on the value needs of the various
stakeholders. Value dimensions are broader in scope and thus
different from performance dimensions. Moreover, each health
care system has its own unique stakeholder network. As such,
stakeholder evaluation and participation in the development
process will have a distinct inward impact on the success of big
data applications in each health care system. We will focus on
the value needs of the following various stakeholders usually
associated with health care systems: patients, health care
organizations and providers, IT companies, vendors, insurers,
and the society. The business modeling process suggested by
Osterwalder et al can be used to capture, understand, and
evaluate the value creation process [45]. Therefore, we will use
a business model framework adapted for big data applications
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in health care to better understand the influence of such
applications on the development and implementation of various
activities within a health care system. The associated research
question is as follows: Which stakeholder group captures which
kind(s) of value from each big data application; through which
activities, partners, and resources is the value generated; and
through which models of cost coverage can big data applications
be sustainably financed in different health care systems?

Methods

Our study base is multidisciplinary to incorporate the many
dimensions of big data applications and their mutual
interrelations [13,30,36]. The design combines qualitative and
quantitative research methods stemming from several social
sciences, including health policy analysis, business
administration, innovation studies, organization studies, ethics,
and health services research [14,15,39,44]. Various researchers
with backgrounds in these fields are collaborating in a team that
is embedded in the bigger European Union–funded consortium.

The performance of big data applications [30] will be monitored
over time with pilot-specific key performance indicators (KPIs).
It is important that the pilot teams develop their own KPIs with
researchers, because these teams possess specific knowledge
required to capture the changes in their performance. The KPIs
should reflect the multidimensionality of performance
underlying this study (patient satisfaction, process outcomes,
patient outcomes, and financial outcomes) [46]. We will
organize workshops for the 12 pilot teams in order to select
KPIs and tailor these to the patient cohort, particular big data
application, and aim of the pilot. KPIs will be included in the
set if the pilot team and our research group consider them
relevant, given the context and availability of reliable data. For
the set of relevant and feasible KPIs, data will be collected
periodically to allow comparison of performance over time.
KPIs are based on various data sources used in the pilots (eg,
administrative hospital data, electronic medical records, and
registries from regional health ministries). For each pilot, there
will be a baseline measurement referring to the period before
implementation of the big data application. Following the
baseline measurement, data will be collected every 6 months
during and after the implementation of the big data application,
unless this timing is not feasible or meaningful for the type of
pilot.

Since prior literature advocates using dashboards to organize
KPIs in a health care setting [eg 47], we will bundle KPIs into
dashboards, with visualization per performance dimension to
provide feedback to the pilot teams. This visualized feedback
will allow both researchers and pilot team members to monitor
performance within and across pilots. The information on the
KPI dashboards will be discussed periodically with pilot teams
to understand performance improvements and obtain insights
into the facilitating or hindering factors. At the end of the study
period, we will perform a comparative analysis across and within
pilots to assess whether or by how much performance has
improved during and after the implementation of the big data
application. Wherever possible and in close collaboration with

the pilots, the comparative analysis will relate to a granular unit
of analysis (eg, individual patient level).

To study embedding, data are needed from various health care
systems, because how rules and regulations are set depends on
different actors in the various health care systems [48]. Relevant
data to study organizational embedding processes include key
contextual documents, such as policy documents from national
government and intermediary bodies. At the organizational
level, we will analyze organizational strategy documents and
conduct semistructured interviews to provide insights into how
the different actors and factors involved in setting the pilot
influence the embedding of the big data applications in
organizational routines. Causal loop diagrams can be used to
identify underlying feedback mechanisms that facilitate or hinder
these embedding processes [48,49]. Causal loop diagrams derive
from a tradition of systems thinking in organizational studies
[50] and social sciences [51].

We will study the embedding of big data applications in the
following three different health care systems: the Dutch
regulated market-based system, Sweden’s decentralized system,
and Austria’s national health service. We will perform
face-to-face semistructured interviews with pilot members, key
organizational actors, and expert informants. The pilot team
members will help to identify the respondents who best
understand their specific big data pilot and context. At the start
of each interview, we will obtain documented consent to record
the interview. All recorded interviews will be transcribed
verbatim. We will also conduct a document analysis. During
the course of the study, pilot team members will collect relevant
documents (eg, minutes, policy documents, and relevant emails).
The interview material and documents will be qualitatively
coded (open, thematic, and axial coding) and analyzed in order
to select the 10 to 20 most important factors for a causal model
[48,49]. Researchers will draw an initial causal model to explain
the hurdles that need to be overcome to structurally embed the
big data application in organizational routines, taking
country-specific contextual elements into consideration. This
initial causal model will be member-checked at a workshop
with the pilot team members. After 6 months, we will conduct
follow-up interviews with the same respondents to gain new
insights into the embedding process. If necessary, we will adapt
the causal models to incorporate new developments. We will
discuss these new developments for member-checking purposes
at the periodic consortium meetings.

Building again on our approach to combine research and
intervention [34], the discussions triggered by the causal models
will serve as a way to transfer our findings back to the pilot
team members, allowing them to use the developed insights in
the underlying patterns and mechanisms that hinder or facilitate
embedding of big data applications. Specifically, pilot teams
could use such insights to improve the embedding process of
their big data application.

Legitimacy includes legal, societal, and moral dimensions.
Previous research by Custers et al [52] identified the following
six themes: (1) awareness and trust, (2) government policies
for personal data protection, (3) applicable laws and regulations,
and (4) their implementation, (5) supervision, and (6)
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enforcement. Rumbold and Pierscionek [53] compared seven
European countries to identify regulatory barriers for restrictions
on using health data for research and included both formal
legislation and informal social/cultural norms and routines as
aspects of informal legitimacy.

We will study the following three aspects of legitimacy: legal
(legislation and regulations), societal (social and cultural norms),
and moral legitimacy (ethical dimensions and informal norms).
Besides conducting document analysis and semistructured expert
interviews, we will perform desktop research to analyze policy
documents, news articles, scientific papers, presentations, and
gray literature for each of the eight countries. We will search
for policy strategies on big data or related terms (artificial
intelligence and digital health), news articles on big data
application in health care, and presentations on the topic given
by domain experts. The documents will be qualitatively coded
(open, thematic, and axial coding) and analyzed in order to
increase our understanding of various country-specific elements,
such as the organization of the national health system, concrete
examples of media discussions or debates about big data, and
specific legislation. We will also conduct 20 semistructured
interviews in person or over Skype (Microsoft Corp) per country
(n=160) with (1) health care professionals and management;
(2) ethical/legal experts; (3) technology/IT developers and data
scientists; (4) patient representatives and prominent actors in
public/societal debate; and (5) policy makers and other experts.
To identify relevant experts in each country, we will build on
the knowledge and relationships of the consortium partners,
who have an expert network in their country. Other respondents
will be identified via document analysis and the snowballing
method. At the start of each interview, we will obtain
documented consent to record the interview. The topic list will
be informed by document analysis and core theoretical concepts
from the report by Custers et al [52]. The transcripts of the
interviews will be qualitatively coded (open, thematic, and axial
coding) and analyzed to develop a detailed understanding of
the three dimensions of legitimacy for health-related big data
in each country [54].

We will share the results of our aggregated analysis with pilot
partners using infographics to visualize the core dimensions of
legitimacy for each country, producing insights into the national
facilitators and barriers for the uptake of big data applications.
Building on our approach to combine research and intervention,
the infographics can also be used by pilot partners to support
their implementation activities.

We will study value creation through cocreation workshops
with pilot team members. At these workshops, the researchers
will guide team members in developing a business model canvas
to gain an understanding of how their big data applications can
be made financially sustainable beyond the pilot stage [55]. The
business model canvas enables identification of key activities,
key resources, required partners, investment and operational
costs, (economic) outcomes, and main beneficiaries, as well as
the added value of big data for each pilot [56]. The business
model canvas will be discussed and refined at periodic meetings.
We will collect observational data about the process of business
model development, as well as the various versions of the
business models as design artifacts. We will analyze the

designed business model canvases across the pilots to understand
how big data applications impact value creation for various
stakeholders across countries and diseases. We will compare
business model canvases across the pilots to identify a limited
number of business model types for sustainable value creation
based on big data applications in health care. The aim is to
understand the business prospects of big data in the various
national health care systems and under which conditions the
business model could be sustainable and add value for patients,
providers, payers, and the society.

Results

The study was funded in August 2017. Data collection started
in April 2018 and will continue until September 2021. This
combined research approach is likely to lead to the following
expected results. First, a set of pilot-specific KPIs and
corresponding dashboards to monitor progress. Second, three
causal loop diagrams that visualize the underlying patterns and
mechanisms that hinder or facilitate embedding of big data
applications into broader organizational routines. Third,
infographics to visualize the core dimensions of legitimacy for
each country, producing insights into the national facilitators
and barriers for the uptake of big data applications. Fourth,
business model canvases per project to provide insights of value
creation.

All our anonymized data will be stored in a secure online
environment (BlackBerry Workspace) available to researchers
and pilot team leaders only. The study has been approved by
the ethics board of Erasmus Medical Center (MEC-2018-056)
and the ethics review board of Erasmus University (EA18-01).
The review board of Erasmus University checked if we are
GDPR compliant. Written informed consent for all participants
(including respondents of the interviews, and focus group and
workshop participants) will be obtained, and member checks
for all interviews will be applied.

Discussion

Need for an Integrated Sociotechnical Approach
To evaluate whether big data applications can be embedded in
health care systems and provide value for patients, providers,
payers, and the society, we need an integrated sociotechnical
approach that considers not only concrete experiments but also
organizational routines, as well as systemic and societal
dimensions. Only then will we be able to develop crucial insights
into the interdependencies among big data projects,
organizations, and systems required to support providers and
payers in their investment decisions and policymakers in shaping
their policy goals, ethical questions, and regulations for big
data.

Limitations
Our study is focused on the context of the uptake of big data,
concentrating on embedding big data applications and
technologies in organizations and societies. However, one could
question if health care is already in the embedding phase or still
in the phase of understanding how and when to use big data
applications, especially by small pilots [57].
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Dissemination of Findings
Our work will be disseminated at conferences and workshops,
and published in professional (trade) journals, on electronic
media, and in a series of research articles in peer-reviewed
journals. We will arrange a series of workshops, inviting

stakeholders from the various pilot projects and experts to
discuss the contents and the implications of our findings.
Dissemination will focus on developing graphic visualizations,
as these help to reduce complexity and capture the relations
between the dimensions. We will use dashboards to visualize
performance over time as measured by jointly developed KPIs.
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Abstract

Background: Actions to improve healthy aging and delay morbidity are crucial, given the global aging population. We believe
that biological age estimation can help promote the health of the general population. Biological age reflects the heterogeneity in
functional status and vulnerability to disease that chronological age cannot. Thus, biological age assessment is a tool that provides
an intuitively meaningful outcome for the general population, and as such, facilitates our understanding of the extent to which
lifestyle can increase health span.

Objective: This interdisciplinary study intends to develop a biological age model and explore its usefulness.

Methods: The model development comprised three consecutive phases: (1) conducting a cross-sectional study to gather candidate
biomarkers from 100 individuals representing normal healthy aging people (the derivation cohort); (2) estimating the biological
age using principal component analysis; and (3) testing the clinical use of the model in a validation cohort of overweight adults
attending a lifestyle intervention course.

Results: We completed the data collection and analysis of the cross-sectional study, and the initial results of the principal
component analysis are ready. Interpretation and refinement of the model is ongoing. Recruitment to the validation cohort is
forthcoming. We expect the results to be published by December 2021.

Conclusions: We expect the biological age model to be a useful indicator of disease risk and metabolic risk, and further research
should focus on validating the model on a larger scale.

Trial Registration: ClinicalTrials.gov NCT03680768, https://clinicaltrials.gov/ct2/show/NCT03680768 (Phase 1 study);
NCT04279366 https://clinicaltrials.gov/ct2/show/NCT04279366 (Phase 3 study).

International Registered Report Identifier (IRRID): DERR1-10.2196/19209

(JMIR Res Protoc 2020;9(10):e19209)   doi:10.2196/19209
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Introduction

Healthy aging is of paramount importance when considering
the trajectory of future aging populations [1,2]. Healthy aging
refers to a healthy aging phenotype constituting a course of
aging with high autonomy, no major chronic diseases, high
quality of life, and an extended health span [3,4]. Following a
healthy lifestyle earlier in life (eg, consuming alcohol
moderately, not smoking, maintaining a healthy diet, and
conducting regular physical activity) improves the chances of
healthy aging [5,6]. Unfortunately, the steady increase in the
prevalence of overweight and obesity in parallel with insufficient
physical activity threatens healthy aging and emphasizes the
need for effective health promotion of the general population
[7-9].

Development of health literacy is a key element to promote a
healthy lifestyle in the general population [10]. Applying various
forms of health screenings, such as health risk assessment and
health checks, is one way to track health status and thereby
enable people to make qualified health decisions before diseases
are manifested or progress. However, while knowledge is an
important factor, it may not, by itself, motivate a change in
lifestyle behavior. Health screenings often include measurements
of well-established risk factors such as blood cholesterol, fasting
blood glucose, and waist circumference. Although some people
can understand the risk connected with these risk factors, they
may be unaware of the extent to which their lifestyle affects
their capability of maintaining youthful vigor and delaying
morbidity to an older age. Such awareness might be pivotal and
motivate changes in health behavior. Biological age plays a key
role in this respect. We suggest that being “older” than stated
on one’s birth certificate readily translates into disease and
mortality risks, and is thus effective as health literacy to improve
people’s lifestyles. In addition, we propose that biological age
can be used as an outcome measure to quantify the overall
placement of an individual on the healthy aging trajectory and
their susceptibility to disease, which are useful in the context
of primary and secondary health promotion interventions.

Unlike chronological age, biological age assesses the
heterogeneity in functional metabolic status and vulnerability
to disease. The increase in chronological age is uniform, whereas
biological age can increase more rapidly for some and slower
for others. This is due to nonmodifiable factors, such as genetics,
and modifiable factors, such as lifestyle (smoking, diet, physical
activity, etc) [11,12]. Biological age has been studied since the
1960s [13,14]. Much research has been directed toward finding
the best biomarkers of aging [15,16] as well as the optimal
method to estimate biological age [17,18]. Studies have shown
that biological age can predict mortality better than
chronological age and incidence of age-related diseases such
as cardiovascular disease (CVD) and type 2 diabetes mellitus
(T2DM) [18,19]. These results were obtained from large
cross-sectional data and were derived statistically. Moreover,
these studies rarely investigated the clinical use of the model
in health promotion interventions.

This study aims to develop a biological age model that can
distinguish between healthy and unhealthy aging among

individuals with the same chronological age and sex, and
investigate its clinical applicability. We apply acknowledged
mathematical methodology to estimate biological age; use a
combination of commonly used biological age modelling
biomarkers that are minimally invasive, represent healthy aging
[20], and denote the processes that change with age [15]; and
explore their usefulness.

Methods

Overview
When developing a biological age model, it is optimal to
combine knowledge of integrative physiology and health
technology. Thus, our approach is interdisciplinary and involves
expertise in human physiology, healthy aging, prediction
modeling, and human data science.

This study protocol comprises three consecutive phases: (1)
conducting a cross-sectional study to gather indicators from
100 individuals representing normal healthy aging (the
derivation cohort); (2) defining a novel biological age model
and estimating biological age using principal component
analysis; and (3) investigating the clinical use of the model in
a validation cohort of overweight adults attending a lifestyle
intervention course.

Phase 1: Derivation Cohort

Study Design
We recruited 100 healthy individuals equally distributed in sex
and evenly spread out within the age range of 18-65 years. It is
difficult to distinguish normal aging from pathological aging
because physiological and functional decrements (or
pathological changes) at the outset of a disease occurs as part
of the normal aging process. Considering this, we excluded
individuals with a history of previous or current CVD, and using
medicine to reduce blood pressure, cholesterol, or glucose levels.
Pregnancy is marked by physiological dynamics and is very
different from the nonpregnant state (eg, the blood volume
increases in the former) [21]. Thus, pregnant women or women
who breastfeed were excluded from participation. In addition,
people with conditions that would prevent them from enduring
the cycle exercise and strength tests (eg, knee osteoarthritis)
were also excluded. The study was approved by the Regional
Ethics Committee, Copenhagen, Denmark (H-18031350) and
was performed in accordance with the Helsinki Declaration.
The study was recorded as a clinical trial (NCT03680768).

Candidate Biological Age Model Biomarkers
Eligible women and men arrived at the laboratory for a 2-hour
examination after fasting overnight and abstaining from vigorous
exercise in the prior 24 hours. The examination involved
measuring 50 parameters to assess the health of the participants
and collecting candidate biomarkers for the biological age
model. Thus, the examination included measures of
anthropometrics, physiological and metabolic health, and
physical capacity as well as answering quality of life and daily
physical activity questionnaires.

When selecting candidate biomarkers for the biological age
model, we focused on variables that (1) characterize features
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of the healthy aging phenotype [20], (2) are associated with
aging and age-related diseases, (3) are affected by lifestyle, and
(4) are possible to obtain in a variety of settings (ie, that are not
limited to use in a research setting).

Due to the mathematical approach used to estimate biological
age, binary/discrete variables (eg, quality of life and education
level) were not considered for the biological age model although
we recognize that some of these variables are important for

assessing social and mental wellbeing in the healthy aging
phenotype [3].

In total, 32 variables were selected as candidate biomarkers and
categorized in the following 6 domains: (1) body composition,
(2) metabolic health, (3) cell blood count, (4) cardiorespiratory
function, (5) physical capacity, and (6) immune function (Figure
1).

Figure 1. Candidate biomarkers proposed for the BA model. Each square represents 1 of the 6 following domains: (1) Body composition, (2) metabolic
health, (3) cell blood count, (4) cardiorespiratory function, (5) physical capacity, and (6) immune function. The candidate biomarkers for the BA model
are listed within each domain. AGE: advanced glycation end products; CHOL: Total cholesterol; CHOL/HDL: HDL to CHOL ratio; DBP: Diastolic
blood pressure; FEV1: Forced expiratory volume within 1 second; FEV1/FVC: FEV1-FVC ratio; FFA: Free fatty acids; FVC: Forced vital capacity;
HbA1c: Glycated hemoglobin; HC: Hip circumference; HDL: High-density lipoprotein; hsCRP: High-sensitive C-reactive protein; LDL: Low-density
lipoprotein; SBP: Systolic blood pressure; TG: Triglycerides; suPAR: soluble urokinase Plasminogen Activator Receptor; VO2max: Maximal oxygen
uptake; WC: Waist circumference; W/H: waist to hip ratio.

Relevance of Domains
In this section, we outline the variables included as possible
biomarkers for the biological age model. We describe the
variables and explain their relevance in a model that assesses
healthy aging.

Body Composition
Aging is associated with loss of muscle mass and strength
(sarcopenia) and an increase in fat mass and central adiposity.
Muscle mass has been reported to begin showing a negative
association with age as early as 27 years [22], with the decline
in strength exceeding that in muscle mass [23]. This
characteristic is related to loss in muscle quality, gradual muscle
denervation, loss of type 2 muscle fibers, reduced muscle
capillary density, reduced oxidative capacity, and fat infiltration
[24,25].

Excess fat mass, and especially fat distribution, are important
risk factors for the development of CVD and T2DM. Waist
circumference and hip to waist ratio are used as surrogate
measures for central adiposity and visceral adipose tissue
[26,27].

Metabolic Health
Aging and unhealthy lifestyle are associated with reduced
glucose homeostasis [28]. Fasting blood glucose concentration,
HbA1c, and insulin sensitivity are markers of glucose
homeostasis and are associated with incidence of CVD, T2DM,
and mortality [20]. The prevalence of metabolic syndrome (a
cluster of risk factors for T2DM and CVD) increases with age
[29,30]. According to the International Diabetes Federation, the
risk factors of metabolic syndrome are central obesity and any
two of the following: raised triglyceride concentrations, reduced
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high-density lipoprotein concentrations, raised blood pressure,
and raised fasting plasma glucose concentration [31]. The
increase in metabolic syndrome prevalence observed with aging
is associated with the age-related redistribution of fat,
particularly increased central adiposity. Low levels of
adiponectin are induced by visceral fat accumulation, recognized
as a risk factor for CVD and T2DM, and associated in an inverse
correlation with insulin resistance [32,33]. Leptin regulates the
appetite, and high levels of leptin induced by subcutaneous fat
accumulation may indicate decreased leptin sensitivity in obese
individuals [34]. Finally, high levels of free fatty acids
associated with obesity contribute to the development of
peripheral insulin resistance [35].

Advanced glycation end products (AGEs) are a result of the
nonenzymatic reactions between sugars and amino groups such
as proteins and lipids [36]. As some AGEs have typical
fluorescence bands [37], skin autofluorescence can be used as
a robust noninvasive biomarker of AGE accumulation in tissues
[38]. AGEs accumulate with age in healthy individuals and have
been observed to accumulate faster in people with diabetes and
inflammatory diseases [39]. AGEs can predict the severity of
complications in diabetes [40]. The inclusion of skin
autofluorescence in the Finnish Diabetes Risk Score improved
the ability to detect undiagnosed diabetes and reclassify people
in the intermediate risk category [41].

Cell Blood Count
A decrease in blood hemoglobin with age and anemia in older
people is associated with functional and cognitive impairment
as well as mortality [42,43]. In addition, studies on biological
age modelling often include hemoglobin and hematocrit as
biomarkers of aging due to their correlation with age [18,44].
Therefore, we included hemoglobin and hematocrit as candidate
variables for the biological age model despite the notion that
anemia is not a physiological finding related to aging per se but
is associated with nutrient-related iron deficiency or unexplained
anemia [45].

Cardiorespiratory Function
Blood pressure is a biomarker of cardiovascular (CV) function
and is one of the most important modifiable risk factors that
strongly predicts CV morbidity and mortality [46]. High blood
pressure is a common medical condition, and its prevalence
increases with age [47]. As excess fat mass represents the major
factor predisposing high blood pressure, lifestyle interventions
targeting obesity (and smoking) are highly relevant [48]. Forced
expiratory volume in 1 second (FEV1), forced vital capacity
(FVC), and the FEV1-FVC ratio are biomarkers of dynamic
lung function [49]. FEV1 declines in a nonlinear manner with
age, with the estimated decline of 25-30 mL/year starting at the
age of 35-40 years and increasing up to 60 mL/year after the
age of 70 years; however, the interindividual variability can be
considerable [49].

Physical Capacity
A main indicator of physical activity and cardiorespiratory
fitness is maximal oxygen uptake (VO2max). Functional
independence is dependent on VO2max [50], and its association

with mortality and morbidity of noncommunicable diseases is
well established [5]. Aging is associated with a decline in
VO2max (about 6.2%/decade) [51], primarily due to a reduction
in maximal cardiac output and, secondly, due to a reduced
oxygen extraction capacity at the muscle level (maximal
arteriovenous oxygen difference) [52,53]. Importantly, the
decline in VO2max is decelerated in trained compared to
sedentary subjects [54]. Finally, physical inactivity accelerates
secondary aging by reduction in VO2max, skeletal muscle
strength, and bone mineral density [55]. A Norwegian study
found that sedentary time increased by 4.4 and 3.2 min/day for
women and men, respectively from the age of 65 years,
concomitant with a decrease in both low and moderate to
vigorous physical activity [56]. Handgrip strength is a robust
measure of overall strength, which correlates with mortality
and declines in a linear manner with age (0.34 and 0.65 kg/year
for women and men, respectively) [57,58]. Knee extension and
elbow flexion are associated with functional independence and
health. They are important for daily activities and have been
used in previous epidemiological health investigations [59,60].
The sit to stand test is part of the “Short Physical Performance
Battery” [61], which assesses lower extremity function and
predicts disability in older age [59,62].

Immune Function
Adipose tissue is an endocrine organ and a major regulator of
inflammation [63]. Excess adipose tissue is an important
contributor to the elevated C-reactive protein (CRP)
concentrations observed in obese people [64] and is related to
the production of interleukin 6 (IL-6) and its stimulation of
hepatic CRP production [65]. Chronically elevated levels of
pro-inflammatory markers such as IL-6 and tumor necrosis
factor-α are also key features of the aging phenotype defined
as “inflammaging” [66]. Chronic low-grade inflammation (LGI)
is thought to be part of the T2DM [67], CVD [68], cancer [69],
and Alzheimer disease [70] pathophysiologies. CRP is
considered a gold standard biomarker of low-grade inflammation
and chronic inflammation. Recently, soluble urokinase
plasminogen activator receptor (suPAR) was proposed as a
biomarker of inflammation and was shown to predict T2DM,
CVD, and cancer independently of CRP [71]. Plasma suPAR
concentration increases with aging and unhealthy lifestyles (eg,
unhealthy dieting and smoking) [71,72].

Measurements and Procedure
The examination was conducted in the order described below.
Arterial blood pressure was measured in triplicate in the supine
position using an automatic monitor (BoSo Medicus Control,
BOSCH + SOHN GmbH). Venous blood samples were obtained
for measuring concentrations of total cholesterol, high- and
low-density lipoproteins, triglycerides, glucose, insulin,
adiponectin, glycated hemoglobin (HbA1c), hematocrit,
hemoglobin, CRP, and suPAR. Body composition was assessed
by dual-energy X-ray absorptiometry scanning and visceral fat
measurements using the CoreScan software (Lunar Prodigy
Advanced, Lunar). Body composition was also assessed by
bio-impedance (MC-780MA, Tanita Corporation of America
Inc), which is commonly used in clinical settings. Measures of
waist and hip circumference were collected. A high-quality
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portrait picture was taken for a subanalysis on perceived age.
Skin autofluorescence was measured by an AGE Reader
(DiagnOptics BV). Lung function was assessed in terms of
FEV1 and FVC (Vyntus SPIRO spirometer, Vyaire Medical).
We tested three isometric strength measures. The first test
involved measuring knee extension strength. The participant
was made to sit on a table. The test was performed with one
leg, with the knee in 90° flexion serving as the starting position
while the thigh was stabilized against the table with a standard
gait belt so that it could not be lifted during the test. A
standardized belt stabilization configuration was used to position
the dynamometer (microFET2, Hoggan Health Industries)
against the back of the table leg using a flat attachment. This
method has been validated against the “gold standard” isokinetic
dynamometer [73]. The second test involved measuring handgrip
strength. Keeping the arm by the side, the participant was asked
to squeeze a handgrip dynamometer (Takei Digital Hand Grip
Dynamometer, Takei Scientific Instruments Co, Ltd). The third
test measured bicep strength. The participants were asked to
keep both arms by the side and flex both elbows by 90° using
a Takei TKK 5402 Digital Back Strength Dynamometer (Takei
Scientific Instruments Co, Ltd, Tokyo). Participants performed
a minimum of 3 test trials and continued until no increase in
strength occurred. A graded exercise test (Quark PFT Ergo,
Cosmed) was conducted to determine VO2max with an
electromagnetically braked cycle ergometer (Lode Excalibur,
Groeningen). The exercise protocol consisted of 5 minutes of
warm-up time at 50 and 100 W for females and males,
respectively, followed by a 25 W increase in load every minute
until voluntary exhaustion. Finally, the participants filled out
the quality of life (SF-12v2 Health Survey) and Physical Activity
Score (PAS 2.1) questionnaires [74], and their education level
and smoking habits were recorded.

Phase 2: BA Estimation

Mathematical Approach
The three most common approaches to estimate biological age
are (1) multiple linear regression (MLR) [14,75-78]; (2)
principal component analysis (PCA) [19,44,79-82]; and (3)
Klemera and Doubals’ method (KDM) [83,84]. Each method
has its own benefits and limitations and has been compared
substantially in the literature [17,18,85]. The MLR method is
considered the basic approach to estimate biological age but is
criticized for over- and underestimating biological age at each
end of the age spectrum and the risk of biomarker
multicollinearity. The PCA method derives from MLR but uses
the first principal component from the PCA to form the
biological age equation. This reduces the over- and
underestimation observed in the MLR method and resolves the
risk of multicollinearity [79]. In comparison with the MLR and
PCA approaches, the KDM is a comprehensive mathematical
approach. The biological age estimation is based on minimizing
the distance between m regression lines and m biomarker points
within an m-dimensional space of all included biomarkers [83].
Although the biological age estimated by the KDM has been
shown to predict mortality better than that estimated by MLR
and PCA [18], the majority of the studies on biological age
models using minimally invasive biomarkers (essential for the

use of a biological age model in health promotion) have been
conducted using PCA [86]. Therefore, we will use PCA in our
model development. Doing so will also allow a wider
comparison of our results against more data and the findings of
prior studies that had applied this approach to their models, thus
facilitating an evaluation of the external validity of our model.

PCA was originally proposed by Nakamura et al [79] to select
the fewest possible physiological variables to estimate biological
age. Biological age construction when applying PCA includes
(1) selection of the variables using correlation analysis,
redundancy assessment, and loss of informative value caused
by internal consistency among the variables; (2) use of PCA to
obtain the principal components; (3) application of the first
principal component to develop the normalized biological age
score; and (4) transformation of the normalized biological age
score into biological age expressed in years so that it is
comparable with the chronological age [79,86]. The
mathematical and statistical analysis will be completed using
SAS Enterprise Guide 7.1 and MATLAB R2018b.

Phase 3: Validation Cohort

Study Design
We intend to recruit overweight and obese subjects as obesity
increases the risk of age-related diseases early in life. Thus,
individuals with obesity are expected to deviate from the
pathway of a healthy aging phenotype, resulting in a higher
biological age compared to chronological age. Recruitment for
the study will commence at a Danish folk high school
conducting lifestyle interventions. We seek to recruit 80
overweight or obese adults (≥18 years) attending a 15-week
lifestyle intervention course. Pregnancy, history of CVD, and
using β-blockers are the exclusion criteria for participation in
the study. The aim of the lifestyle intervention is an 8%-10%
weight loss. Initial moderate weight loss induces improvements
in most CV risk factors [87,88]. Therefore, this setting will
allow us to explore the clinical relevance of the biological age
model in assessing healthy aging. The intensive lifestyle
intervention includes key features to achieve healthy aging and
compress morbidity. Daily activities from 7 AM to 4 PM include
supervised training (1-3 hour/day), class-based theoretical
teaching focusing on changes to healthy behavior, and individual
cognitive therapy. Participants are served healthy hypocaloric
diets, individually prepared in accordance to an energy balance

required for a normal BMI of 25 kg/m2. For more information
on the intensive lifestyle intervention, refer to the work of
Dandanell et al [89].

Measurements and Procedure
The results from the PCA will determine the measures to be
included in the protocol. The procedure will be similar to the
one described in the Phase 1 study, with the exception that we
will use the short version (4 generic items) of the International
Physical Activity Questionnaire and a modified exercise protocol
to assess VO2max. To ensure that the exercise protocol elicits a
valid VO2max, warm up will be performed at 30 and 50 W for
women and men, respectively, and thereafter increased by 20
and 25 W every minute until exhaustion for women and men,
respectively. Biological age will be estimated at the beginning
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and end of the course based on the results of the PCA. In
addition, we will estimate the metabolic syndrome and
Framingham risk score in the validation cohort [90,91]. Doing
so will allow us to evaluate the response variation in biological
age after an expected moderate weight loss and improved
aerobic capacity, and we will compare these results with the
changes observed in the existing validated health metrics used
in health promotion and disease prevention (Framingham risk
score and metabolic syndrome) [92,93]. Furthermore, we will
(1) compare the biological age results in the healthy study
population (the derivation cohort) with the overweight study

population (the validation cohort) and (2) evaluate our biological
age model against existing models to assess the feasibility of
the former for health promotion.

Results

Phase 1
The derivation cohort consists of 51 women and 49 men. The
distributions of their demographic and clinical characteristics
are presented in Tables 1 and 2.

Table 1. Characteristics of study participants in the derivation cohort.

Men (n=49)Women (n=51)Variables

Age groups (years), n (%)

6 (12.2)7 (13.7)18-23

6 (12.2)7 (13.7)24-29

7 (14.3)6 (11.7)30-35

6 (12.2)6 (11.8)36-41

6 (12.2)6 (11.8)42-47

6 (12.2)6 (11.8)48-53

6 (12.2)7 (13.7)54-59

6 (12.2)6 (11.8)60-65

BMI (kg/m2), n (%)

27 (55.1)33 (64.7)<25

21 (42.9)13 (25.5)≥25

1 (2.0)5 (9.8)≥30

33.4 (3.1)32.3 (3.2)HbA1c
a (mmol/mol), mean (SD)

79.1 (5.3)79.4 (6.0)Lung function - FEV1/FVC (%), mean (SD)

Physical activityb (min/week), n (%)

46 (93.9)41 (80.4)≥150

3 (6.1)10 (19.6)<150

Educationc (years), n (%)

3 (7.5)0 (0.0)<10d

29 (72.5)32 (69.6)10-12e

8 (20)14 (30.4)≥13f

Smoking status, n (%)

3 (6.1)3 (5.9)Yes

46 (93.9)48 (94.1)No

aHbA1c: Hemoglobin A1c.
bLeisure-time spent on moderate (5 metabolic equivalents) and vigorous (6 metabolic equivalents) physical activity.
cLevel of education was reported by 86.0% (86/100) of the total study population (46/100, 46.0% women; 40/100, 40.0% men).
dLower secondary education.
eUpper secondary education.
fFirst- and second-stage tertiary education.
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Table 2. Maximal oxygen consumption of study participants in the derivation cohort.

VO2max
a (mL/min/kg), mean (SD)Age group (years)

Men (n=49)Women (n=51)

45.2 (4.0)36.9 (7.3)18-23

44.8 (7.8)37.4 (2.5)24-29

47.9 (7.8)37.7 (5.6)30-35

43.2 (7.7)36.0 (7.8)36-41

47.1 (6.5)39.7 (7.4)42-47

42.7 (6.0)29.8 (4.7)48-53

39.7 (9.8)30.1 (3.9)54-59

40.1 (4.1)31.8 (4.6)60-65

aVO2max: Maximal oxygen consumption.

The majority of the participants reported having an upper
secondary education (eg, high school diploma; women: 32/46,
69.6%; men: 29/40, 72.5%). Very few within the cohort (6/100,
6% in total) smoked. Cardiorespiratory fitness (VO2max) was
moderate to high in women and men throughout the age range,
the majority (women, 41/51, 80.4%; men, 46/49, 93.9%)
adhering to the national recommendations of a minimum of 150
min/week of moderate to vigorous physical activity [94]. No
indications of decreased lung function or T2DM were found.

Although free from diseases, we found variations in metabolic
health when assessing the cohort in terms of metabolic
syndrome. Metabolic syndrome was present in 3 women and 2
men. The distribution of risk factors related to metabolic
syndrome are visualized in Figure 2. We used the definition
provided by the International Diabetes Federation to assess
metabolic syndrome [31].

Figure 2. Health profile in relation to metabolic syndrome variables. The triangles represent women, and the circles represent men. Three women
(yellow, orange, and purple triangles) and two men (red and blue circles) fulfilled the criteria for metabolic syndrome. The solid lines represent the
mean (SD) for each group. The dashed lines represent the cut-off criteria (values mentioned in the brackets that follow) for each variable in accordance
with the definition provided by the International Diabetes Federation. A: Waist circumference in females (≥80 cm) and males (≥94 cm); B: Systolic
blood pressure (≥130 mm Hg); C: Diastolic blood pressure (≥85 mm Hg); D: Fasting plasma glucose (≥5.6 mmol/L); E: High-density lipoprotein (HDL)
for females ( 1.29 mmol/L) and males ( 1.03 mmol/L); F: Triglycerides (≥1.7 mmol/L).
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Phase 2
Correlation analysis and principal component analysis have
been performed. Interpretation of the model, including
sensitivity analysis, internal consistency reliability, and model
refinement, will follow.

Phase 3
This study has been approved by the Local Research Ethics
Committee, Copenhagen, Denmark (H-19073643; Clinical Trial
Number NCT04279366). We have established collaboration
with the staff at the folk high school and recruitment for
participation is forthcoming.

Discussion

Findings
The primary objective of this pilot study was to develop a
biological age model that could be applied for health promotion
of the general adult population, given its ability to distinguish
healthy and unhealthy aging trajectories among individuals with
the same chronological age and sex. Within this objective lies
the practical limitation of including as few and minimally
invasive biomarkers in the model as possible despite the
complexity of aging. Therefore, to develop a reliable biological
age model, it is essential to select biomarkers that accurately
show significant change with age, reflect the aging status
independent of disease, have high reproducibility, cover essential
areas of human function, and are appropriate for in vivo studies
of humans [15,79,95]. A limitation of this study is that this
biological age model is designed to assess a healthy aging
trajectory only on a physical level; the assessment of the
cognitive aspects of maintaining functional independence for
a socially active life, an important part of the healthy aging
phenotype, are not included herein [4]. Another limitation is
that while the biomarkers included in the proposed biological
age model align with the phenotypic biomarkers of aging (eg,
clinical measures such as grip strength and glucose

concentration), the model overlooks the molecular-based
biomarkers of aging (ie, DNA-related markers). Short telomere
length is associated with risk of CVD, age-related decline in
physical function, and mortality [96]. Furthermore, DNA
methylation, a biomarker for biological age (DNAm age, also
referred to as the “epigenetic clock”), predicts all-cause mortality
independent of the classic risk factors (age, body mass index,
smoking, etc) as well as frailty, self-related health, and
chronological age [96]. While such models seem promising,
the lack of feasibility regarding use in community-based
interventions is the main reason for not including these
biomarkers in our biological age model. We do, however, plan
to validate the biological age model against telomere length at
a later time, when data from the derivation cohort become
available. Our secondary objective involves investigating the
usefulness of the model. Validating the model against mortality
and morbidity is preferable but beyond the scope of this study.
Instead, we plan to validate the clinical use of the model in
Phase 3 by comparing the change in biological age against that
in already validated prediction metrics commonly used in health
promotion (eg, the Framingham risk score and metabolic
syndrome) in relation to a lifestyle intervention. As the
validation cohort is not randomly assigned from the general
population, there is a risk that it might represent a selected group
whose physiological state is independent of behavioral factors
(eg, diet and physical activity) and biased by genetics.
Regardless, the change in biological age after an intensive
lifestyle intervention can provide initial evidence about the
potential of the biological age model for health promoting
interventions.

Conclusions
We expect to find that the biological age model is a useful
indicator of the risk of metabolic dysfunction and disease. Given
future challenges, our expectation calls for further optimization
of the model (eg, extending the sample size of the derivation
cohort) and validation (by including hard endpoints such as
mortality and morbidity).
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CV: cardiovascular
CVD: cardiovascular disease
CRP: C-reactive protein
FEV1: forced expiratory volume in 1 second
FVC: forced vital capacity
HbA1c: glycated hemoglobin
IL-6: interleukin 6
KDM: Klemera and Doubals’ method
MLR: multiple linear regression
PAS: physical activity score
PCA: principal component analysis
suPAR: soluble urokinase Plasminogen Activator Receptor
T2DM: type 2 diabetes mellitus
VO2max: maximal oxygen uptake
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Abstract

Background: India has the largest burden of drug-resistant organisms compared with other countries around the world, including
multiresistant and extremely drug-resistant tuberculosis and resistant Gram-negative and Gram-positive bacteria. Antibiotic
resistant bacteria are found in all living hosts and in the environment and move between hosts and ecosystems. An intricate
interplay of infections, exposure to antibiotics, and disinfectants at individual and community levels among humans, animals,
birds, and fishes triggers evolution and spread of resistance. The One Health framework proposes addressing antibiotic resistance
as a complex multidisciplinary problem. However, the evidence base in the Indian context is limited.

Objective: This multisectoral, trans-species surveillance project aims to document the infection and resistance patterns of 7
resistant-priority bacteria and the risk factors for resistance following the One Health framework and geospatial epidemiology.

Methods: This hospital- and community-based surveillance adopts a cross-sectional design with mixed methodology (quantitative,
qualitative, and spatial) data collection. This study is being conducted at 6 microbiology laboratories and communities in Khurda
district, Odisha, India. The laboratory surveillance collects data on bacteria isolates from different hosts and their resistance
patterns. The hosts for infection surveillance include humans, animals (livestock, food chain, and pet animals), birds (poultry),
and freshwater fishes (not crustaceans). For eligible patients, animals, birds and fishes, detailed data from their households or
farms on health care seeking (for animals, birds and fishes, the illness, and care seeking of the caretakers), antibiotic use, disinfection
practices, and neighborhood exposure to infection risks will be collected. Antibiotic prescription and use patterns at hospitals and
clinics, and therapeutic and nontherapeutic antibiotic and disinfectant use in farms will also be collected. Interviews with key
informants from animal breeding, agriculture, and food processing will explore the perceptions, attitudes, and practices related
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to antibiotic use. The data analysis will follow quantitative (descriptive and analytical), qualitative, and geospatial epidemiology
principles.

Results: The study was funded in May 2019 and approved by Institute Ethics Committees in March 2019. The data collection
started in September 2019 and shall continue till March 2021. As of June 2020, data for 56 humans, 30 animals and birds, and
fishes from 10 ponds have been collected. Data analysis is yet to be done.

Conclusions: This study will inform about the bacterial infection and resistance epidemiology among different hosts, the risk
factors for infection, and resistance transmission. In addition, it will identify the potential triggers and levers for further exploration
and action.

International Registered Report Identifier (IRRID): DERR1-10.2196/23241

(JMIR Res Protoc 2020;9(10):e23241)   doi:10.2196/23241
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bacterial infection; antibiotics resistance; sentinel surveillance; drug prescriptions; One Health; India

Introduction

The last century has witnessed a significant reduction in
infectious disease mortality and morbidity with the use of
antimicrobials. Antimicrobial resistance (AMR), especially
antibiotic resistance (ABR), poses a major threat to clinical
medicine and public health. The development of new
antimicrobials and antibiotics is becoming increasingly difficult
and is unable to match the pace of emergence of resistance. It
is estimated that AMR-attributable deaths shall rise from
700,000 in 2014 to 10 million by 2050, with US $100 trillion
lost output [1]. India is the top contributor toward global
morbidity and mortality. India also carries the largest burden
of drug-resistant organisms worldwide, including multiresistant
and extremely drug-resistant mycobacteria and resistant
Gram-negative and Gram-positive bacteria. In India,
approximately 60,000 newborns die from resistant bacterial
infections [2]. It is projected that over 2 million Indians will die
because of AMR by 2050 [3]. Infection with methicillin-resistant
Staphylococcus aureus (MRSA) and methicillin-sensitive S
aureus (MSSA) increased the risk of death by 5.6 times and 2.7
times, respectively [4]. The attributable risk of death with MRSA
was double that of MSSA by 90 days [4]. Infection with resistant
Escherichia coli and S aureus increased mortality risk by 1.8
to 2.5 times at 30 days [5]. Antimicrobial usage has enhanced
animal and fish production globally, paralleling the demand.
AMR is a major threat to food safety, food security, and
socioeconomics of millions of farming communities.

Resistant bacteria are found in humans, animals, birds, aquatics,
plants, and the environment (water, soil, and air), and they move
between hosts and ecosystems [6]. In India, >70% of
Acinetobacter baumannii, E coli, and Klebsiella pneumoniae
and >50% of Pseudomonas aeruginosa were resistant to
broad-spectrum antibiotics (fluoroquinolones and
third-generation cephalosporins) [7]. Extended-spectrum
beta-lactamase (ESBL)–producing E coli strains from chickens
and multidrug-resistant Salmonellae species have been reported
in India [8-12]. In New Delhi, metallo-β-lactamases (NDM-1,
superbug), ESBL-producing Gram-negative bacteria, and
vancomycin-resistant S aureus (VRSA) have been reported in
milk from cows with mastitis [13,14]. ESBL-producing
Enterobacteriaceae in tilapia fishes has been reported from
urban water bodies and resistant Vibrios from shellfishes has

been reported in the market [15,16]. Resistant bacteria and genes
have also been isolated from hospital wastewater, sewage, rivers,
surface water, and groundwater in India [17-20].

Although ABR and AMR emerges naturally, antibiotic
consumption or usage in humans, animals, and agriculture,
environmental waste contamination, sanitation, and infection
control practices are the potential drivers for increase in ABR
and AMR [1,7]. India’s antibiotic consumption (absolute and
percentage increase) is highest globally. Between 2000 and
2015, India’s gross antibiotic consumption increased by 103%
(3.2-6.5 billion defined daily doses [DDDs]) and antibiotic
consumption rate increased by 63% (8.2-13.6 DDDs per 1000
inhabitants) [21]. The prescription behavior, fixed dose
combinations, social pressures, and market influences are some
of the factors [22]. In 2010, India was the fifth largest consumer
of antibiotics in food animals (poultry, pigs, and cattle) and will
become the fourth largest consumer of antibiotics in food
animals by 2030 [23]. Approximately four-fifth of the antibiotics
used in animals are growth promoters [24]. Approximately 40%
of the chicken samples in India had high concentrations of
antibiotics [25]. Antibiotic residues have been documented in
animal milk [24,26]. India is a hot spot for antibiotic use in food

animals, with a use of 30 kg per km2, which will grow by 312%
by 2030 [23]. The global consumption of antibiotics in animals
is estimated to be twice that of humans [27].

Surveillance is an essential tool to document and monitor the
ABR and risk factors and appropriately inform policies, infection
control, and prevention responses at local, national, and global
levels. The Global AMR Surveillance System by the World
Health Organization targets 8 bacterial species (Acinetobacter
spp., E coli, K pneumoniae, Salmonella, S aureus, Streptococcus
pneumoniae, Shigella spp., and Neisseria gonorrhoeae) [6].
The Antimicrobial Resistance Surveillance Network coordinated
by the Indian Council of Medical Research includes 9 types of
bacteria (E coli, K pneumoniae, Enterobacter spp., A baumannii,
P aeruginosa, Salmonella spp., S pneumoniae, S aureus, and
Enterococcus spp.) [28]. These surveillance efforts are primarily
targeted at human infections. Studies involving animals and
environments have targeted isolation of resistant bacteria,
resistance genes, and molecular characterization without
crosslinking the hosts and their ecosystems [7].
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The One Health approach attempts to address complex
multidisciplinary problems through designing and implementing
programs, framing policies and legislation, and conducting
research where multiple sectors converge and collaborate for
achieving better outcomes in public health, animal or bird or
aquatics health, and environmental settings. The One Health
approach has been advocated in infectious diseases including
zoonoses, food safety, and AMR or ABR, considering the
interdependence of human, animal, and environmental factors
and determinants for emergence of resistance [29]. There is
paucity of data from India on One Health surveillance. An
integrated surveillance system considering data from humans,
animals, food, and the environment and antibiotic usage or
consumption for humans and animals appears to be critical.

As part of the Grand Challenge India on Antimicrobial
Resistance program, this district-based ecological surveillance
in India attempts to document the resistance pattern of 7 index
bacteria isolated from multiple hosts, including humans, animals
(livestock, food chain, and pets), birds (food chain birds such
as chicken), and freshwater fishes, correlate with their exposure

to antibiotics, disinfectants, and other risk factors at individual,
household or farm, and community levels, and analyze the data
applying geospatial epidemiology.

An intricate interplay of infections, exposure to antibiotics, and
disinfectants at individual and community levels among humans,
animals, birds, and fishes triggers the evolution and spread of
ABR. The directions of ABR transmission across these species
are unclear and probably multidirectional. We hypothesize that
concurrent surveillance for index bacterial infections and ABR
patterns, exposure to antibiotics and disinfectants, and relevant
risk factors for different hosts and environments will improve
the knowledge base. The application of multidimensional
geospatial epidemiology analysis will inform about the
interlinkages between exposures and ecosystems. This
multisectoral, trans-species surveillance follows the One Health
approach and includes 7 priority antibiotic-resistant bacteria: A
baumannii, P aeruginosa, Enterobacteriaceae, E coli, K
pneumoniae, S aureus, Enterococcus faecium, and Salmonellae
spp [30]. Figure 1 shows the conceptual model for the current
surveillance.

Figure 1. The proposed conceptual model of multihost surveillance for bacterial infections and antibacterial resistance.

Methods

Objectives
This surveillance aims to (1) document the pattern of infections
because of the 7 index bacteria in humans, animals (including
livestock, food chain, and pets), birds (food chain birds such as
chicken), and freshwater fishes sharing the same environment
and their resistance patterns, (2) document the risk factors for
ABR at the individual and community level related to health,
antibiotic consumption, and antibiotic usage in food animal
breeding and agriculture, and (3) apply geospatial epidemiology
analytical methodology to improve the understanding of
bacterial infections and ABR.

This study aims to (1) conduct surveillance for infection with
the index bacteria under study and ABR patterns in humans,
animals (including livestock, food chain, and pets), birds (food
chain birds such as chicken), and freshwater fishes over 1 year;
(2) document the potential factors at the individual, household,
or habitation or farm level related to illnesses, care seeking,
antibiotic usage, and disinfection that influence resistance among
the index bacteria under study, (3) document antibiotic
prescription and antibiotic sales patterns for humans (therapeutic
and nontherapeutic antibiotic usage in animals including
livestock, food chain, and pets), birds (food chain birds such as
chicken), and freshwater fishes and agriculture and food
processing, and (4) apply multidimensional geospatial
epidemiology analysis to generate epidemiological patterns of
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bacterial infections and ABR and the linkages with the various
potential risk factors under study.

Study Design
This study combines surveillance and cross-sectional design
with mixed methodology (quantitative and qualitative) for data
collection.

Study Setting
The study is being implemented at 4 medical college hospitals,
1 veterinary college hospital, and the fishery research institute
located in Khurda district, including Bhubaneswar city. The
fish samples are being collected from the farming sites in
Khurda and the neighboring districts (fish supplying zone). The
study is recruiting participants from Khurda district for data
collection.

Study Participants
The study includes 3 categories of participants:

1. Hosts with infections: humans, animals (including livestock,
food chain, and pets), birds (food chain birds such as
chicken), freshwater fishes (excluding crustaceans) with
any of the 7 index bacteria isolates.

2. Patients attending outpatient clinics: humans and animal
or birds attended by doctors for prescription audits.

3. Stakeholders for in-depth interviews (IDIs).

The study also involves data collection from 3 types of facilities:
(1) microbiology laboratories, (2) chemists and drug distributors
for humans and veterinary medicines, and (3) fish farming sites.
Table 1 details the categories and numbers of participants.
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Table 1. The facilities and study participants for data collection under each category.

NumberSerial no. and participant and facility category

A: Study participants

N/AaA1: Hosts with infections

100-120A1.1: Humans with positive isolatesb; (newborns [n=25-30]; children >1 month to 5 years [n=25-30]; and >5 years in-
cluding adults [n=50-60])

50-60A1.2: Animals (including birds) with positive isolatesc; (animals [n=30-35] and birds [n=20-25])

20A1.3: Fishes with positive isolatesd; (fish farms [n=20]; 5-6 fishes each weighing >100 grams per farm)

N/AA2: Patients attending out-patient clinics

A2.1: Human patients for prescription audit (for antibiotics)

6000Patients (400 per doctor; 100 every quarter)

15Doctors (for human patients) for prescription audite; (disciplines: medicine [n=5], pediatrics [n=5], and surgery [n=5])

A2.2: Veterinary patients for prescription audit (for antibiotics)

800-1000Animals or birds (100 per doctor; 25 every quarter)

8-10Veterinary doctorse

50A3: Stakeholders for in-depth interview

20Farmers (food and vegetable)

5Agriculture stockists

5Food animal breeders

5Poultry breeders

5Fish breeders or farmer

10Animal food processors and distributors

B: Study facilities

6B1: Microbiology laboratories at the participating institutes

4Medical microbiology laboratories

1Veterinary microbiology laboratory

1Fish microbiology laboratory

N/AB2: Chemists and drug distributors for humans and animals

12Medical chemists

4Medical college pharmacy (n=4)

4Other hospital pharmacy (n=4)

4General chemist and distributor (n=4)

4Veterinary chemists

1Near the veterinary college

3Other veterinary chemist

4-5B3: Fish farming sites (for antibiotic usage)

16-20Quarterly audit (4 per farm; once every quarter)

aN/A: not applicable.
bThe patients with positive growth for any one of the 7 index bacteria from any of these samples: blood, urine, stool, pus, sputum, and other sterile body
fluid such as cerebrospinal fluid, pleural fluid, and peritoneal fluid.
cThe animal and bird with positive growth for any one of the 7 index bacteria from any of these samples: blood, urine, pus, stool, other body parts, and
milk.
dFish with positive growth for any one of the 7 index bacteria from gut and gill samples.
eThe prescription audit includes consecutive new patients (not follow-up patients) seen by the respective doctor.
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Selection of Participants
The various study participants and stakeholders shall be selected
following strategy.

Humans With Positive Isolates
The eligibility criteria included (1) patients from Khurda district,
(2) admitted to inpatient departments of the 4 medical college
hospitals, and (3) positive culture growth for any index bacteria
from samples collected within 48 hours of hospitalization shall
be eligible. Of these eligible patients, we shall randomly select
according to the age strata (newborns, >1 month to <5 years,
and >5 years), type of bacteria, and departments to obtain
representative distribution.

Animals With Positive Isolates
The eligibility criteria included (1) animal (including livestock,
food chain, and pets) and birds (food chain birds such as
chicken) with any infection from Khurda district attending the
veterinary college hospital, (2) with positive culture growth for
any index bacteria from samples, and (3) inpatient samples
collected within 48 hours of hospitalization or outpatient
samples collected from fresh patients or fresh samples collected
from animals or birds in the farms. Of these eligible patients,
we shall randomly select according to the animal or bird type;
livestock, pet, or food chain animals and birds; and the specimen
types to obtain a representative distribution.

Fish Farms With Positive Isolates
The eligibility criteria included (1) freshwater fish farms from
Khurda or surrounding districts supplying to Khurda district
and (2) with positive culture growth for any index bacteria from
samples.

Doctors (for Human Patients) for Prescription Audits
The doctors shall be identified from the 4 hospitals (1 per
discipline) and from other hospitals or clinics in the
Bhubaneswar area. These doctors shall be informed about the
activity and consent shall be obtained.

Veterinary Doctors for Prescription Audit
The doctors shall be identified from the veterinary hospital and
other clinics in the Bhubaneswar area. These doctors will be
informed about the activity and consent will be obtained.

Patients for Prescription Audit
The patients (humans and animals or birds) attending the
selected doctors should be eligible. Patients attending for fresh
illness (not follow-up visits) will be approached for consent and
data collection.

Data Collection
Table 2 shows the data to be collected for different components
and study participants. The data collection for different hosts
is detailed below and in Table 2.
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Table 2. The data components to be collected from various study participants.

FrequencyData components to be collectedSerial no. and category

A: Study participants

A1: Hosts with infections

Humans with positive iso-
lates

A1.1 •• Target: 100-120Sociodemography and occupation
•• 10-12 per monthIllnesses, care seeking, and antibiotic usage
•• Once for each participantSanitation, waste handling, and disinfection practices

and animals or birds exposure
• Household location and environmental risk factors

(GPS)

Animals with positive iso-
lates

A1.2 •• Target: 50-60Demography (types and number of animals or birds,
location, and farming period) • 5 per month

• Illnesses, care seeking, antibiotic usage, and outcome • Once for each animal or bird
• Sanitation, waste handling, and disinfection practices
• Feeding and nontherapeutic antibiotic usage
• Caretaker’s illness and antibiotic usage
• Farm location and environmental risk factors (GPS)

Fishes with positive iso-
lates

A1.3 •• Target: 20 farmsDemography (species, farm address, and farming peri-
od) • 5-6 farms per quarter

• Any illness, antibiotics used, and outcome • 5-6 fishes per farm
• Sanitation, waste handling, and disinfection practices • Once for each farm
• Feeding and nontherapeutic antibiotic usage, pesticides,

and disinfectant usage
• Caretaker’s illness and antibiotic usage
• Farm (habitation for domesticated or nonfarm animals

or birds) location and environmental risk factors (GPS)

A2: Patients attending outpatient clinics

Human patients for pre-
scription audit

A2.1 •• Once for each patientAge, gender, diagnosis, and medicines prescribed
•• 8-10 new prescriptions per week

for specific doctor
Doctor attended

Veterinary patients for
prescription audit

A2.2 •• Once for each animal or birdAnimal or bird type, diagnosis, and medicines pre-
scribed • 8 new prescriptions per month for

specific doctor
• Doctor attended

Stakeholders for in-depth
interview

A3 •• Once for each participantPerceptions, knowledge, attitude, practices, and barriers
related to antibiotic usage in agriculture, animal breed-
ing, food industry and potential influence on resistance

• Interviews once during study peri-
od

B: Study facilities

Human and animal or bird
microbiology laboratories

B1 •• Daily screeningNumber of samples received, types of samples (body
part or fluid), number of samples with positive bacteria
growth, number of samples with positive index bacteria
growth, and antibiotic sensitivity

Fish microbiology labora-
tory

B2 •• Periodic, when sample collected
or processed

Number of samples collected and processed, types of
samples (body part), number of samples with positive
bacteria growth, number of samples with positive index
bacteria growth, and antibiotic sensitivity

For humans and animals:Chemists and drug distrib-
utors

B3 • Monthly

• Volume of antibiotics sold

Fish farming sitesB4 •• QuarterlyAntibiotic usage, pesticides, and disinfectant usage on
quarterly basis
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Infections in Humans

Surveillance of Bacterial Infections

At the 4 medical college hospitals, daily surveillance will be
conducted to identify any positive index bacteria isolates from
the samples of the hospitalized patients. For the positive index
bacteria isolates, information about antibiotic sensitivity; dates
of sample collection and admission; and patient information
including diagnosis, antibiotics used, outcome, and basic
demography (age and gender) will be documented. Among these
patients with positive bacteria isolates, eligible patients (as per
the eligibility criteria defined above) will be identified from the
admission registers for detailed data collection at the household
or farm level.

Detailed Individual Data Collection for the Humans With
Positive Bacteria Isolates

Of the eligible patients, approximately 120 patients (10-12
patients every month) will be randomly selected. These selected
patients (and family members) will be contacted after the
discharge or death of the patient to schedule the home visit.
During home visits, informed written consent will be obtained,
followed by data collection using Case Record Forms (CRFs).

Infections in Animals and Birds

Surveillance of Bacterial Infections

For the veterinary college hospital, daily surveillance will be
conducted to identify any positive index bacteria isolates from
the samples of the animal or bird patients attending the hospital
or those that were admitted. For the positive index bacteria
isolates, information about antibiotic sensitivity, diagnosis,
antibiotic use, outcome, and animal or bird type will be
documented. Among these animal or bird patients with positive
bacteria isolates, eligible animals or birds will be identified
from the records for detailed data collection at the household
or farm level.

Detailed Individual Data Collection for the Animals and
Birds With Positive Bacteria Isolates

Of the eligible animal or bird patients, approximately 60 patients
(5 patients every month) were randomly selected. For these
selected animals or birds, their owners or caretakers will be
contacted for scheduling household or farm visits. During
household or farm visits, informed written consent from the
owner or caretaker will be obtained, followed by data collection
using the CRF.

Fish Farms With Positive Isolates

For the freshwater fish farms with positive isolates from fishes
(not crustaceans), the owners or caretakers shall be contacted
and farm visits shall be made for informed written consent
followed by data collection using the CRF.

Antibiotic Sales

From the identified chemists and drug distributors for humans,
animals, and birds at the hospitals and outside, the data on
antibiotic procurement or indent and sales shall be collected on

a monthly or quarterly basis. The list shall include oral (tablets,
capsules, and syrups) and injectable forms for the different types
of antibiotics.

Antibiotic Usage at Fish Farming Sites

For the fish farming sites, quarterly visits will be made to collect
information on the use of different antibiotics or disinfectants
or chemicals or growth promoters (therapeutic or
nontherapeutic) and their quantity.

Doctors for Prescription Audits

For the doctors (human and veterinary), the hospital or clinic
and specialty will be documented.

Patients for Prescription Audits

The consecutive patients (and their parents) attending the
outpatient department of the identified doctors with a new illness
will be approached at exit (consultation completed) for
participation. For patients who consent, the age, sex, diagnosis,
and medications prescribed will be captured. Similarly, for the
animal or bird patients attending the veterinary doctors, the
owners or caretakers will be approached for consent to
participate. For the animals and birds, the species type,
diagnosis, and medicines prescribed will be captured.

Geospatial Data Collection

The precise location data (latitude and longitude) for the
households or habitations or farms of the recruited human
participants, animals and birds, and fish farming sites with
positive bacteria isolates shall be collected using a GPS device
(Garmin Montana 680, Garmin). For these participants,
neighborhood mapping covering a 100-m radius around their
locations will capture the potential risk factors for infection
(garbage dump, wastewater, animal or poultry farm, egg or meat
vending, hospital or clinic, chemist, hotel or food selling,
industry, etc.) with their GPS positions. The technologies to be
used for geospatial mapping include GPS, geotagging, and
geographic information systems. The GPS data points collected
shall be mapped on the state and district satellite map.

Stakeholders for IDIs

The stakeholders or key informants shall be identified
purposively considering the profession (agriculturist, stockiest,
breeder, food processing, and distribution) and geography to
suit the objectives. All IDIs shall be conducted at a convenient
place for the participant after obtaining informed consent and
the conversation shall be digitally recorded with consent. The
IDI will focus on exploring the perceptions, knowledge, attitude,
practices, and barriers related to antibiotic use in agriculture,
animal breeding and food industry and the potential influence
on resistance. The IDIs conducted in local language shall be
transcribed verbatim and translated to English. Quality checks
of transcripts and translation will be performed for 25% of the
audio recordings by another member.

The surveillance and data collection workflow are shown in
Figure 2.
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Figure 2. The workflow of surveillance data collection targeted at different hosts. OPDs: outpatient departments.

Data Management
The surveillance and quantitative data shall be collected using
customized software installed on tablets (developed using open
source platforms: Android; PHP, the PHP Group; and MySQL,
Oracle Corporation) and uploaded to the server through a mobile
network. The data collection and transmission process shall
have encryption and security measures. The qualitative data
shall be collected using IDI guides on paper, followed by
transcription, translation, and data entry. All electronic data will
be stored in a secured server with multilayered security and
daily backup. The investigators and authorized research staff
have data access.

Data Analysis
The quantitative data are expressed as means (with standard
deviations), medians (with interquartile ranges), and proportions
using descriptive statistics. The data for different groups will

be compared using t tests, chi-square tests, Mann-Whitney test,
and Kruskal-Wallis test, as appropriate. The Jonckheere-Terpstra
test will be used to assess the monthly trend of bacteria isolates
(proportions), the ABR pattern for antibiotics, antibiotic
prescription, antibiotic sales, and statistical significance. The
Pearson correlation coefficient will be used to examine the
relationship between antibiotic prescription and sales and ABR
rates. The qualitative data will be analyzed by content analysis
as per the domains identified and follow processes: free listing,
coding, axial coding, and cross tabulation. The spatial data will
be analyzed using geospatial epidemiology principles, including
point pattern analysis (clustering and density), kernel density
map (hot spots and catchment), hub analysis (common exposures
and catchment area), and overlay analysis (exposures or risk
factors layering and spatial correlation; Figure 3). The GPS and
geospatial data will be analyzed using ArcGIS, QGIS, and
Global Mapper 2.0.
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Figure 3. Proposed geospatial epidemiology analysis outputs.

Validity and Reliability
Uniform laboratory processing, antibiotic sensitivity testing,
and interlaboratory comparison will be practiced. Monthly
teleconference and quarterly site visits will focus on protocol
adherence and data validation. The data collected will undergo
consistency and range checks by the data management team.

Ethical Aspects
The study protocol was reviewed and approved by the INCLEN
Ethics Committee, New Delhi (Ref: IIEC-056), Institute Ethics
Committee, All India Institute of Medical Sciences,
Bhubaneswar (Ref: T/EMF/Micro/18/6); Kalinga Institute of
Medical Sciences Medical Research Committee
(KIMS/R&D/255/2018), Institute Ethics Committee, Institute
of Medical Sciences & SUM Hospital (Ref:
DMR/IMS.SH/SOA/180167); Institutional Ethics Committee
for Human Research, Hi-Tech Medical College & Hospital
(Ref: HMCH/IEC/19-004). The participants are being recruited
after obtaining written informed consent. Appropriate data
confidentiality, storage, and access authorization procedures
are being adopted.

Results

The study was funded in May 2019 and approved by Institute
Ethics Committees in March 2019. The data collection started
in September 2019 and shall continue till March 2021. As of
June 2020, data for 56 humans, 30 animals and birds and fishes
from 10 ponds have been collected. The other data collection
is also in progress. Data analysis is yet to be done.

Discussion

Antibiotics Resistance Problem in India
A scoping report on ABR in India reported that resistance to
broad-spectrum antibiotics fluoroquinolones and

third-generation cephalosporin was >70% in A baumannii, E
coli, and K pneumoniae and >50% in P aeruginosa [7]. The
isolation of ESBL-producing E coli from chickens,
multidrug-resistant Salmonellae from chicken meat samples,
VRSA from cow milk samples, and ESBL-producing
Enterobacteriaceae from fishes indicate the spread of ABR
across all food animals and in the environment. Relatively
unregulated and high antibiotic usage in humans and among
animals and aquatics in India is worrisome. The heavy use of
antibiotics is based on high infectious disease burden and past
experiences of mortality and a limited understanding of the
impact across sectors. The implementation of the One Health
framework in policy and program has been challenging in view
of simultaneous and connected evidence from the Indian context.
There is a need to understand the drivers for the emergence of
ABR and transmission across the host-environment systems for
appropriate action.

Strengths and Limitations
The multihost simultaneous surveillance for the 7
resistant-priority bacteria among humans, animals, birds, and
fishes following the One Health framework is a strength of this
study. Therapeutic antibiotic usage for therapeutic purposes
among these patients and nontherapeutic usage for animal
breeding will allow drawing possible linkages with the resistance
pattern. The geospatial epidemiology analysis is expected to
provide information about the pattern and linkages between the
variables. The shorter observation period may not permit
inferring any causal association between the various risk factors
and antibiotic resistance.

Conclusions
This study will generate evidence on (1) epidemiology of
infections with 7 high-priority bacteria among the different
hosts (human, animal, birds, and fishes) and their resistance
patterns, (2) the potential risk factors for ABR in the infected
hosts at individual and immediate environment levels, (3)
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therapeutic and nontherapeutic antibiotic usage for humans,
animals, fishes, agriculture, and food processing along with the
potential triggers, and (4) potential linkages between data from
various sources and identification of possible risk factors for
ABR across various hosts and their ecosystems. India is
critically important for ABR and transmission of
multidrug-resistant bacterial species because of high antibiotic
consumption, unrestricted therapeutic and nontherapeutic usage

across all sectors, and other environmental and behavioral risk
triggers. This multisectoral, trans-species surveillance for
bacterial infection and ABR using One Health’s perspective
and geospatial epidemiology techniques will improve our
understanding of the pattern and spread of resistance and
potentially inform about the potential levers for actions in public
health, animal, bird and aquatics health, and environmental
settings.
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Abstract

Background: With a worldwide increase in the elderly population, and an associated increase in health care utilization and
costs, preventing avoidable emergency department visits and hospitalizations is becoming a global priority. A personal emergency
response system (PERS), consisting of an alarm button and a means to establish a live connection to a response center, can help
the elderly live at home longer independently. Individual risk assessment through predictive modeling can help indicate what
PERS subscribers are at elevated risk of hospital transport so that early intervention becomes possible.

Objective: The aim is to evaluate whether the combination of risk scores determined through predictive modeling and targeted
interventions offered by a case manager can result in a reduction of hospital admissions and health care costs for a population of
German PERS subscribers. The primary outcome of the study is the difference between the number of hospitalizations in the
intervention and matched control groups.

Methods: As part of the Sicher Zuhause program, an intervention group of 500 PERS subscribers will be tracked for 8 months.
During this period, risk scores will be determined daily by a predictive model of hospital transport, and at-risk participants may
receive phone calls from a case manager who assesses the health status of the participant and recommends interventions. The
health care utilization of the intervention group will be compared to a group of matched controls, retrospectively drawn from a
population of PERS subscribers who receive no interventions.

Results: Differences in health care utilization and costs between the intervention group and the matched controls will be
determined based on reimbursement records. In addition, qualitative data will be collected on the participants’ satisfaction with
the Sicher Zuhause program and utilization of the interventions offered as part of the program.

Conclusions: The study evaluation will offer insight into whether a combination of predictive analytics and case manager-driven
interventions can help in avoiding hospital admissions and health care costs for PERS subscribers in Germany living at home
independently. In the future, this may lead to improved quality of life and reduced medical costs for the population of the study.

Trial Registration: Deutsches Register Klinischer Studien (DRKS), DRKS00017328;
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00017328

International Registered Report Identifier (IRRID): DERR1-10.2196/17584

(JMIR Res Protoc 2020;9(10):e17584)   doi:10.2196/17584
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Introduction

With the worldwide increase in the elderly population [1],
chronic diseases and associated health care utilization, such as
costly emergency department visits and subsequent
hospitalizations, are also on the rise. Elderly patients >75 years
of age account for up to a third of ambulance transports in
Germany [2]. Following worldwide trends, German elderly
aged 65-74 years, on average, show a 50% increase in health
care expenditures compared to the 50-64 age bracket. For the
elderly aged 75 and over, the increase is 100% [3]. Preventing
avoidable emergency department visits and admissions in elderly
patients is becoming a global priority [4,5] since emergency
hospitalizations are particularly distressing for the elderly and
have been associated with adverse events such as
hospital-acquired infections, loss of functional independence,
and falls [6].

A Personal Emergency Response System (PERS) service
consists of a help call button worn by the subscriber on the wrist
or as a pendant. When a PERS subscriber requires assistance,
a press of the button will establish a live connection to a personal
response agent in a response center. The agent is then able to
triage the event, and when applicable, assist the subscriber,
either over the live voice connection, or by contacting a relative,
informal caregiver, care provider, or emergency services.

The main benefit of a PERS service is the reassurance that help
will always be available in case of an emergency, such as a fall
or respiratory issues. Previous studies in the United States (US)
[7,8] have shown that PERS data can be used to develop
prediction models of decline in patient status. Such models thus
provide early warning signs of impending emergencies and can
be used by case managers to provide timely intervention [9].
Currently, it is unknown whether the combination of predictive
modeling and case manager interventions is also effective in
Germany, with a different health care system and potentially a
different PERS subscriber population compared to the US.
Whereas the US health care system is characterized by vertically
integrated care providers and a strong private pay mentality,
the German system is fragmented with very limited ability of
health insurances to create and enforce care pathways.

Risk prediction can play an important role in preventing future
hospitalization by allowing an opportunity for timely
interventions and can play an instrumental role in reducing
health care costs and utilization [10-13]. In the Sicher Zuhause
(Safe at Home) study, the risk scores are used by a case manager
(along with other data such as demographics, medical alert

history, or medical conditions) to determine participants
potentially at risk of hospitalization in a German PERS
subscriber population. The case manager may then proactively
contact the at-risk participant, and if needed, intervene at an
early stage, before hospitalization becomes inevitable.

Objectives
The aim of the Sicher Zuhause study—a collaborative effort by
Philips, the Techniker Krankenkasse (TK), ServiceCall AG,
and the German Red Cross (DRK)—is to evaluate whether the
combination of risk scores determined through predictive
modeling and targeted interventions offered by a case manager
can result in a reduction of hospital admissions and health care
costs in a German PERS subscriber population. The primary
study aim is to determine whether there is a difference in the
number of hospitalizations between the intervention group and
the control group over the 8-month intervention period.

In addition, the study aims to assess several secondary outcomes;
these are the impact on the number of hospitalizations leading
to admissions, the number of days admitted to a hospital, the
number of ambulatory visits, the hospital-related costs, and the
overall health care costs. Further, qualitative data collected
through questionnaires will be used to assess the participants’
satisfaction with the PERS devices used in the study and with
the Sicher Zuhause program as a whole.

Methods

Study Design and Overview
The Sicher Zuhause study is a prospective interventional study
with an intervention arm of 500 participants, which is compared
to a matched population derived from historical PERS
subscribers. The study tracks the health care utilization and
expenditure of the participants over 8 months. During this
period, the participants in the intervention arm may receive calls
from one of the case managers in the study with the offer to
discuss the participant’s health status and care needs. Based on
this discussion, the case manager may recommend one or more
interventions.

The matched population serving as a control group does not
actively take part in the study and is instead derived from the
historical records of PERS subscribers. This population will be
matched with the intervention arm to be as similar as possible
compared to the intervention group using propensity score
matching. An overview of the study design is shown in Figure
1.
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Figure 1. Study design.

Participants and Selection Criteria
Study participants will be recruited from a pool of individuals
who are insured by the TK—a statutory health insurance
organization based in Hamburg. To be included in the study,
participants must be eligible for PERS reimbursement, have a
“care level” (Pflegegrad) as defined under the German health
care system of at least 1 and at most 4, and be of at least 18
years of age.

Exclusion criteria for the study are severe cognitive impairments,
severe hearing impairments, severe motor impairments, mental
disorders, or other medical conditions that prohibit participation
due to the inability to provide consent or to communicate with
the case manager over the phone. Participants who are expected
to be outside the home for a significant amount of time (due to
planned hospital admission, for example) of the intervention
period will be excluded. This applies to any single period of
over 3 weeks or a cumulative period of over 2 months.

Enrollment
Potential study participants will be recruited through one of
several ways:

1. New PERS customers or customers of the nursing service
of ServiceCall or the DRK who are insured at the TK will
be asked if they are interested in learning about the study.

2. Potential participants may be made aware of the study
through articles published by the TK (for example, in their
member magazine).

3. Potential participants may be identified from among existing
TK customers. These potential participants may be
contacted directly by the TK by phone or mail.

Identified individuals will be sent an information letter and
informed consent. Individuals will be enrolled in the study after
returning the signed informed consent letter.

Study Sites
The participants will use the PERS service in their own homes.
During the study, the participants will make use of one of two
response centers operated by ServiceCall (Kassel, Germany)
and DRK (Düsseldorf, Germany).

Risk Score Calculation
During the study, the participants’ risk will be assessed by a
predictive model of hospital transport in the next 30 days. This
predictive risk model was developed on a retrospective data set
of more than 8000 deceased German PERS subscribers using
a methodology similar as described in [7], which is used by the
Philips CareSage predictive analytics engine in the United
States. The predictive model achieved an area under the receiver
operator characteristic curve of 0.75.

The predictive model calculated the participants’ risk based on
a combination of medical alert pattern data collected by the call
centers, as well as demographic information and self-reported
medical conditions. The provided risk score is relative to the
average risk of the population used to develop the model (eg,
a risk of 2 indicated an estimated risk two times higher than the
average). The distribution of the risk scores will be monitored
during the study in case there are major differences between
the study population and the population used to develop the
model.
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Intervention
Throughout the study, risk scores will be calculated daily and
provided to a case manager. While risks are predicted for 30
days, daily calculations of the risk score allow for new

information to be taken into account as soon as possible. Based
on the height and trend of the risk scores, the history of response
center interactions and demographic data, the case manager
decides which participants to contact to further inquire about
their health status and care needs (Figure 2).

Figure 2. Intervention protocol.

When a case manager contacts a participant, they will first
evaluate the participant’s health status through a triage protocol.
Based on this conversation, the case manager may conclude to
offer one or more interventions. As part of this study, the case
manager may recommend:

1. No further action is needed at this time.
2. To plan a general practitioner visit.
3. To contact emergency medical services.
4. To enroll in one of the TK’s existing health and care offers.

These can, for example, include training programs on
nutrition, a fall prevention course, or cardiovascular
training.

5. To schedule a care consultation.

Interventions by the TK are offered free of charge. If one or
more interventions are recommended, the case manager will
schedule a follow-up call with the participant after 14 days.
During the follow-up call, the case manager will inquire if the
participant followed the suggested actions, and if so, what was
the outcome (eg, referral to a specialist or dietary
recommendations).

At the start of the study, participants will also receive a welcome
call from the case manager to obtain a baseline measure of the
participant’s health status and already plan interventions if
necessary. The participant may ask any questions that remain
regarding the study.

Data Collection
The main source of data for the analysis of health-related
outcomes will be the reimbursement records collected by the
TK. These contain the type of care and the associated costs of
care received by the participants during the intervention period.
The expected time for these records to become available to the
TK is approximately 1 month for hospital and PERS-related

costs, and up to 9 months for ambulatory and specialist costs.
At the end of the study period, participants will be asked to
complete a questionnaire on health care utilization during the
intervention period.

Response center data, including records of interactions with the
personal response agents, demographics, and reported medical
conditions, will also be collected during the intervention period
for risk score calculation and the evaluation of the study. The
case managers will also document the recommended
interventions and actions taken by the participant during the
follow-up call after an initial recommendation.

Data Analysis
The analysis of the primary outcome, the number of
hospitalizations, will be based on a comparison of
reimbursement records between the intervention arm and a
matched population acting as a control group. Propensity score
matching will be used to obtain a comparable control group
[14,15] using a large pool of population characteristics (over
100 variables), which include the age at enrollment, gender,
geographic location, care level, and presence or absence of
common medical conditions. The intervention arm of 500
participants will be compared to an equal-sized matched control
group of 500, determined by propensity score matching out of
an initial pool of approximately 5000 candidates. Differences
between groups will be analyzed through statistical testing,
using the binomial rate test for the number of admissions and
the t-test for differences in costs.

Analysis of the qualitative data provided by questionnaires will
focus on evaluating the participants’ satisfaction with the Sicher
Zuhause program overall, and with the individual components
such as the case manager interactions and the offered
interventions. This will be done through descriptive statistics
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such as the mean and standard deviations of the satisfaction and
helpfulness measured on Likert scales.

The qualitative data will be used to provide insights into to
outcomes of the primary objectives and may assist in the
improvement of the CareSage predictive model.

Sample Size Calculation
A study with a comparable population by Coleman et al [16]
reported a reduction for hospital visits over a 180-day period
to 23% in the invention group versus 32% in matched controls.
Based on these proportions, 80% power, and a type I error
(alpha) of 0.05, at least 386 participants in each group are
needed. Accounting for an estimated lost to follow-up of 15%,
this increases to at least 454 participants. The sample size for
the intervention arm was therefore set at 500.

Ethical Considerations
The Sicher Zuhause study will be conducted in accordance with
the most recent version of the Declaration of Helsinki. The study
has been assessed and approved by the internal board of ethics
of Philips Research (Internal Committee of Biomedical
Experiments), and has been reviewed and approved by the
Western Institutional Review Board (WIRB, tracking number
20182221).

All data collected in the study will be maintained in compliance
with the General Data Protection Regulation privacy directive
and the German data protection law. Data will be
pseudonymized where possible and kept encrypted both in
transit and at rest.

Results

The enrollment of participants began mid-2019 and is expected
to be complete by end of 2020. Enrollment is expected to take
longer than usual based on the number of new PERS subscribers
over time in the geographical area covered by the response
centers in the study. Data collection is expected to be completed

by summer of 2020. Initial results are expected to be available
in fall of 2021.

Discussion

This protocol describes a study that aims to determine if the
combination of risk scores determined through predictive
modeling and interventions offered by a case manager can result
in a reduction of hospital admissions and health care costs in a
German PERS subscriber population. The rapidly aging
population with multiple comorbidities presents numerous
challenges to effective care management, and therefore,
alternatives to hospital and institutional care are needed to
optimize health care costs and improve patient outcomes [17].
In the future, the results of this study can lead to better health
outcomes for the population described.

This study has a few limitations. First, it does not include a
randomized design, and the use of a retrospective control group
may lead to selection bias. In the study, this concern is partially
addressed by the use of propensity score matching. Second, the
effect of the risk prediction and the interventions cannot be
easily separated. As such, the study aims to evaluate the
combination of the two, where the predictive model helps to
identify the right subset of participants to whom interventions
should be offered. Further, analysis of the qualitative data can
help to provide insights into the performance of the predictive
model and the effectiveness of the interventions. Another option
would be to include additional study arms; however, due to the
expected recruitment rate, this is likely not feasible.

A third limitation is that it might be difficult to capture data on
health care utilization that may be initiated outside of the PERS
service. Capturing emergency department visits and
hospitalizations is important because the study population is a
high health care utilization group that is at risk for emergency
transport, and patients are typically taken to the nearest medical
center for emergency care services. However, self-reported data
from patients may help mitigate some of these challenges.
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Abstract

Background: COVID-19, caused by the virus SARS-CoV-2, has brought extensive challenges to the scientific community in
recent months. Several studies have been undertaken in an attempt to minimize the impact of the disease worldwide. Although
new knowledge has been quickly disseminated, including viral mechanisms, pathophysiology, and clinical findings, there is a
lack of information on the effective pharmacological management of this disease. In vitro studies have shown some benefits
related to the use of antimalarials (chloroquine and hydroxychloroquine) for inhibiting SARS-CoV-2. However, the data from
open clinical trials on COVID-19 patients are controversial.

Objective: We present the protocol for a research project that compares the potential protective effect of antimalarials in
preventing moderate-to-severe forms of COVID-19 in two groups: (1) patients treated chronically with antimalarials for rheumatic
diseases and (2) other members of the patients’ household who have not been diagnosed with rheumatic diseases and are not
taking antimalarials.

Methods: This is a 24-week, prospective, observational cohort study comprising patients from public and private health services
across Brazil, who chronically use antimalarials for the treatment of immune-mediated rheumatic diseases, osteoarthritis, or
chikungunya-related arthropathy. A total of six sequential phone interviews were scheduled during the COVID-19 outbreak in
five different regions of Brazil. Information regarding social, epidemiological, and demographic data, as well as details about
rheumatic diseases, antimalarials, comorbidities, and concomitant medication, is being recorded using a specific online form in
the REDCap database. Symptoms suggestive of COVID-19, including fever, cough, dyspnea, anosmia, and dysgeusia, are being
self-reported and collected via phone interviews. Our main outcomes are hospitalization, need of intensive care unit, and death.

Results: Recruitment began at the end of March 2020, and the inclusion was done during an 8-week period (from March 29 to
May 17) with a total of 10,443 individuals enrolled at baseline, 5166 of whom have rheumatic diseases, from 23 tertiary
rheumatology centers across 97 Brazilian cities. Data analysis is scheduled to begin after all inclusion data have been collected.
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Conclusions: This study, which includes a large sample of chronic antimalarial users, will allow us to explore whether
SARS-CoV-2 infection may be associated with immune-mediated rheumatic diseases and long-term antimalarial usage.

Trial Registration: Brazilian Registry of Clinical Trials RBR–9KTWX6; http://www.ensaiosclinicos.gov.br/rg/RBR-9ktwx6/

International Registered Report Identifier (IRRID): DERR1-10.2196/23532

(JMIR Res Protoc 2020;9(10):e23532)   doi:10.2196/23532

KEYWORDS

COVID-19; SARS-CoV-2; coronavirus; antimalarial; rheumatic diseases; mortality; immune system; immunology; protocol;
observational; pharmacological; drug

Introduction

COVID-19, which originated from Wuhan, China, in December
2019, remains a major challenge for scientists and the medical
community as it continues to spread rapidly across the world
[1,2]. The rapid transmission of the disease, which is caused by
the novel coronavirus SARS-CoV-2, and the need to minimize
its impact have caused scientific research and information to
emerge at a record speed, but there are still numerous knowledge
gaps [3-6].

In recent months, a marked information revolution has been
observed, relating to viral mechanisms, pathophysiology, and
heterogeneous clinical findings with different severity grades.
Those infected with COVID-19 range from asymptomatic
individuals to critically ill patients with outcomes like severe
acute respiratory syndrome, coagulopathy (a prothrombotic
state triggered by inflammation and other factors), and death
[7-13]. Age and concomitant diseases, especially hypertension,
diabetes, and heart, kidney, and lung diseases, are associated
with poor outcomes [14-18].

Considering there is no specific, effective pharmacological
treatment for COVID-19, several drugs have been tested, such
as antivirals (lopinavir-ritonavir, remdesivir, favipiravir);
antimalarials alone or combined with azithromycine; interleukin
6 (IL-6) antagonists; Janus kinase inhibitors and interferon, as
well as other procedures (extracorporeal membrane oxygenation
and convalescent plasma). However, to date, there are no data
on the potential preventive effect of any of these, regardless of
timing (pre-exposure, symptomatic period, or inflammatory
phase) [19-27].

The role of chloroquine and hydroxychloroquine in treating
patients with malaria and immune-mediated rheumatic diseases
(IMRD) is well-known, especially in cases of systemic lupus
erythematous and rheumatoid arthritis. In vitro studies have
shown antimalarials have an antiviral effect against some
viruses, such as SARS-CoV (severe acute respiratory
syndrome–associated coronavirus), MERS-CoV (Middle East
respiratory syndrome coronavirus), SARS-CoV-2, HIV, Zika,
and influenza A(H5N1), especially in relation to endosomal
membrane pH changes and an inhibitory mechanism to hamper
the viral entry inside the cells. However, clinical trials are
controversial and present many methodological problems,
including randomization, dosage, time of use, endpoint
definitions, outcomes, and safety issues [28-35].

Among rheumatologists, antimalarials have been used safely
and effectively for several decades in patients with rheumatic
diseases [36]. For this reason, rheumatologists and rheumatic
patients who are long-term users of antimalarials were involved
in COVID-19–related discussions and research [37-39]. Our
main hypothesis is that patients with rheumatic diseases who
chronically use antimalarials could have a lower rate of
moderate-to-severe forms of COVID-19 since these drugs work
as immune modulators in mitigating cytokine storm and poor
prognosis.

Objectives
Our primary aim is to assess the potential preventive effects of
antimalarials in reducing the incidence of moderate-to-severe
forms of COVID-19 in patients with rheumatic diseases.
Secondarily, we aim to determine the frequency of SARS-CoV-2
infection in patients with rheumatic diseases who are chronic
users of antimalarials. For both objectives, patients with
rheumatic diseases will be compared with members of their
household who are not taking antimalarials.

Methods

Design
The study design will be a prospective, multicentric,
observational cohort study with a control group.

Sample Size
Considering a moderate-to-severe COVID-19 rate as the
dependent variable, a rate which the current literature estimates
to be 20% [4,6,10-18,40-42] as well as the proportion of 1 case
for every 2 controls, the sample calculation was approximately
3000 antimalarial users and 6000 nonusers, with an error α=5%
and β=20%.

Inclusion Criteria
The inclusion criteria are as follows:

• Men and women;
• >18 years of age;
• Use of antimalarials for at least 30 days before inclusion

in the study;
• Diagnosis of IMRD (according to the criteria of the

American College of Rheumatology or European League
Against Rheumatism), rheumatoid arthritis [43], systemic
lupus erythematosus [44], Sjögren's syndrome [45],
systemic sclerosis [46], inflammatory myopathies [47], and
mixed connective tissue disease [48];
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• Diagnosis of osteoarthritis (subgroup) [49];
• Diagnosis of chikungunya-related arthropathy (subgroup).

Exclusion Criteria
The exclusion criteria, which apply to both patients and controls,
are as follows:

• Previous use of chloroquine or equivalent that was not in
the past 6 months;

• History of solid organ or bone marrow transplantation;
• Neoplasm of solid organs or lymphatic or myeloproliferative

lineage in the past 12 months with or without adjuvant
chemotherapy;

• Positive HIV status, regardless of highly active antiretroviral
therapy;

• Use of intravenous human immunoglobulin in the past 30
days;

• End-stage renal disease on peritoneal dialysis and
hemodialysis.

Control Group
The control group will consist of healthy individuals aged >18
years, who are household cohabitants or work colleagues of
patients with rheumatic diseases in the intervention group.

Contact with a suspected or confirmed case of COVID-19 is
defined as an individual sharing accommodations with a patient
with a rheumatic disease (eg, residing in the same house or
environment as roommates, occupational colleagues, etc). The
exposure grade assessment is individualized, considering the
type of environment and the exposure time.

For each case, two household and/or professional contact
individuals will be selected as controls. The choice of the first
control is prioritized by flu-like symptoms and defined as the

“symptomatic group,” including suspected or confirmed cases.
Those without symptoms will comprise the “asymptomatic
group;” both household and/or contact individuals can be
selected, preferably paired for age and sex.

The household and/or workplace contacts were chosen to
characterize the control group because of their high
epidemiological value during community viral transmissions
worldwide, instead of including nonusers of antimalarials with
rheumatic diseases. Moreover, lupus patients without
antimalarial treatment are quite uncommon, except in those
with previous toxicity (maculopathy, allergy, long-term
remission, etc).

Data Collection
Data are being collected regarding social, epidemiological, and
demographic characteristics, as well as detailed information on
antimalarials (type of salt, dosage, frequency, adherence during
the pandemic) and rheumatic disease (diagnosis, disease
activity). In addition, aspects related to comorbidities, smoking,
alcohol intake, and concomitant medications are being recorded,
as well as specific information about COVID-19 symptoms and
main outcomes (hospitalization, need for intensive care unit,
and death) in both groups (Multimedia Appendix 1).

All phone interviews are being conducted by health care
professionals (eg, volunteer medical students), all previously
trained by the principal investigator or subinvestigator from
each rheumatology center (Figure 1). This training included a
tutorial in PDF and video formats about each step of the study
protocol. In addition, several WhatsApp-based groups were
formed and supervised by the principal investigator,
subinvestigator, or study coordinators to find the best solution
for minimizing eventual problems.
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Figure 1. Centers participating in the study.

All patients and controls gave a verbal informed consent before
participating in this cohort study. The need for signed informed
consent was waived by the Brazilian National Ethics Committee
(CONEP) due to the urgency of the pandemic. However, it is
worth emphasizing that participation was voluntary for both
groups. Research subjects will not be identified by their full
name at any time and will not have their personal data disclosed.

The data are being stored on the REDCap platform, with
telephone interviews performed as shown in Figure 2. Interviews
with patients with invalid contact information or who did not
answer the telephone after three consecutive calls at intervals
of 3 days were canceled, although patients were not removed
from the study. All patients will be evaluated during the closing
visit (V6), unless they decline to participate, regardless of
whether intermediary visits were missed (V2 to V5).

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e23532 | p.441http://www.researchprotocols.org/2020/10/e23532/
(page number not for citation purposes)

Gomides et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 2. Telephone interview schedule.

A clinically confirmed case of COVID-19 was defined according
to the Brazilian Ministry of Health criteria [50] that included
self-reported symptoms (fever, cough, nasal congestion,
shortness of breath, malaise, myalgia, decline in general
condition, and sudden anosmia and/or dysgeusia) and/or have
been in contact with someone with a confirmed or suspected

case of COVID-19. A positive PCR (polymerase chain reaction)
test for SARS-CoV-2, via oropharyngeal and nasopharyngeal
sampling or a specific confirmatory serology (immunoglobulin
G and/or immunoglobulin M), is needed to test for infection,
according to the Brazilian Ministry of Health [50] (Figure 3).

Figure 3. Suspected vs confirmed cases of COVID-19. RT-PCR: real-time polymerase chain reaction, IgM: immunoglobulin M, IgA: immunoglobulin
A, IgG: immunoglobulin G, ELISA: enzyme-linked immunosorbent assay, IC: ion channel, ECLIA: electrochemiluminescence immunoassay.
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Moderate-to-severe cases are defined as those that require
hospitalization, mechanical ventilation, or result in death.
Through direct contact with hospitals, hospitalized patients are
being clinically evaluated in terms of longitudinal follow-up
and treatment outcome, infection severity, length of stay, need
for intensive care, mechanical ventilation, and cause of death.

Considering the heterogeneous community viral transmission
in Brazil, some epidemiological approaches were developed to
assure a similar path involving patients with rheumatic diseases
and controls, such as the same pandemic COVID-19 curve in
each city and region [41]. Therefore, after initial contact (V1),
two strategies were adopted to maintain the follow-up of patients
and to optimize the capture of main outcomes. Firstly, an active
strategy is addressed in cases of flu-like syndrome and
symptoms suggestive of COVID-19. For this strategy, the patient
or household member is shown how to provide clinical data on
the patient or his/her control through a toll-free telephone
number (the 0800 system). Secondly, the patient is contacted
every week by the REDCap team to gather relevant data on
infection. An additional visit is conducted if the patient or
control provides information about flu symptoms or disease
activity via an unscheduled phone call or contact through the
toll-free number. In both cases the individual will be advised
to stay home and use painkillers or an antipyretic. In case of
worsening/severe symptoms (eg, persistent cough or fever and
shortness of breath), they will be advised to visit a hospital or
to make an appointment with a physician involved in our study.

Outcomes
Primary outcomes (at baseline and during the 24-week study
period) are as follows:

• SARS-CoV-2 infection (illness): suspected, suggestive, or
confirmed

• Death
• Hospitalization
• Need for intensive care unit
• Need for mechanical ventilation
• Total hospitalization time
• Date of occurrence of an adverse event (eg, death,

hospitalization)

Secondary outcomes are as follows:

• General clinical differences in COVID-19 course severity
between rheumatic patients and nonrheumatic controls;

• Initial clinical differences and progression to moderate or
severe course of disease between the two groups.

Confounding and adjustment variables are age, sex,
comorbidities, concomitant medications, and flu vaccine.

Ethics
This project was registered with the Brazilian Registry of
Clinical Trials (ID RBR-9KTWX6).

The project, which is currently in the data collection phase, was
approved by the Brazilian Committee of Ethics in Human
Research–CONEP (CAAE 30246120.3.1001.5505).

Statistical Analysis
The data will be analyzed using descriptive statistics—absolute
and relative frequencies for categorical variables and quantitative
measures (mean, quartiles, minimum, maximum, and standard
deviation) for numerical variables. The normality of the data
will be verified using the Kolmogorov-Smirnov test.

A chi-square test will be used to assess the association between
categorical variables with standardized adjusted residual
calculation; Fisher exact test will be used for small samples.
The linear associations between two variables of a numerical
nature will be evaluated using Pearson correlation.

To evaluate the behavior of clinical variables between two points
in time by group, analysis of variance (ANOVA) will be used,
with repeated measures. In the case of nonnormality of data,
the means of the groups at each time point will be compared
using the Kruskal-Wallis nonparametric test. To compare the
means between phone visits in each group, the Wilcoxon
nonparametric test will be used.

The comparison between the means of numerical variables with
normal distribution will be verified through the Student t test.
If the assumption of normality is violated, the Mann-Whitney
nonparametric test will be used.

Adjusted multiple linear regression models will be used to assess
the simultaneous effects of sex, age, duration of illness,
comorbidities, concomitant medications, and other confounding
variables, according to group and predefined outcomes. For
dichotomous dependent variables, a logistic regression model
will be preferred. Survival analysis models, including log rank
and Kaplan-Meier tests, adjusted for confounding variables,
will be developed to assess the main outcomes over time. The
time defined as the end date will be the date of a major event,
such as illness with confirmation or suspicion of infection,
hospitalization, or death.

Correlation analysis will be performed using the Pearson test
to assess the relationship between the incidence rate of
confirmed COVID-19 cases per 100,000 inhabitants and the
proportion of symptomatic patients and controls in
municipalities. Data of confirmed cases per municipality are
available through the Brasil.io project [51]. The QGIGS Desktop
3.6.0 (Open Source Geospatial Foundation) will be used for
map plotting.

SPSS, version 20 (IMB Corp) will be used in all analyses, and
a P value <.05 will be considered significant.

Results

This study is in the data collection phase. Study recruitment
opened in March 2020. In an 8-week period (from March 29 to
May 17), a total of 10,443 individuals enrolled at baseline
(including 5166 patients with rheumatic diseases) from 23
tertiary rheumatology centers in 97 Brazilian cities. Data
analysis is scheduled to start after all relevant data have been
collected.
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Discussion

This study’s novel design, with its large sample of chronic
antimalarial users, will enable us to perform a thorough
prospective assessment (every 2 weeks) to explore whether
vulnerability to SARS-CoV-2 infection may be associated with
IMRD or to hydroxychloroquine after adjustments for
cofounders, especially those related to other immunosuppressive
drugs and comorbidities. On the other hand, it has some

limitations, such as compliance and adherence; a potential
shortage of HCQ (hydroxychloroquine) in some parts of our
country; possible biases associated with recalling symptoms;
inability to answer the phone (due to hospitalization or death),
and lack of confirmatory tests (PCR tests for SARS-CoV-2 or
antibody-based RNA [ribonucleic acid]) for all enrolled patients
and controls, especially in those with nonsevere forms. Future
randomized controlled trials may provide a better understanding
of these differences.
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Abstract

Background: Access to high-quality, comprehensive contraceptive care is an inherent component of reproductive human rights.
However, hindrances to specific aspects of contraceptive provision, including availability, accessibility, acceptability, and quality,
continue to perpetuate unmet needs. The state of Utah has recently passed a series of contraceptive policies intended to improve
contraceptive access. Despite these positive changes to theoretical access, fiscal appropriations to support the implementation of
these policies have been minimal, and many individuals still struggle to access contraception.

Objective: The Family Planning Elevated Contraceptive Access Program (FPE CAP), part of a larger statewide contraceptive
initiative, specifically aims to improve contraceptive access within health clinics. This paper describes the study protocol for
evaluating the success of FPE CAP.

Methods: Health clinics apply for membership in the FPE CAP. On acceptance in the program, they receive a cash grant for
clinical supplies, equipment, and personnel expenses; reimbursement for contraceptive services and methods for eligible clients;
technical support, training, and proctoring on counseling and providing all methods of contraception; method stocking of intrauterine
devices and implants; and demand generation activities, including local media campaigns, to inform community members about
the FPE CAP and possible eligibility. FPE collects monthly service delivery reports from participating clinics for evaluation
purposes. The primary outcomes of FPE CAP are level and trend changes in contraceptive service delivery among individuals
earning ≤138% federal poverty level (FPL) following membership in FPE CAP and among FPE CAP clients earning between
139% and 250% FPL (including those ineligible for Medicaid) compared with historical data and control clinics. To assess this,
we will conduct comparative interrupted time series analyses assessing the level and trend changes in intervention and control
clinics 12 months before the intervention, for the 2-year duration of the intervention, and for the subsequent 12 months following
the intervention.

Results: We found that the study is adequately powered (>80% power) with our planned number of clinics and the number of
months of data available in the study. To date, we have successfully completed the recruitment and enrollment of 8 of the expected
9 health organizations and 4 of the control clinics. Completed health organization enrollment for both intervention and control
organizations is expected to be completed in December 2020.

Conclusions: The study aims to provide insight into a new approach to contraceptive initiatives by addressing comprehensive
aspects of contraceptive care at the health system level. Ongoing state policy changes and implementation components may affect
the evaluation outcomes.
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Introduction

Background
Contraception has been a primary tool to achieve reproductive
justice, allowing people to plan their families as they see fit [1].
Acceptability of family planning as a human right has increased
and so have policies and approaches to expanding
comprehensive access to a wide range of contraceptive methods.
In the United States, there have been a number of proactive
family planning–friendly policies, including mandated
contraceptive coverage by insurers, telehealth contraceptive
counseling, web-based provision of short-acting hormonal
methods such as oral contraception, over-the-counter availability
of emergency contraception, and pharmacy dispensing
authorization of hormonal contraception without prescriptions
[2-4].

Despite these advances, obstacles to comprehensive
contraceptive access remain. An estimated 38 million women
in the United States have unmet need for contraception, 20
million of whom are in need of publicly funded family planning
services [5]. Furthermore, the majority of studies of unmet need
focus on women rather than the more appropriate inclusion of
any person who can become pregnant and any person that can
contribute to a pregnancy. Inclusion of the contraceptive needs
of men and nonbinary individuals likely increases the estimated

number of people who need contraception. Meeting the needs
of all people of reproductive age also highlights the importance
of progress toward comprehensive contraceptive care that
incorporates the needs of sexually expansive and
gender-expansive individuals.

Contraceptive provision that supports reproductive autonomy,
as outlined in the tenets of reproductive justice, involves several
components that must work in tandem to reduce unmet need
[1]. Several theoretical frameworks, including the Availability,
Accessibility, Acceptability and Quality framework, the access
framework, the 5As of access by Penchansky and Thomas [6],
the Bruce-Jain Quality of Care framework, and the Human
Rights–Based Family Planning Framework, are in agreement
on many of the various attributes required for comprehensive,
equitable contraceptive access, including availability,
accessibility, acceptability, and quality (Textbox 1) [6-10].
Barriers to these components can be identified across policy
and service delivery levels and within individual experiences
[11-13].

Barriers to each of these aspects of contraceptive provision exist
in the state of Utah and throughout the United States. Although
some aspects of contraceptive provision in Utah do have
similarities to other states, the state has a unique combination
of geographic and political aspects that may add complexities
to an individual’s contraceptive access.

Textbox 1. Aspects of successful family planning provision included in multiple frameworks (Availability, Accessibility, Acceptability and Quality
framework, Penchansky and Thomas J, Human Rights–Based Family Planning Framework, and Bruce-Jain Quality of Care).

Availability:

• Is the method offered to individuals through standard channels of care when they want it?

Accessibility:

• Can an individual get the method they desire?

• This can encompass financial, logistic, or geographic barriers

Acceptability:

• Is the method marketed or offered or distributed in a way that aligns with medical ethics, cultural, and individual values?

Quality:

• Is the method provided in a way that meets the highest medical and ethical standards?

• This includes ensuring dignity and respect for clients, informed consent through provision of accurate scientific information, ensuring client
privacy and confidentiality, and meeting technical competence in provision of methods

Availability Barriers
Despite widespread method availability in the United States
and Utah, barriers still exist. These availability barriers manifest
primarily within the service delivery sector, through factors
such as a lack of skilled providers, a limited selection of methods
at clinics, and stockouts [14,15]. Subsidized or discounted
purchasing, in the form of 340B federal drug pricing or group
purchasing, has the potential to reduce the upfront cost of
stocking methods (Multimedia Appendix 1 provides a glossary

of health policy terminology). However, not all clinics providing
contraception to low-income clients meet the 340B criteria, and
discounted prices through group purchasing models may still
be prohibitively high for smaller clinics. This leads clinics to
make fiscal decisions about which methods to purchase and
subsequently impacts the availability of methods. In addition,
varying demand for the most expensive methods, such as
intrauterine devices (IUDs) and contraceptive implants, increases
the likelihood of stockouts, particularly among smaller clinics
[16].
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Furthermore, the availability of comprehensive contraceptive
offerings including both long-acting reversible contraceptives
(LARCs) and lesser used methods, such as fertility
awareness–based methods, is limited in most publicly funded
health clinics [17]. Expanded method choice is associated with
increased utilization and method satisfaction among users [18],
making a comprehensive contraceptive offering an important
component of contraceptive availability.

Accessibility Barriers
The cost of health care, including contraceptive services, is a
known barrier to use, particularly for individuals with low
incomes. Several studies have demonstrated the removal of cost
barriers, leading to increased utilization of methods, including
LARC methods, which have the highest upfront costs [17,18].
Until recently, Utah was 1 of only 7 states that had not either
expanded Medicaid through the Affordable Care Act or adopted
a Medicaid Family Planning 1115 Waiver (Multimedia
Appendix 1). As a result, an estimated 215,000 women in the
contraceptive coverage gap needed publicly funded family
planning services [19]. In addition, approximately 20% of
existing insurance policies in Utah are considered noncompliant
with the Affordable Care Act and do not necessarily require
insurers to cover contraceptive services and methods [20].

Geographic access barriers also exist in the state. Utah is one
of the largest states in the United States, but one of the least
populous states. Approximately 25% of the state’s population
lives in rural or frontier areas, requiring traveling longer
distances to receive care. Utah has a lower ratio of physicians
per civilian population than the national average; this gap is
particularly acute in rural health districts [21]. In 3 Utah
counties, there are no primary care physicians [21]. This often
translates into Utahns needing to factor transportation and time
costs into their contraceptive utilization.

Recent changes in national Title X requirements resulted in
Planned Parenthood withdrawing from Title X funding in 2019.
Planned Parenthood clinics were Utah’s only Title X provider,
and their withdrawal from the program’s federal funding has
left Utahns without a single Title X provider. This has increased
accessibility barriers to contraception for many primarily
low-income and adolescent individuals.

Acceptability Barriers
A major aspect of contraceptive acceptability in Utah is tied to
the high rates of residents’ membership in the Church of Jesus
Christ of Latter-Day Saints religion. Overall, 62% of people
living in Utah report affiliation with this religion, although there
are substantial regional differences across the state [22]. An
even higher proportion (88%) of individuals serving in the Utah
legislature identify as being affiliated with this religion [23].
Thus, much of the cultural acceptability of and policies related
to contraception have roots in the dominant religion’s beliefs
about sex and sexuality. This includes topics such as extramarital
sex (and by extension, adolescent sex), nonheterosexual sex,
and abortion [24,25].

As of 2019, state code permits sex education curricula in Utah
schools to describe contraceptive methods. Before 2019, sex
education curricula were not allowed to describe contraceptive

methods. A yet-unpublished survey of sexual health knowledge
among students at the University of Utah found that although
82% of respondents reported being sexually active, 52% reported
only having received abstinence-based sex education, and 63%
reported that they wished they knew more about specific
contraceptive methods [26]. Thus, contraceptive knowledge
among Utahns is low, and methods are subject to common myths
and misconceptions. In one such example of these
misconceptions, a Utah-based medical practice received media
attention in 2019 for the premarital exams, which are essentially
provider-based sexual education visits, primarily directed at
women [27].

Contraceptive acceptability also pertains to providers,
particularly regarding the acceptability of certain methods in
specific circumstances or for particular individuals. For example,
a presurvey provided at a Utah contraceptive training conference
found that 65% of respondents (n=29) perceived that intrauterine
placements were less uncomfortable for recipients if provided
during menstruation [28]. In addition, research on sexual
minority women in Utah found that these individuals are less
likely to report having had a provider offer contraception or
discuss pregnancy intentions or reproductive life planning
[29,30].

Quality Barriers
Attributes of quality contraceptive provision are evolving. For
example, new evidence supports patient-centered decision
making, which places the client as the primary decision maker
in a contraceptive visit, with the provider in a supportive
ancillary role [31]. Recommendations for high-quality
contraceptive visits now include providing anticipatory guidance
for managing side effects, advancing the provision of emergency
contraception to individuals who would like it, and identifying
alternative or backup methods for individuals who are unhappy
or dissatisfied with their current method [31]. Yet, updated
contraceptive education is limited for many established providers
in Utah, particularly individuals in primary care settings in rural
and frontier areas who may find it difficult to stay current on
sexual and reproductive health topics, given competing priorities
and training.

Current Policy Environment
In 2018, Utah legislators approved the request for a Medicaid
1115 waiver, expanding contraceptive coverage and family
planning services for individuals with household incomes below
100% federal poverty level (FPL). In 2019, this waiver was
absorbed into a larger targeted Medicaid expansion during the
2019 legislative session. The family planning waiver estimated
increased contraceptive coverage to approximately 11,200
low-income individuals in the state [32]. The broader targeted
expansion estimated that between 70,000 and 90,000 people
would have increased coverage, which would include family
planning services [33]. Finally, in January 2020, Medicaid was
further expanded in the state to meet federal eligibility guidelines
for individuals at or below 138% FPL.

However, theoretical access through coverage-related policy
change does not always translate to actual access. Opportunities
for successful policy implementation exist at both the individual
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and health systems level and include educating Utahns about
the new coverage options, enrolling eligible individuals,
assisting newly enrolled individuals in using health care services,
training providers on comprehensive method counseling and
provision, purchasing necessary devices and equipment for care,
and addressing increased demand within the clinic workflow.
These essential aspects were not included in the fiscal
appropriations of the expansion bill in 2019, nor in the expansion
of 2020. In addition, the expansion of coverage to 138% FPL
does not address contraceptive coverage for individuals who
are documented immigrants (eg, have visas or green cards) or
who are undocumented and ineligible for Medicaid.
Furthermore, many individuals who are eligible for coverage
through the Affordable Care Act marketplace struggle to pay
for health care, have high deductible plans, or no prescription
coverage. Research has demonstrated that the need for
subsidized contraceptive care continues to be critical for
individuals up to 250% FPL [33].

Family Planning Elevated (FPE) is a statewide contraceptive
initiative that was developed in part to support the
implementation of the evolving Medicaid policy and provide
evidence about additional state-specific opportunities to further
improve contraceptive availability, acceptability, accessibility,
and quality in Utah. This paper provides an overview of the
FPE Contraceptive Access Program (FPE CAP)—a subset of
the initiative specifically aimed at (1) strengthening clinic
capacity for expanded contraceptive service delivery to
individuals covered by the new Medicaid expansion (>138%
FPL) and (2) providing comprehensive no-cost contraceptive
care to individuals between 139% and 250% FPL.

Methods

Study Design
The primary purpose of this quasiexperimental study is to
determine whether the FPE CAP increased clinic provision of
contraceptive services to Medicaid-insured individuals at 0%
to 138% FPL and uninsured and underinsured individuals

between 139% and 50% FPL, compared with clinics that did
not receive the intervention program. A total of 9 health
organizations will be selected in 3 cohorts, spaced 6 months
apart, for a 2-year membership in the FPE CAP (February 2019
to February 2022) and will be matched in a 1:1 ratio to control
clinics within the state to compare contraceptive service
outcomes. The University of Utah Institutional Review Board
(#00117213) approved this study.

Participants in this study are health organizations that are
selected for membership within the FPE CAP. To be eligible
for FPE CAP membership, a clinic must (1) serve a patient
population that is at least 25% uninsured or underinsured; (2)
accept Medicaid; (3) primarily serve clients below 250% FPL;
and (4) be enrolled in, or eligible for, the federal 340B drug
pricing program. Selection priorities are given to health centers
in rural areas of Utah and those in counties with high unintended
birth rates and low health care coverage rates.

The criteria for matching control clinics in Utah include clinic
size (volume, estimated by the number of providers), a similar
proportion of uninsured and underinsured population served,
geographic denotation (urban, rural, and frontier), and
acceptance of Medicaid. Eligible controls are those that both
meet matching criteria and confirm that they do not intend to
apply for the FPE CAP but are willing to provide service
delivery data to the program as a control clinic. On selection of
intervention clinics, control clinics were identified and recruited.
Control clinics provide nominal compensation (US $100 per
month) for the provision of their data over the study period.

Clinics interested in participating in the FPE CAP apply for
membership in 1 of the 3 cohorts. In their applications, clinics
provide FPE a self-assessment of the availability and
accessibility of contraceptive methods in their individual
organizations (eg, whether they had certain methods available,
whether providers were trained on IUDs and implants, etc). On
selection, receive a multifaceted intervention that includes
several specific components (Table 1).
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Table 1. Overview of Family Planning Elevated Contraceptive Access Program activities and their alignment with theoretical aspects of family planning
care.

Theoretical aspects of contraceptive provision addressedFPE CAPa intervention activities

FPE CAP membership specifically targeting geographic areas with high
contraceptive need and low comprehensive contraceptive provision

• Increased geographic accessibility of comprehensive contraception
in rural and frontier areas

Cash grant to support clinic capacity to provide contraception (ie, staffing,
procurement of instruments and supplies)

• Improved availability of comprehensive contraception at clinics

No-cost contraception for all reversible methods of contraception for both
eligible individuals between 139% and 250% FPL and individuals between
0% and 250% FPL who are Medicaid ineligibleb

• Financial accessibility of comprehensive contraceptive methods

Provider and clinic training on contraceptive provision and contraceptive
counseling (eg. Contraceptive Education and Training conference, in-clinic
training, 1:1 proctoring)

• Increased availability of comprehensive methods, including
provider-dependent methods (eg, long-acting reversible contracep-
tives, vasectomy)

• Increased quality of family planning counseling and method pro-
vision in clinics

Tailored technical offerings to clinics, specific to requested areas of need (eg,
adolescent friendly services, proctoring on intrauterine devices and implants)

• Increased quality of family planning counseling and provision in
clinics

Tailored contraceptive social media campaigns specific to different commu-
nities, directing individuals to participating FPE CAP clinics

• Improved acceptability of comprehensive contraceptive methods
within specific communities

aFPE CAP: Family Planning Elevated Contraceptive Access Program.
bFPL: federal poverty level.

First, each FPE CAP member receives a cash grant up to US
$100,000 based on their budgeted need for equipment, supplies,
or supplemental staffing to expand service capacity. Provision
of provider-dependent methods such as IUDs and implants
requires specific equipment for insertion and removal, and many
clinics struggle with the initial cost of purchasing instruments,
examination tables, and sterilization equipment. The expected
increase in demand for health care services stemming from
Medicaid expansion may place additional burdens on already
busy clinics, and covering the initial costs of offering family
planning services can increase immediate clinic capacity.

Member clinics must be able to provide all reversible methods
of contraception to individuals between 139% and 250% FPL
(and Medicaid-ineligible individuals between 0% and 250%
FPL) at no cost to clients for the duration of the 2-year program,
and clients are able to switch methods or discontinue at any
time. To make this feasible, FPE CAP provides member clinics
with a continuous supply of long-acting methods, including
IUDs and implants, as these often have high upfront
procurement costs, even with 340B pricing or other purchasing
subsidization. In addition, FPE CAP reimburses clinics for all
reversible methods and contraceptive services (including
counseling, procedures, etc) at Medicaid rates. Clinics capable
of providing vasectomy receive Medicaid reimbursement for
that service as well. These reimbursements are meant to mimic
the experience of a Medicaid family planning waiver expansion
to 250% FPL or similar coverage expansion that could be
implemented at a policy level and demonstrate the existing
demand among this population. The FPE CAP tracks the supply
and provision of all methods using both monthly service delivery
data and monitoring data collected qualitatively in the quarterly
report calls with individual clinics.

The full patient care team from administrators to providers at
member clinics receives tailored education and training on a
variety of topics, including person-centered contraceptive
counseling, IUD and implant placement and removal, barriers,
fertility awareness–based methods, clinic workflow, billing,
coding, and other areas of need jointly identified by each clinic
and the program team. Clinic staff at all levels, including
front-desk staff and medical assistants, will be involved in
education and training to support the systems’ capacity for
contraceptive provision throughout the entire clinic. FPE CAP
members are asked to identify clinic champions at the provider,
medical assistant, and administrative levels to support the project
and to increase the likelihood of sustainability after the program
ends. Clinic providers who receive IUD and implant training
will also receive onsite proctoring and mentorship, clinical
assistance with complex cases, and additional specific training,
such as immediate postpartum insertions. Providers also have
access to an on-call nurse practitioner who specializes in family
planning care to support and troubleshoot any issues.

Finally, FPE CAP will develop demand generation activities
and community outreach tailored for each member clinic to
reduce unmet need for contraceptive services within the clinic
communities. These activities will occur after the FPE CAP
service intervention is successfully implemented within each
clinic to ensure that the clinic has the capacity to increase service
delivery while maintaining service quality.

Data Collection
To assess the primary outcomes, both intervention and control
clinics agree to provide monthly service delivery data from their
electronic health record systems to use for the program
evaluation, following a standardized form developed by FPE
(Multimedia Appendix 2). Clinics agree to provide data on (1)
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total clinic volume (men, women, and children); (2) all clinical
services (including noncontraceptive services) provided to
women aged 18 to 50 years each month (including International
Classification of Diseases, 10th Revision, codes, Evaluation
and Management codes, Healthcare Common Procedure Coding
System, and Current Procedural Terminology codes); and (3)
sociodemographic variables of interest for each visit, including
age, race, ethnicity, insurance status (private insurance,
Medicaid, FPE CAP, self-pay, and other), and provider type.
All clinics provide these data beginning from January 2018 to
12 months after their implementation period ends.

Other components of the FPE CAP intervention, including
education, training, and demand generation, will be captured
with subevaluations. These secondary analyses will assess
changes in both knowledge and self-efficacy among providers,
a media campaign evaluation, and a detailed process evaluation.
Clinic service delivery quality will be assessed through yearly
clinic visits by FPE staff and through periodic implementation
of client exit surveys of individuals who received contraceptive
services at member clinics. Additional subanalyses, including
comparisons between FPE CAP clinics, are also planned.

FPE also includes monitoring and process evaluation
components for the project, which assess aspects of adherence
to the program and track components of dose and frequency as
they relate to programmatic success. FPE’s process evaluation
uses the Consolidated Framework for Implementation Research
as the formal tool for assessment. Further information about
these components of the project has been reported elsewhere
[34]. Our publication on the Open Science Framework provides
an overview of all FPE monitoring and evaluation activities
[35].

Statistical Analyses
Primary outcomes of the program will be assessed using
comparative (intervention vs control), multiperiod (before,
during, and after), interrupted time series analyses (ITSAs)
[36,37]. ITSAs have increasingly been demonstrated to be
reliable assessments of community interventions and
implementation research, providing rigorous outcome
assessments in circumstances where randomized controlled
trials are infeasible [38,39]. For our purposes, our primary
outcomes are increase in total contraceptive services among
individuals between 139% and 250% FPL or who are
undocumented and increase in total contraceptive services
among individuals eligible for Medicaid. Total contraceptive
services refer to any contraceptive service (ie, counseling,
method provision, method removal, etc) that the clinic provides.

The 2 general approaches to ITSA are autoregressive integrated
moving-average models [40] and ordinary least squares (OLS)
models designed to adjust for autocorrelation [41]. We will use

an OLS model because it is often more flexible and broadly
applicable in an interrupted time series context than
autoregressive integrated moving-average models [42,43]. To
adjust for autocorrelation, we will fit an OLS model with
Newey-West standard errors, which assume the error structure
to be heteroskedastic and possibly autocorrelated up to some
lag [44]. After fitting our model, we will check if the number
of lags included in the model to account for autocorrelation was
correctly specified and adjust accordingly using the
Cumby-Huizinga general test for autocorrelation [45].

We conducted a Monte Carlo simulation to assess the power to
detect significant differences between intervention and control
clinics. Using initial, preintervention data from 9 identified
potential clinics, the 6-month average number of monthly
contraceptive service provision was 3, 28.4, 16.8, 16.9, 13.8,
23.2, 21.9, 16.4, and 5.4, with a mean of 16.2 (SD 8.1)
contraceptive services provided per month. We used this SD to
provide the correct amount of between-clinic variation in the
simulation, with the assumption that this same SD will apply
across all 3 periods (before, during, and postintervention) and
would be equal between the 2 groups. We assumed that the 2
groups would be equal in the preintervention period and would
have similar regression lines with a slope (background trend)
of a 0.25% increase in contraceptive service provision per
month. We assumed that this preintervention trend would
continue in the control group across the intervention and
postintervention periods, without interruption, and would be
represented by one regression line across the entire study period.
In the intervention group, we assumed an immediate jump
(interruption) of 12 (which is about a relative 75% increase
because the clinics now would have no-cost contraception to
offer eligible clients), followed by a greater slope, now 1% per
month in the intervention period (as providers and clinics would
show improvements in contraception counseling and method
availability). In the postintervention period, where no-cost
contraception would no longer be available to provide to the
clients, we assumed an immediate drop of 12 (losing the
immediate gain at the beginning of the intervention period).

Using a normal random number generator, we generated a
random data set based on our assumptions and performed the
ITSA. We ran the simulation 1000 times and saved the
significance determinations (P<.05). The mean of significance
determinations, which is identical to the proportion of samples
with statistical significance, is identical to the statistical power.
The findings from our simulation are presented in Table 2. The
Stata code for this power calculation, including notations around
our assumptions, is available on the Open Science Foundation
website [35]. All analyses were conducted using Stata version
15 or higher.
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Table 2. Monte Carlo simulation for Family Planning Elevated Contraceptive Access Program study power calculation.

Power (%)Estimate (absolute % difference)Comparison

11a0Preintervention period group difference in trend (slope)

>990.75Intervention period group difference in trend

86−1.25Postintervention period group difference in trend

8812Intervention period group difference in interruption (immediate effect of introducing intervention)

93−12Postintervention period group difference in interruption (immediate effect of stopping interven-
tion)

aNo difference assumed, so low power is expected.

Results

We found that the study was adequately powered (>80% power)
with our planned number of clinics and the number of months
of data available in the study. To date, we have successfully
completed the recruitment and enrollment of 8 of the expected
9 health organizations and 4 of the expected 9 control clinics.
Completion of health organization enrollment for both
intervention and control organizations is expected finish in
December 2020.

Discussion

Expanding family planning access through policy change is a
critical component of reducing unmet need for contraceptives.
However, changes to legislation require implementation support
to translate policy change into literal, on-the-ground access at
service delivery, community, and individual levels. Our
statewide FPE program to align service delivery capacity with
contraceptive policy is novel but is grounded in evidence-based
theory on existing barriers to contraceptive access.

Implementing such a program is not without challenges. First,
the program incorporates a diverse network of clinics, including
federally qualified health centers, private clinics, and city and
county clinics. Incorporating activities into multiple practices
with varied protocols, policies, and norms involves significantly
tailoring the intervention to meet individual clinic needs. For
example, participating FPE CAP members invoice the FPE CAP
for contraceptive services provided to eligible individuals, yet
clinics vary widely on billing practices and capacities. Thus,
reimbursement requires a tailored approach to education,
training, and follow-up of clinic administrative staff as well as
programmatic flexibility to accept and correctly interpret
program billing inputs provided variably.

In addition, clinic capacity varies widely among FPE CAP
members. In some participating clinics, all providers are already
trained to provide LARC methods, whereas in others, no or very
few providers have received training. Developing training
materials that identify priority foci that apply to the full care
team is important, as it meets the individual training needs of
clinics that require more assistance. For example, all clinics
receive training on evidence-based practices for contraceptive
counseling, reproductive justice, and implicit bias; however,
for practical skills, such as LARC insertion and removal, clinics
may receive more or less training and supportive supervision,
depending on experience levels. As such, education and training

approaches are essentially tiered, with basic education for all
clinics and then specialized education and training for those
clinics that require additional assistance.

Furthermore, FPE CAP is operating in a busy clinical
environment within member clinics that provide a wide range
of services in addition to contraceptive care. The program is
among a number of competing priorities for these clinics, which
provide high-volume care to low-income and marginalized
communities. The program is attempting to strike a balance
between reasonable intervention requirements and reducing the
burden of implementation in clinics. This has had a decisive
impact on many programmatic aspects, such as the amount and
type of data collection required, the number of educational
training required, the reporting requirements, and other
components of the intervention. Cognizance of initiative fatigue
as a component of intervention design is important to ensure
program participation, completion, and compliance.

In addition, there are data collection challenges inherent to
working across clinical electronic medical records (EMRs) and
systems as well as incorporating needed variables into clinical
practice. FPE CAP clinics and controls use various EMRs, each
of which has a different capacity to pull reports and variables
required for data collection. To address challenges in developing
a standardized report that meets study guidelines, our evaluation
team conducts in-person data meetings at the outset of
membership to help the intervention and control clinics develop
the report according to the program needs. There are also vast
differences in how organizations and providers document and
code clinical encounters. This will likely be a limitation in future
analyses, despite FPE CAP efforts to improve clinical coding
capacity by providing standardized training, visual aids, and
other materials to incentivize improved coding practices.

Finally, FPE CAP operates within a continuously changing
health policy landscape. The subsumption of the Medicaid
family planning waiver into the larger Medicaid expansion was
both a positive development for health care in Utah as well as
a challenge to the initiative. Rollout of the policy was delayed
while the new legislation was being finalized, requiring member
clinics to adopt variable patient eligibility parameters at the start
of the intervention, after the targeted Medicaid expansion was
approved, and once again after the full expansion took effect.
Additional changes may yet occur to state Medicaid, which is
currently being implemented with controversial components
that have not been previously approved by the federal
government, including work reporting requirements and per
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capita caps. As decisions around these policy components are
made and initially eligible individuals potentially lose coverage,

there may be additional changes to FPE CAP operations, as the
program strives to support individuals who fall in service gaps.
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Abstract

Background: Diabetes prevalence and incidence vary by neighborhood socioeconomic environment (NSEE) and geographic
region in the United States. Identifying modifiable community factors driving type 2 diabetes disparities is essential to inform
policy interventions that reduce the risk of type 2 diabetes.

Objective: This paper aims to describe the Diabetes Location, Environmental Attributes, and Disparities (LEAD) Network, a
group funded by the Centers for Disease Control and Prevention to apply harmonized epidemiologic approaches across unique
and geographically expansive data to identify community factors that contribute to type 2 diabetes risk.

Methods: The Diabetes LEAD Network is a collaboration of 3 study sites and a data coordinating center (Drexel University).
The Geisinger and Johns Hopkins University study population includes 578,485 individuals receiving primary care at Geisinger,
a health system serving a population representative of 37 counties in Pennsylvania. The New York University School of Medicine
study population is a baseline cohort of 6,082,146 veterans who do not have diabetes and are receiving primary care through
Veterans Affairs from every US county. The University of Alabama at Birmingham study population includes 11,199 participants
who did not have diabetes at baseline from the Reasons for Geographic and Racial Differences in Stroke (REGARDS) study, a
cohort study with oversampling of participants from the Stroke Belt region.

Results: The Network has established a shared set of aims: evaluate mediation of the association of the NSEE with type 2
diabetes onset, evaluate effect modification of the association of NSEE with type 2 diabetes onset, assess the differential item
functioning of community measures by geographic region and community type, and evaluate the impact of the spatial scale used
to measure community factors. The Network has developed standardized approaches for measurement.

Conclusions: The Network will provide insight into the community factors driving geographical disparities in type 2 diabetes
risk and disseminate findings to stakeholders, providing guidance on policies to ameliorate geographic disparities in type 2 diabetes
in the United States.
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Introduction

Background
An estimated 10.5% of the US population has diabetes, and
these 34 million individuals are at an increased risk for coronary
artery disease, cerebrovascular disease, and other complications
[1,2]. Approximately 90% to 95% of people with diabetes have
type 2 diabetes (T2D) [1]. Another 88 million individuals have
prediabetes, defined as having elevated glucose levels above
normal but below the threshold for diabetes, and are at elevated
risk of developing T2D [3,4]. Diabetes prevalence and incidence
vary substantially by geographic region [5-7]. In 2013, there
was a six-fold difference between counties with the lowest and
highest diabetes prevalence [6]. A large body of literature links
community and environmental factors (hereafter referred to as
community factors) to T2D and obesity, one of the risk factors
for T2D [8-15]; however, the mechanisms for these links remain
poorly understood. Moreover, there are inconsistencies in this
body of literature. Identifying the community factors driving
T2D disparities and the pathways through which these factors
influence T2D is essential to informing geographically targeted
policy interventions that reduce the risk of T2D and related
outcomes.

Researchers have identified consistent associations of
community-level socioeconomic factors (eg, community poverty
rate) with T2D prevalence and incidence. However, findings
related to aspects of the built (eg, food and physical activity
establishment environment, land use environment) and natural
environment (eg, greenness) and T2D risk have been less
uniform [9-19]. This may be due, in part, to methodologic
variations in measuring community factors, including differences
in spatial scales, data sources, and measurement approaches
[20].

Among the challenges to creating a cohesive body of research
is a lack of consistent approaches to conceptualizing and
operationalizing the geographic area in which community factors
are thought to be relevant to health [19-22]. Furthermore, the
size and boundaries of spatial scales most relevant to health
may vary according to community type (eg, across the gradient
from urban to rural). Community type is also an important
consideration in measurement development, as measurement
of the same community factors may require different approaches
[23]. For example, car ownership may be a basic necessity for
individuals living in rural areas but more of a luxury for
individuals living in urban areas with good public transportation
options. Thus, car ownership may work differently as an
indicator of the neighborhood socioeconomic environment
(NSEE) in urban versus rural areas [24]. This differential item
functioning may contribute to inconsistencies observed in the
literature as the same measure (eg, proportion who own a car)
could hold different meanings in different community types.

Community and health research is also vulnerable to structural
confounding, which occurs when individual and contextual
factors strongly predict residence in a certain community
[25,26]. In the presence of structural confounding, certain
measures, owing to social sorting, are largely nonoverlapping,
resulting in an inability to examine their independent influences
on the outcome of interest. For example, in some settings, the
distribution of persons across categories of the NSEE and racial
residential segregation may reveal a lack of comparable groups
across key strata, resulting in analytical challenges of
nonpositivity that prohibit causal contrasts across levels of
exposure [26]. Finally, capturing the complex interactions
among multiple community factors on health can be challenging
[27]. As a result, previous research has largely evaluated
co-occurring community factors in isolation.

Objectives
The increasing availability of longitudinal, individual-level data
from electronic health record (EHR) networks [28] and cohort
studies, coupled with advances in geographic information
systems (GISs), provides new opportunities to examine the
effects of community factors on health. In 2017, the Diabetes
LEAD (Location, Environmental Attributes, and Disparities)
Network was established to identify the contributions of
modifiable community factors on T2D risk. The Network
includes researchers from 4 academic institutions who
collaborate to address the methodological challenges previously
described to investigate a range of community factors across
the United States. The Network aims to guide policy decision
making to reduce the burden of T2D across the United States.
This paper aims to describe the Diabetes LEAD Network, its
study populations, and the methodologies used to investigate
the community factors that are associated with T2D onset and
related outcomes.

Methods

Network Overview
The Diabetes LEAD Network is a research collaboration of 4
academic centers: Drexel University, Geisinger and Johns
Hopkins University (G/JHU), New York University School of
Medicine (NYU), and the University of Alabama at Birmingham
(UAB). The Centers for Disease Control and Prevention (CDC)
funded the Network to bring together institutions with diverse
but complementary expertise and a rich array of data assets.
Three study sites—G/JHU, NYU, and UAB—use longitudinal
data, such as EHRs, administrative claims, and survey data on
distinct populations and geographies in the United States (Tables
1-3; Figures 1-3). Drexel, the data coordinating center (DCC),
is leading the development of a set of harmonized community
factors, health outcomes, and analysis plans (Tables 4 and 5)
that will be applied to each study site’s cohort and geography.
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Each site has its own set of study aims that examine community
factors and T2D outcomes, including T2D onset, obesity, and
other cardiometabolic conditions. Working collaboratively, the
study sites and the CDC also developed a shared set of aims

that complement site-specific aims (Textbox 1). We first
describe the shared Network aims and then describe the
site-specific aims.

Table 1. Diabetes Location, Environmental Attributes, and Disparities Network study site populations for Network-specific aims.

UABd (n=11,199)NYUc (n=6,082,246)Study site, G/JHUa (n=578,485b)

Study design

CohortCohorteNested case control and cohort

Source population

REGARDSg participants at baseline
(2003-2007; N=30,239)

All patients in the Veterans Affairs EHRf with
at least one primary care visit since 1999
(N=8,346,280)

All Geisinger patients (N=1,605,922)

Exclusion criteria (sample size excluded)

Participants without a second visit (2013-
2016; n=14,089)

Patients with <2 primary care visits at least 30
days apart during the 5 years (before January 1,
2008; n=4,270,462)

Patients with <2 primary care visitsh (January 1,
2006 - December 31, 2016; n=970,785)

Participants with diabetesi at baseline
(n=2729) or missing diabetes status at
baseline (n=521; combined, n=3250)

Patients with diabetesi before or on January 1,
2008 (n=1,049,423)

Patients with a residential address outside of one
of the 37 counties in the Geisinger primary service
area (n=56,652)

Participants missing diabetes status at
second visit (n=1580)

N/AN/Aj

Unable to assign census tract using

RECVDk data set (n=121)

N/AN/A

aG/JHU: Geisinger and Johns Hopkins University.
bStudy population will vary based on study design (ie, nested case control or cohort).
cNYU: New York University.
dUAB: University of Alabama at Birmingham.
eThese numbers reflect only those entering the cohort on inception date (January 1, 2008). The dynamic cohort allowed patients to enter the cohort
through December 31, 2016 (n=3,113,391). Total cohort population was 6,082,246.
fEHR: electronic health record.
gREGARDS: Reasons for Geographic and Racial Differences in Stroke study.
hIncludes internal medicine, family medicine, pediatrics, and obstetrics or gynecology.
iSee Table 5 for type 2 diabetes definitions.
jN/A: not applicable.
kRECVD: Retail Environment and Cardiovascular Disease.

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e21377 | p.460http://www.researchprotocols.org/2020/10/e21377/
(page number not for citation purposes)

Hirsch et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 2. Location, Environmental Attributes, and Disparities Network study population characteristics by site.

UABcNYUbG/JHUaCharacteristics

11,1996,082,246578,485Study population, n

Sex, n (%)

4946 (44.16)5,578,056 (91.71)254,218 (43.94)Male

6253 (55.83)504,020 (8.28)324,267 (56.05)Female

Age (years), n (%)d

0 (0)0 (0)132,341 (22.87)<18

0 (0)450,504 (7.40)92,458 (15.98)18-29

0 (0)550,910 (9.05)67,185 (11.61)30-39

649 (5.79)753,811 (12.39)67,996 (11.75)40-49

3445 (30.76)1,168,452 (19.21)74,641 (12.90)50-59

4547 (40.60)1,566,257 (25.75)63,946 (11.05)60-69

2558 (22.84)1,592,179 (26.17)79,918 (13.81)≥70

Race, n (%)

3672 (32.78)920,596 (15.13)23,302 (4.02)Black

0 (0)56,928 (0.93)655 (0.11)American Indian or Alaska Native

0 (0)58,555 (0.96)4616 (0.79)Asian

0 (0)60,441 (0.99)2746 (0.47)Native Hawaiian or other Pacific Islander

7527 (67.21)4,411,233 (72.52)542,128 (93.71)White

Ethnicity, n (%)

0 (0)331,376 (5.44)25,274 (4.36)Hispanic

11,199 (100.00)5,750,870 (94.55)553,211 (95.63)Non-Hispanic

Setting of residential address, n (%)

1809 (16.15)688,488 (11.31)48,374 (8.36)Higher density urbanized area

4524 (40.39)2,139,912 (35.18)76,301 (13.18)Lower density urbanized area

2644 (23.60)1,328,278 (21.83)178,548 (30.86)Suburban and small town (UC)e

2222 (19.84)1,781,743 (29.29)275, 272 (47.58)Rural

1408 (12.57)936,627 (15.39)64,214 (11.10)Diagnosed with type 2 diabetes by the end of the follow-up period, n (%)f

aG/JHU: Geisinger and Johns Hopkins University.
bNYU: New York University.
cUAB: University of Alabama at Birmingham.
dG/JHU: age as of date of the data pull (2016); NYU: age calculated by subtracting year of birth from cohort entry year; UAB: age at baseline.
eUC: urban cluster
fSee Table 5 for diabetes definitions. G/JHU: 2008 to 2016; NYU: 2008 to 2016; UAB: 2003 to 2016.
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Table 3. Location, Environmental Attributes, and Disparities Network individual-level data elements available by study site for Network aims.

UABd,eNYUcG/JHUa,bData elements

Individual-level data

YesYesYesDemographic data (yes/no)

LongitudinalLongitudinalMost recent onlyResidential address data

LongitudinalLongitudinalLongitudinalSocioeconomic data

Health-related data

LongitudinalLongitudinalLongitudinalBMI

LongitudinalLongitudinalLongitudinalVital signs (eg, blood pressure)

LongitudinalLongitudinalLongitudinalDiagnoses

LongitudinalfLongitudinalLongitudinalTreatment

HbA1c
h available on subset onlyiEHR laboratory dataEHRg laboratory dataBiomarkers (type)

aG/JHU: Geisinger and Johns Hopkins University.
bIncludes only data in the EHR-based study. See Multimedia Appendix 1 for additional data collected in the primary data collection study.
cNYU: New York University School of Medicine.
dUAB: University of Alabama at Birmingham.
eLongitudinal data are available at 2 time points—baseline (2003-2007) and second in-home exam (2013-2016).
fAdjudicated (confirmed by review of medical records) coronary heart disease, stroke, end-stage renal disease, and death available throughout follow-up.
gEHR: electronic health record.
hHbA1c: glycated hemoglobin.
in=2694 at baseline and n=2527 at follow-up examination.
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Figure 1. Geographic coverage of Pennsylvania in the Geisinger and Johns Hopkins University study population: participants in each site by census
tract. G/JHU: Geisinger and Johns Hopkins University.
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Figure 2. Geographic coverage of the New York University study population: participants in each site by census tract. NYU: New York University.

Figure 3. Geographic coverage of the University of Alabama at Birmingham study population in the Stroke Belt region and surrounding states:
participants in each site by census tract. Participants are from all 48 contiguous states. The map reflects the Stroke Belt region and surrounding states.
UAB: University of Alabama at Birmingham.
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Table 4. Community and environmental domains for Network-wide aims.

DescriptionSpatial scaleData source and yearsDomain

Area-level index derived from a z-score sum of
indicators of the community’s social and econom-
ic characteristics [29]: percentage of males and
females with less than a high school education,
percentage of males and females unemployed,
percentage of households earning less than US
$30,000 per year, percentage of households in
poverty, percentage of households on public assis-
tance, and percentage of households with no cars

Census tractUS Decennial Census and American Community
Survey (5-year estimates; 2000, 2010, 2006-
2010, and 2008-2012)

Neighborhood socioeco-
nomic environment

Area-level absolute and relative measures: density
of supermarkets (including medium-sized grocers)
and fast food restaurants (per square kilometer),
ratio of supermarkets to all food stores, and ratio
of fast food restaurants to all restaurants and eating
places

Network buffer
around the popula-
tion-weighted centroid
of census tracts

RECVDa Geocoded Business Level Data set,

derived from NETSb (1997-2014)

Food establishment en-
vironment

Area-level density of physical activity venues per
square kilometer (eg, gyms, membership sports
and recreation clubs, athletic organizations)

Network buffer
around the popula-
tion-weighted centroid
of census tracts

RECVD Geocoded Business Level Data set,

derived from NETSb (1997-2014)

Physical fitness estab-
lishment environment

Area-level index derived from a z-score sum of 7
indicators: average block length, average block
size, intersection density, street connectivity,
density of walkable establishments per square
mile, percent developed land, and household
density per square mile

Census tractRECVD National Land Cover Database, ESRI
StreetMap, RECVD NETS, US Decennial Cen-
sus (2006, 2009, and 2010)

Land use environment

Spatial access to parks measured by population-
weighted distance to the 7 closest parks from the
census tract’s population-weighted centroid
[30,31]

Census tractCDC’sc Division of Population Health, National
Center for Chronic Disease Prevention and
Health Promotion. Derived from the Homeland
Security Infrastructure Program Gold 2011

databased, Environmental Systems Research
Institute Arc Geographic Information System
(ESRI ArcGIS) 10.1 Data DVD 2010

Leisure-time physical
activity environment

aDrexel University Urban Health Collaborative. The Retail Environment and Cardiovascular Disease (RECVD) Project.
bNational Establishment Time-Series (NETS) database.
cCDC: Centers for Disease Control and Prevention.
dThe Homeland Infrastructure Foundation-level Data Working Group NAVTEQ from Homeland Security Infrastructure Program Gold 2011 Database.
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Table 5. Definition of type 2 diabetes.

ExclusionsMedication ordersbLaboratory measuresaDiagnoses codesStudy site

≥10 years of T1Df diagnoses and <5 years

of T2Dg diagnoses or first diabetes code
before 10 years of age or only meet criteria
during pregnancy

≥1 T2D medication
order

≥1 elevated HbA1c
e or glu-

cose measure and ≥1 diagno-
sis code for T2D

ICDc-9, ICD-10, or

EDGd code for T2D on
two separate dates

Geisinger and Johns
Hopkins University

N/Ah≥1 T2D medication
order

≥2 elevated HbA1c or glu-
cose measure and ≥1 diagno-
sis code for T2D

ICD-9 or ICD-10 code
for T2D on two separate
dates

New York University
School of Medicine

N/ASelf-report of T2D
medication

Elevated glucose measure at
study visit

N/AUniversity of Alabama

at Birminghami

aHbA1c≥6.5%, random glucose≥200 mg/dl, and fasting glucose≥126 mg/dl.
bExcluding Metformin and Acarbose: Reasons for Geographic and Racial Differences in Stroke project.
cICD: International Classification of Diseases.
dEDG: Epic Diagnostic code Groupers.
eHbA1c: glycated hemoglobin.
fT1D: type 1 diabetes.
gT2D: type 2 diabetes.
hN/A: not applicable.
iFrom the Reasons for Geographic and Racial Differences in Stroke Study.

Textbox 1. Site-specific aims.

Geisinger and Johns Hopkins University:

• To evaluate associations of chronic environmental contamination [30] (eg, abandoned coal mine lands); the food environment; the physical
activity environment; land use environment, the natural environment (eg, greenness); community type (eg, urban/rural); and community
socioeconomic deprivation (CSD) with type 2 diabetes (T2D) onset and control and coronary heart disease (CHD) onset within communities.

• To evaluate mediating pathways (eg, food, physical activity environment) between the neighborhood socioeconomic environment and T2D onset
(through LEAD Network Aim 1).

• To evaluate mediating pathways (eg, stress, health behaviors) between community factors and T2D control among 1000 individuals with T2D
living in 40 communities.

• To evaluate potential effect modification by key individual (eg, age, Medical Assistance) and community factors (eg, CSD) of relations between
community factors and T2D and CHD within communities.

New York University School of Medicine:

• Using public-use data sources, determine independent and joint association between novel community measures and county-level prevalence of
outcomes (diabetes, obesity, and diabetes-obesity prevalence discordance profile), controlling for other county measures (eg, population density,
socioeconomic status, and demographic distributions).

• Measure the impact of modifiable community characteristics such as food and housing environments on (a) risk of a new T2D diagnosis or (b)

being obese (BMI≥30 kg/m2) in a large cohort of Veterans Affairs patients, adjusting for community and individual-level covariates in multilevel
regression models.

• Use mediation analysis to examine mediating pathways between modifiable community contexts and T2D.

University of Alabama at Birmingham:

• To determine the association of community-level social determinants of health with the prevalence and incidence of T2D and hypertension,
separately.

• To determine if pharmacologic treatment patterns and hospitalization rates vary by community-level social determinants of health for those with
T2D and hypertension, separately.

• To determine if awareness and treatment of T2D and risk of cardiovascular complications varies by community-level and individual-level social
determinants of health.
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Network Aims
The Network aims to evaluate the association of community
factors and T2D outcomes (aims 1 and 2) and to evaluate and
address the previously described methodological challenges of
community and health research (aims 3 and 4):

1. Evaluate the mediation of the association of NSEE with
new-onset T2D. This aim reflects a conceptual framework
(Figure 4) that proposes that NSEE influences T2D onset
through other community pathways, including the food,

physical activity (fitness and leisure) environments, and
exposure to fine particulate matter (≤2.5 µ, particulate
matter2.5).

2. Define and test effect modifiers (eg, age, sex, race) of the
association of NSEE with new-onset T2D.

3. Assess the differential item functioning of community
measures by geographic region and community type.

4. Evaluate the impact of the spatial scale used to measure
community factors (eg, buffer, census tract, county) on
associations with new-onset T2D.

Figure 4. Conceptual framework for mediation of the association between neighborhood socioeconomic environment and type 2 diabetes: food
environment as an example mediator.

Network Populations and Geographic Coverage
The Diabetes LEAD Network draws from individuals living in
all 50 US states (Figures 1-3). The G/JHU participants were
selected from among 1.6 million individuals in the Geisinger
EHR, spanning 37 counties in central and northeastern
Pennsylvania (Table 1). The G/JHU participants range in age
from 10 to 97 years, are predominately White (542,128/578,458,
93.71%) and non-Hispanic (553,211/578,458, 95.66%),
reflecting the region’s population [32]. More than 40% of
G/JHU participants reside in areas that the US Census Bureau
categorizes as rural. The NYU population of veterans spans all
US counties. NYU assembled a baseline cohort of veterans who
do not have diabetes (n=6,082,246) and are receiving primary
care through Veterans Affairs. Veterans are mostly male
(5,578,056/6,082,246, 91.71%) and predominantly White
(4,411,233/6,082,246, 72.53%) followed by Black
(920,596/6,082,246, 15.14%).

These demographic groups are represented by large sample
sizes. The UAB population includes participants from the

Reasons for Geographic and Racial Differences in Stroke
(REGARDS) study cohort [33]. At baseline (2003-2007), the
REGARDS study enrolled 30,239 non-Hispanic Black and
non-Hispanic White adults aged 45 years and older with
oversampling of participants from the Stroke Belt region
(Alabama, Arkansas, Georgia, Louisiana, Mississippi, North
Carolina, South Carolina, and Tennessee) [34]. To assess T2D
onset, participants without T2D at baseline and who completed
the follow-up in-home examination (n=11,199) will be
evaluated. Patients were not invited to comment on the cohort
development or study design.

Network Data Sources and Measurement
The DCC is leading the development of harmonized,
Network-wide approaches to measuring community factors of
interest and T2D outcomes. To develop measures of community
factors (Table 4), the DCC is using archival data available at
the national level, including publicly available data (eg, US
Census) and data elements previously created for the Retail
Environment and Cardiovascular Disease (RECVD) study. The
RECVD study has longitudinal measures of food, fitness, and
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social establishments based on the National Establishment Time
Series (NETS), a data source that includes information on more
than 58 million US business establishments from 1990 to 2014.
For each community factor, the DCC has partnered with a study
site with relevant expertise to make decisions regarding data
sources, spatial scale, exposure assignment, and approach to
measurement.

The DCC is applying a range of measurement techniques to
define community factors, including data reduction and
measurement models. Measurement development is stratified
by community type at the census tract level using a modification
of the Rural-Urban Commuting Area (RUCA) from the US
Department of Agriculture developed by the Network [35].
After collapsing the original 10 RUCA categories into 3, the
DCC further divided census tracts within urbanized areas into
2 categories based on land area, resulting in 4 community-type
categories that reflect distinct typologies along the rural-urban
continuum.

To the extent possible, the Network is harmonizing approaches
to measure T2D onset (Table 5) and diabetes-related outcomes.
G/JHU and NYU have worked together to develop EHR-based
algorithms based on their previous work [36,37] and diagnosis
criteria from the American Diabetes Association [38], using a
combination of diagnosis codes, medications, and laboratory
measures. With coordination from the DCC, the sites are also
standardizing approaches to measure potential confounders,
mediators, and effect modifiers.

Network Analyses
For each Network-wide aim, the study sites will conduct
analyses among their study populations based on a common
analytic plan. The DCC is coordinating the development of the
analytic plan, harmonizing analytical approaches, including the
selection of confounding, mediating, and modifying variables
of interest, model building, and model diagnostics. Sites will
conduct site-specific sensitivity analyses that include relevant
data elements that may not be available Network-wide. This
approach allows us to examine consistency in results while
leveraging the unique data available at individual sites.

For aims 1 and 2, the Network will employ methods to account
for group-level and individual-level data, including multilevel
models, Bayesian approaches, and generalized estimating
equation models. The Network will conduct causal mediation
analysis for aim 1 [39]. For aim 2, we will evaluate effect
modification through the inference of interaction terms, creating
cross-products between our contextual domains of interest and
a predetermined set of individual- and community-level
variables, such as age, sex, and race. To guide model
development for these aims, sites are developing causal diagrams
to formulate and test theoretically based pathways, identify
potential confounding influences, and account for potential
interaction between measures (Figure 4) [40,41]. To assess
spatial residual autocorrelation, the Network will calculate I
statistics by Moran (local and global) [42] and use modeling
approaches that account for spatial residual autocorrelation, if
needed. The Network will conduct sensitivity analyses to
evaluate how approaches to measurement of outcomes and
community factors impact observed associations.

For aim 3, the Network is exploring strategies to evaluate and
address nonpositivity, including propensity scores [43],
stratification by community type for all analyses, and latent
profile analysis to evaluate community typology [44]. For aim
4, we are evaluating community factors at multiple spatial scales
(eg, census tract, network buffer around population-centroid).
We will compare the associations of community factors
measured at different scales with T2D to assess the influence
of the modifiable areal unit problem [21]. The study sites also
have site-specific aims, as described below.

Site Descriptions

Geisinger and Johns Hopkins University
The Environmental Health Institute, a joint collaboration
between Geisinger, Johns Hopkins Bloomberg School of Public
Health, and Johns Hopkins School of Medicine, is evaluating
the influence of community factors on T2D onset and control
and cardiometabolic outcomes in Pennsylvania (Textbox 1)
using a combination of primary and secondary data collection.
The team is conducting the study among patients from
Geisinger, a health system serving 1.6 million patients in central
and northeastern Pennsylvania. To be eligible for study,
individuals had to reside in one of 37 counties in Geisinger’s
service area and have at least two Geisinger primary care visits
from 2006 to 2016 (Table 1). The Geisinger primary care patient
population represents the age, sex, and racial and ethnic
distribution of the general population of the region [32]. The
region’s population is residentially stable, with an annual
out-migration rate of approximately 1% in all but two counties
according to US Census Bureau data.

G/JHU is evaluating the main effects of 8 community factors:
NSEE, food environment, fitness environment, leisure-time
physical activity environment, land use environment, greenness,
blue space (aquatic environments such as coasts, lakes, and
rivers), and chronic environmental contamination [45]. G/JHU
has previously reported associations between these factors and
obesity and glycated hemoglobin (HbA1c) [46-51]. G/JHU is
using data from publicly available sources (eg, US Census,
American Community Survey [ACS], Moderate Resolution
Imaging Spectroradiometer from the National Aeronautics and
Space Administration’s Terra satellite, Pennsylvania Department
of Transportation, TeleAtlas) and commercial data to generate
measures for these factors. For the Network aims, the team is
working with the DCC to guide decisions on the land use and
physical fitness environment measures.

For site-specific aims, G/JHU outcomes include T2D onset,
T2D control, and cardiometabolic outcomes (Textbox 1). G/JHU
is conducting 2 types of studies to evaluate the associations
between community factors and T2D outcomes and mediation
and moderation of these associations. EHR-based analyses will
be used for both Network- and site-specific aims. A primary
data collection study will be used for additional site-specific
aims, as much of the data collected in this study will be uniquely
available at the G/JHU site (Multimedia Appendix 1).

G/JHU is using a mix of nested case-control and retrospective
cohort study designs to achieve site-specific aims, using logistic
and linear regression as appropriate. To account for correlation
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due to both place and space, G/JHU is using generalized
estimating equations and multilevel modeling. To examine
mediators of the association between NSEE and T2D onset
(Network Aim 1), Geisinger will apply a nested case-control
design and formal mediation models that include T2D onset
cases (n=15,888) matched to controls (n=79,435) on age, sex,
and year of encounter.

New York University School of Medicine
Investigators at NYU are examining the relationship between
modifiable community factors and risk for T2D and obesity
using a retrospective cohort assembled through EHR data from
the Veterans Affairs Corporate Data Warehouse, a national
repository of clinical and administrative data. The 2 primary
exposures of interest are the food and housing environments.
The assembled cohort includes more than 6 million veteran
patients who were diabetes-free upon entry into the cohort from
2008 to 2016. Entry eligibility includes 2 primary care visits
with no indication of diabetes within the 5 years before cohort
entry, with at least two follow-up visits at least 30 days apart
during the study period (2008-2018). The population has a
well-documented high incidence of diabetes [36], providing
adequate variation in contexts and outcomes to examine
community factors in relation to T2D incidence.

For site-specific analyses, NYU’s primary community factors
of interest are the food and housing environments. Food
environment metrics include 2 absolute measures and 2 relative
measures created from the RECVD data (Table 4). The NYU
team also has store-level Nielsen Retail Scanner data from 2006
to 2014, which will be used to examine potential mechanistic
pathways, including whether risks associated with living in
select food environments are partially mediated through per
capita sales of sugar-sweetened beverages. The NYU team is
guiding Network decisions on the food environment measure
development and harmonization, in collaboration with the DCC.
They are also engaging in site-specific analyses to examine the
influence of housing affordability per ACS and Veterans Affairs
data on T2D risk.

NYU study outcomes include diabetes incidence and control
as well as obesity prevalence and incidence. Outcome data are
extracted from EHRs, capturing demographic, clinical, and
utilization data. To ensure participants in the cohort do not have
diabetes at cohort entry, individuals with any diabetes (type 1
or type 2) International Classification of Disease version 9 or
10 (ICD-9/10) code or elevated HbA1c at enrollment are
excluded. Time-to-event analyses (Cox proportional hazards
models with frailty to account for clustering within a
community) will be used to examine the main effects of the
food environment on T2D risk and its role in mediating the
association between NSEE and T2D risk. Person-time is
calculated as the date of a censoring event (diabetes diagnosis,
death, loss to follow-up, or end of study period) minus the date
of cohort entry. The date of death is obtained from the Veterans
Affairs Vital Status and Beneficiary Identification Records
Locator. Loss-to-follow-up is defined as no Veterans Affairs
encounter for more than 2 years but patients can re-enter the
cohort if they meet entry criteria again.

University of Alabama at Birmingham
The UAB site is investigating the association of NSEE with a
greater burden of T2D and cardiovascular risk, particularly in
southeastern United States. To address site-specific and
Network-wide research questions, UAB is leveraging resources
from the REGARDS study [33]. The REGARDS study is a
longitudinal, population-based closed cohort study of 30,239
adults aged 45 years and older at baseline (2003-2007), designed
to identify factors associated with higher stroke mortality. The
study was designed to oversample non-Hispanic Black adults
and residents of the Stroke Belt region, with 56% of the sample
selected from the Stroke Belt and the remaining 44% selected
from the other 40 contiguous states. Demographics, medical
history, and lifestyle factors were assessed at baseline and an
in-home physical exam was performed with blood and urine
collection. Follow-up is ongoing every 6 months to assess vital
status and hospitalizations and obtain medical records for
adjudication of possible cardiovascular events. A second
in-home physical exam was completed between 2013 and 2016.

For site-specific analyses, the primary exposure includes the
NSEE as assessed using principal component analysis for
measures of community-level income or wealth, education,
housing, health systems or services, employment, social
environment, and physical environment. The data to assess these
characteristics include both publicly available databases (eg,
US Census) and commercial databases (eg, Dun & Bradstreet).
The primary outcomes are incident T2D and cardiovascular
outcomes. Incident T2D will be assessed among 11,199
REGARDS study participants without prevalent T2D at baseline
and who completed the follow-up in-home physical exam during
which objective measurements (eg, glucose, use of medications)
were collected (Table 2). Cardiovascular outcomes include
hypertension (ie, mean blood pressure140/90 mm Hg or use of
hypertension medications) and expert adjudicated clinical events
(ie, coronary heart disease, stroke).

Separate from the analysis of the REGARDS study data, UAB
will utilize Medicare administrative claims data to investigate
the association of NSEE with T2D and hypertension incidence.
These data consist of several federal health care insurance
programs that cover adults aged 65 years and older and younger
individuals who are disabled or have end-stage renal disease.
Broadly, Medicare Part A covers hospital services, Medicare
Part B covers outpatient and physician services, and Medicare
Part D covers prescription drugs. UAB will use the 5% random
sample of Medicare claims data available from 1999 to 2015
to investigate community-level determinants of T2D incidence,
diabetes hospitalizations, and treatment patterns. An overview
of the Medicare sample population and diabetes definitions used
for site-specific analyses is provided in Multimedia Appendix
2. Statistical approaches include generalized linear models and
spatial generalized linear mixed models.

Drexel Data Coordinating Center
The Drexel DCC provides the study sites with project
coordination and statistical support, including advanced
methodological and analytic approaches to data analyses driven
by the Network aims and heterogeneous data from each study
site. The expertise needed for this work is reflected in the
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backgrounds of DCC team members, including biostatisticians
and epidemiologists from the Dornsife School of Public Health
and the Drexel Urban Health Collaborative (UHC), postdoctoral
fellows, doctoral-level biostatistics students, data analysts and
managers, and GIS experts. Through exploratory analytic work,
including principal component analysis, exploratory factor
analysis, GIS analysis and mapping, and correlation analysis
of contextual indices against individual variables, the DCC
supports the Network’s collective decision making around
defining exposure metrics for addressing Network aims. The
relationship with the UHC also allows for access to data from
RECVD and other sources; provides support for GIS methods,
data distribution, and storage; and provides access to data
engineering experts. Furthermore, the UHC has a Policy and
Outreach Core, which helps provide guidance on disseminating
LEAD Network findings.

Results

The Network has developed metrics for the community factors
of interest: NSEE, food establishment, physical fitness
establishment, leisure-time physical activity, and land use
environments (Table 4). The Network has created these
measures using data that are consistently available and
contextually applicable to all geographies in the contiguous
United States. This underscores the importance of the Network’s
development of a method for categorizing community types for
stratified evaluation of community factors with T2D onset. With
harmonized measures, the Network is poised to compare
findings across the varying study sites.

The Network has reported findings based on work from the
initial years of funding. Preliminary results have been presented
at annual meetings of the Society for Epidemiologic Research,
the American Diabetes Association, and the American Public
Health Association [52,53]. The Network recently published a
paper describing county-level determinants of diabetes status
in the United States from 2003 to 2012 [54]. The NYU team
published a paper describing the impact of changes in the built
and social environment on BMI in US counties using data from
the Behavioral Risk Factor Surveillance System [13]. Additional
manuscripts are in press or in development.

Discussion

Strengths and Limitations
The Diabetes LEAD Network leverages a breadth of expertise
and data to advance knowledge regarding modifiable community
risk factors for T2D onset and related outcomes. The Network
brings strengths to its collective mission to provide scientific
evidence for targeted interventions and policies. First, the sites
provide the Network with community data sources that
collectively ensure widespread geographic coverage and
variation of community types across a rural-to-urban spectrum.
It was of particular importance to ensure representation by rural
communities, since CDC reports that diabetes is 17% more
prevalent in rural than urban areas [55]. Furthermore,
understanding the association between community and health
requires the assessment of a heterogeneous set of communities
[12,56]. Each of the study sites contributes unique data sources

to achieve this goal. The NYU cohort spans the nation, the UAB
REGARDS study cohort offers a national study with in-depth
data from a high-risk region (Stroke Belt), and the G/JHU
population is a regionally representative sample with high rural
representation and primary data collection.

A second contribution of the Network is the development of
measures of 6 community factors (Table 4) to be examined
across diverse geographies and community types. These
measures are being developed with consideration of community
types, examining community factors within strata of different
community types defined along a rural-urban spectrum to avoid
potential differential item functioning and nonpositivity [23].
In addition, Network investigators are examining individual
and joint associations to better understand how these community
factors work in concert to contribute to excess T2D risk. With
access to individuals’ residential and commercial addresses, the
Network is evaluating spatial scales of various types and sizes
to better understand the impact of scale on the findings.

Third, the range of expertise across institutions allows the
Network to address methodological challenges common to
community and health research [20]. In addition, the Network
is advancing methods for conducting research on the role of
community and health using data obtained from EHR systems,
including extracting historical residential addresses to allow for
time-varying exposure estimation. Finally, the Network is
harmonizing community factor definitions and analytical
approaches to facilitate comparable analyses and replicating
analyses across 3 different study populations. This effort to
harmonize approaches across multiple settings and populations
will advance both the field of community and health research
and generate data needed to guide evidence-based policies for
T2D prevention in the United States.

There are some limitations to the Diabetes LEAD Network
research portfolio. First, although access to longitudinal data
will mitigate issues of temporality, the available data do not
allow for investigation of early life exposures (eg, childhood)
that may influence T2D risk [57]. Second, while the diversity
of populations and geographies across the study sites is
advantageous to expand the generalizability of findings and
include previously underrepresented settings (ie, rural), it
complicates comparison of results across sites. However, by
harmonizing measurement and analytical approaches the
Network will be well positioned to pinpoint reasons for any
potential conflicting results that arise. Finally, despite employing
advanced analytic approaches, the studies are all observational
in design; thus, they are potentially constrained with respect to
causal inference due to the risk of residual confounding and
neighborhood self-selection [58,59]. The Network will consider
methodological approaches such as propensity scores to address
this limitation [43].

Conclusions
T2D is a leading cause of morbidity in the United States, with
select populations, often defined by geography, affected by a
disproportionate burden of disease. The Diabetes LEAD
Network identifies modifiable community factors that influence
geographic disparities in T2D risk across diverse communities
and identifies policy levers to ameliorate these disparities.
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CDC: Centers for Disease Control and Prevention
CHD: coronary heart disease
CSD: community socioeconomic deprivation
DCC: data coordinating center
EDG: Epic Diagnostic code Groupers
EHR: electronic health record
GIS: geographic information systems
ICD: International Classification of Diseases.
LEAD: Location, Environmental Attributes, and Disparities
NETS: National Establishment Time Series
NSEE: neighbourhood socioeconomic environment
RECVD: Retail Environment and Cardiovascular Disease
REGARDS: Reasons for Geographic and Racial Differences in Stroke
RUCA: Rural-Urban Commuting Area
T2D: type 2 diabetes
UHC: Urban Health Collaborative
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Abstract

Background: Approximately 90% of currently published clinical and public health research is in the form of observational
studies. Having a detailed and registered study protocol prior to data collection is important in any empirical study. Without this,
there is no reliable way to assess the occurrence of publication bias, outcome reporting bias, and other protocol deviations.
However, there is currently no solid guidance available on the information that a protocol for an observational study should
contain.

Objective: The aim of this study is to formulate the Standardized Protocol Items Recommendations for Observational Studies
(SPIROS) reporting guidelines, which focus on 3 main study designs of analytical epidemiology: cohort, case-control, and
cross-sectional studies.

Methods: A scoping review of published protocol papers of observational studies in epidemiology will identify candidate items
for the SPIROS reporting guidelines. The list of items will be extended with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) checklist items and recommendations from the SPIROS steering committee. This long list
serves as the basis for a 2-round Delphi survey among experts to obtain consensus on which items to include. Each candidate
item from the long list will be rated on a 5-point Likert scale to assess relevance for inclusion in the SPIROS reporting guidelines.
Following the Delphi survey, an expert-driven consensus workshop will be convened to finalize the reporting guidelines.

Results: A scoping review of published observational study protocols has been completed, with 59 candidate items identified
for inclusion into the Delphi survey, itself launched in early 2020.

Conclusions: This project aims to improve the timeliness, completeness, and clarity of study protocols of observational studies
in analytical epidemiology by producing expert-based recommendations of items to be addressed. These reporting guidelines
will facilitate and encourage researchers to prepare and register study protocols of sufficient quality prior to data collection in
order to improve the transparency, reproducibility, and quality of observational studies.
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Introduction

The protocol of any empirical study offers the researcher
practical guidance in data collection, analysis, and reporting. It
also forms the basis for subsequent replication of the study and
detection of publication bias, outcome reporting bias, and other
protocol deviations. A well-formulated study protocol uploaded
prior to data collection through a time-stamped registry will
allow a robust audit trail. This improves the chances that the
study is appropriately planned, executed, and well documented,
thus promoting optimal conduct, accountability, replicability,
and overall research integrity. In summary, ensuring a high level
of transparency in the research planning phase facilitates
replicability of the study and fosters good research practices
[1,2].

Although the value of registered study protocols and reporting
guidelines on how to write them are widely recognized in the
field of randomized control trials (RCTs) [3-5], reporting
guidelines for study protocols of observational studies in
analytical epidemiology (cohort, case-control studies, and
cross-sectional studies) are currently absent. In many situations,
observational studies may be the best or at least the only feasible
way to answer important medical and public health questions
in scenarios where RCTs are not possible for practical and
ethical reasons. Therefore, the same rigorous standards that
apply to RCTs must be maintained for observational studies.

An estimated 90% of currently published clinical or public
health–related research is in the form of observational studies
[6]. In particular, most research focusing on understanding
causes and distribution of diseases relies on cohort, case-control,
or cross-sectional studies. Additionally, a substantial body of
evidence for diagnostic or prognostic research takes the form
of observational studies. The absence of reporting guidelines
on how to write these study protocols is problematic, as by
design, observational studies have a nonnegligible risk of bias
[7]. The risk of bias has been well recognized in experimental
research, where guidelines for the development of RCT
protocols are well established [1]. Additionally, large
observational data sets without any statistical analysis plan
readily allow data-driven post hoc analyses, leading to an
exceedingly large number of potential associations that can be
tested [8,9]. In such situations of multiple comparisons, there
is increased likelihood of type I error and “p-hacking” by doing
multiple statistical tests on the data and only reporting those
that come back with significant results, causing false-positive
results [10]. Therefore, it is important to ensure that study
protocols are complete, well written, and registered prior to data
collection in a suitable time-stamped repository (eg,
ClinicalTrials.gov and Open Science Framework). This allows
external bodies to consult the original study protocol and
understand the specific hypotheses and the data analysis plan
to which the researcher was committed, both for primary data
analyses and for secondary analyses of existing data sets.

When protocols of observational studies do not provide
sufficient details concerning the conduct of their preplanned
study and are not preregistered or made openly available prior
to data collection initiation, the scientific community is left with
an incomplete picture of what the researchers intended to do
and whether undisclosed protocol deviations and reporting
biases occurred. Consequently, in the absence of registered
protocols for observational studies, we are insufficiently able
to judge the validity and reliability of the results. As such,
interpretation of the results within the context of the study
limitations becomes a potential major issue [2].

Methods

Overview of Objectives
The objective of this study is to develop reporting guidelines
to be used in the design of observational study protocols. Our
initiative has been given the acronym SPIROS (Standardized
Protocol Items: Recommendations for Observational Studies).
The project aims to improve the completeness and utility of
study protocols for observational studies by producing
expert-based recommendations for a minimum set of items these
study protocols need to address. An item is defined as an
important section, heading, or subheading within the study
protocol, with each item describing an important methodological
feature of the study. Our study is designed to meet three
objectives.

Objective 1 is to conduct a scoping review of items addressed
in study protocols of observational studies in epidemiology.
The purpose of objective 1 is to develop a long list of candidate
items that could a priori be incorporated in the draft reporting
guidelines. This would serve as the basis for the first round of
the Delphi survey (Objective 2).

Objective 2 is to conduct a Delphi survey with participants who
are selected based on a prespecified range of expertise, with the
intention of obtaining consensus on which items to include in
the SPIROS reporting guidelines.

Objective 3 is to conduct a face-to-face consensus workshop to
finalize the SPIROS reporting guidelines and then disseminate
the results with an associated manual.

Methods to Conduct Scoping Review of Protocols
(Objective 1)
A scoping review of published study protocols of observational
studies will be conducted, in which every item mentioned more
than once will be listed [11,12]. The study will be based on a
systematic selection of up to 100 protocols of observational
studies identified via published study design papers indexed by
Web of Science Core Collections until information threshold
saturation is achieved (defined as the point where no further
items are identified after 15 consecutive paper reviews). The
list of items will then be extended with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
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checklist items, which are developed as reporting guidelines
for the publication of observational studies [13], the Standard
Protocol Items: Recommendations for Interventional Trials
(SPIRIT) checklist items for the reporting of protocols of
experimental studies [3], and recommendations from an expert
steering committee (the authors of this manuscript). The findings
of the scoping review will be reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) extension for scoping reviews [14].

Eligibility Criteria
Up to 100 protocols of observational studies (cohort studies,
case-control studies, and cross-sectional studies) published in
indexed journals from the Web of Science will be included in
the present review. To ensure the most current state of affairs
is assessed, only papers published between January 1, 2016,
and May 1, 2018, will be included because, based on a
preliminary assessment, the target number of studies is expected
to be reached within this time range.

Information Sources
Data for this scoping review will be identified by searching the
Web of Science Core Collection and references from relevant
papers using the search terms “protocol” PLUS “observational
study” AND/OR “cohort study” AND/OR “case control study”
AND/OR “cross sectional study” AND/OR “prevalence study”
AND/OR “survey” in the advanced search mode. A senior
clinical librarian will be engaged to ensure that the search
strategy is valid.

All the protocol items present in the headings, subheadings, or
text of protocol papers will then be presented in the form of a
table, following the structure of the STROBE checklist. Initially,
all items will be categorized into the following themes: general
information, introduction, methods, ethical considerations,
reporting, dissemination, and others. However, if different
themes emerge, this structure will be accordingly iteratively
adapted.

Methods to Conduct Delphi Study (Objective 2)

Participant Recruitment
The long list of candidate items for the protocols of
observational studies identified in the scoping review will be
evaluated by experts. For this purpose, we will conduct a
2-round Delphi study [15-19]. We will aim for participation of
50 to 100 experts who represent the key stakeholders in
observational research, including principal investigators,
methodologists, journal editors, users of observational data, and
representatives from research ethics review boards. Experts will
need to have relevant knowledge and experience and be spread
across geographical regions. Experts will be identified by a
mixed approach, including nomination by other experts, PubMed
and web search, ResearchGate, and participation in the
development of previous reporting guidelines.

Round 1 of Delphi Survey
Each panelist will be asked to rate every candidate item from
the long list on a 5-point Likert scale for relevance for inclusion
in the reporting guidelines for protocols of observational studies
(Table 1).

A field for adding free text will be provided for comments on
comprehensiveness and comprehensibility for each item and to
suggest alterations or additional items. Round 1 will also collect
core demographic information (panelists’ working field and
place of employment) and panelists’ self-rated level of expertise
on the particular topic.

A threshold of 67% agreement among participants on a score
of 4 or 5 for each candidate item will be considered to indicate
consensus among the expert panel for consideration of inclusion
in the SPIROS checklist. If agreement among participants is
less than 67% scoring 4 or 5, the item will be considered
discordant. The survey will be structured to last no more than
30 minutes and will be pretested and approved by the expert
steering committee. The study protocol with any amendments
will be uploaded in the Open Science Framework (OSF), as
will the Delphi survey format, which will be updated, if needed,
before the second round.

Table 1. Implication of Likert score on candidate items.

Implication on candidate itemLikert score

Unimportant—should be dropped as an item to consider1

Of little importance2

Moderately important3

Important4

Very important—should definitely be included5

Round 2 of Delphi Survey
Round 2 will contain all original candidate items plus additional
items nominated or identified during the first round. For each
item, panelists will be provided with percentage agreement from
the first round, while the themes of each item´s free text
comments will be merged into an anonymized executive
summary.

The participants will be asked to rerate the items and consider
the comment themes. Once collated, all items reaching a 67%
consensus agreement ranking of 4 or 5 on the Likert score will
be included in the short list for the reporting guidelines and
advance to the next stage of the process.

Data Collection and Statistical Analysis
A preset online survey questionnaire will be developed on the
Google Forms online survey platform and uploaded to OSF
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before being sent out to expert panelists via email. Medians,
interquartile range, and percentage of agreement will be
calculated for each item.

Consensus Workshop (Objective 3)
Following completion of the Delphi survey, the steering
committee will convene a consensus workshop consisting of
the steering committee plus 10 others previously involved in
developing guidelines. Experts will review and adapt the draft
reporting guidelines into a format appropriate for wider
dissemination. A further workshop around dissemination
strategy planning will also be convened, comprising experts
involved with previous guideline dissemination, to ensure that
a robust uptake mechanism is defined for widespread adoption
of SPIROS, including choice of journal for publication of the
final manuscript and content of a website exclusively for the
initiative.

Dissemination, Implementation, and Ongoing
Development (Objective 4)
The ultimate objective of this initiative is to facilitate widespread
adoption of the SPIROS reporting guidelines. Therefore, all
outputs of this initiative will be published as preprints and in
open access journals or open choice access. This will include a
detailed manual that explains and justifies the recommendations
and includes examples of good reporting. We aim to have the
SPIROS reporting guidelines adopted by journals and funders.
The SPIROS protocol and final reporting guidelines will be
published on a dedicated website (spiros-statement.org) and
will be included in the Enhancing the Quality and Transparency
of Health Research (EQUATOR) Network.

Data Management and Registration of Study Protocol
The study will comply with the EU General Data Protection
Regulation. Prior to data collection, the study protocol and all
appendices will be registered and made openly available on the
OSF, and links will be provided to reviewers and readers of the
paper. This will include the complete data management and
data analysis plan, and on completion of the study, all
anonymized data will additionally be made available on OSF
with no restrictions.

Ethics Approval and Consent to Participate
Ethics approval has been obtained from the Ethics Review
Committee of Maastricht University. The study will not collect
any sensitive information, and the identity of each panel member
will be fully protected and blinded to other panel members and
the research group (except for the corresponding researcher).
The burden for the panelists includes a maximum of 30 minutes
for each of the Delphi survey rounds.

Online informed consent will be obtained from all panel
members, which will comprise an introductory page and
completion of the survey as consent. Participants of the Delphi
consensus survey will be provided with a summary of the overall
aim of the SPIROS project and a link to the complete protocol.
The consent for the Delphi survey will explain the specific aim
of the survey and an outline of the procedures involved, as well
as the benefits, risks, and burdens involved in participating. If
consent is given, panels member will be acknowledged in the

publication of the SPIROS reporting guidelines. However, the
option to not be mentioned in the acknowledgments will also
be given.

Results

The scoping review of published protocols of observational
studies has been completed, with 59 candidate items identified.
This long list of candidate items has formed the basis of the
2-round Delphi survey launched in early 2020.

Discussion

Over the last decade, there has been an increasing call for
prospective registration of observational study protocols
[6,20-22]. Without a registered protocol, it is impossible to
detect p-hacking and any intentional amendments in protocols
to match with preferred results. To conduct research without a
detailed protocol registered prior to data collection is
increasingly considered questionable research practice, limiting
reviewers’ and readers’ ability to assess the occurrence of
intentional or nonintentional bias. A detailed study protocol is
essential for replicability as well. That said, even with strict
prospective registration of observational study protocols,
including digital object identifier records of any amendments,
there remains the chance of post hoc protocol amendments at
a later stage to match with preferred results. Ultimately, there
is no foolproof way to prevent scientific malpractice in this
domain.

There are several recent projects, such as the Reproducible
Evidence: Practices to Enhance and Achieve Transparency
(REPEAT) initiative, that aim to improve transparency,
reproducibility, and validity of database research [23]. At the
same time, the need for one-size-fits-all guidance, or any
guidance for protocol development of observational studies,
remains a subject of debate [20,21,24,25]. For example, an
industry-based epidemiological group have proposed a
framework in which observational studies should be registered
and can be exempted based on study design and study intent
[25].

However, the absence of guidelines to develop protocols has
historically resulted in a large proportion of observational
research being conducted without quality-assured study
protocols. Existing protocols are often not fit for purpose, and
the proportion of researchers ensuring registration of protocols
for observational studies prior to data collection remains
negligible. Therefore, our study aims to develop reporting
guidelines for protocols of observational studies by launching
SPIROS. We expect this initiative to increase transparency of
methods used in observational studies, and through standardizing
protocols, we hope that study designs will be improved and
more often be registered and published in a journal or in a
repository.

The main limitation of our study is that SPIROS reporting
guidelines will be developed primarily for cohort, case-control,
and cross-sectional study designs but not for other observational
research designs. Because of the wide scope of observational
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study designs, it is difficult to prepare standard reporting
guidelines that cover all observational study designs.

Nevertheless, as the first attempt to develop a guiding document
for observational study protocols, our guidelines will fill an

important gap. Once widely available, an impact assessment
should be conducted after a 4- to 5-year period to determine
whether more and higher-quality protocols have become
available, similar to the approach adopted by other reporting
guidelines [26].
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Abstract

Background: Respiratory disease is the third most common cause of death in New Zealand, with Pacific people living in New
Zealand bearing the greatest burden of this type of disease. Although some epidemiological outcomes are known, we lack the
specifics required to formulate targeted and effective public health interventions. The Pacific Islands Families (PIF) birth cohort
study is a study that provides a unique source of data to assess lung function and current respiratory health among participants
entering early adulthood and to examine associations with early life events during critical periods of growth.

Objective: This paper aims to provide an overview of the design, methods, and scope of the Respiratory Health of Pacific Youth
Study, which uses the overall PIF study cohort aged 18-19 years.

Methods: From 2000-2019, the PIF study has followed, from birth, the growth, and the development of 1398 Pacific children
born in Auckland, New Zealand. Participants were nested within the overall PIF study (at ages 18-19 years) from June 2018, and
assessments were undertaken until mid-November 2019. The assessments included respiratory and general medical histories, a
general physical examination, assessment of lung function (forced expiratory volume and forced vital capacity), self-completed
questionnaires (St George’s Respiratory Questionnaire, European Quality of Life 5 Dimensions-3 Level, Epworth Sleepiness
Scale for Children and Adolescents, and Leicester Cough Questionnaire), blood tests (eosinophils, Immunoglobulin E,
Immunoglobulin G, Immunoglobulin A, Immunoglobulin M, and C-reactive protein), and chest x-rays. Noninferential analyses
will be carried out on dimensionally reduced risk and protective factors and confounders.

Results: Data collection began in June 2018 and ended in November 2019, with a total of 466 participants recruited for submission
of the paper. Collection and collation of chest x-ray data is still underway, and data analysis and expected results will be published
by November 2020.

Conclusions: This is the first longitudinal observational study to address the burden of respiratory disease among Pacific youth
by determining factors in early life that impose long-term detriments in lung function and are associated with the presence of
respiratory illness. Identifying risk factors and the magnitude of their effects will help in adopting preventative measures,
establishing whether any avoidable risks can be modified by later resilient behaviors, and provide baseline measurements for the
development of respiratory disease in later adult life. The study results can be translated into practice guidelines and inform health
strategies with immediate national and international impact.

International Registered Report Identifier (IRRID): DERR1-10.2196/18916
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Introduction

Background
Respiratory disease is the third most common cause of death in
New Zealand [1,2], with 69,000 hospitalizations per year.
Hospitalizations are 5.1 times higher and mortality is 2.7 times
greater in the most deprived geographical areas compared with
the least deprived areas [3]. Pediatric hospital admissions for
bronchiolitis, asthma, wheezing, and viral pneumonia have
increased since 2000 to over 21,000 per year [4]. In the same
period since 2000, hospitalizations in all ages for bronchiectasis
increased by 30%, with a doubling of deaths [3]. Over 28,000
people in New Zealand are estimated to have severe chronic
obstructive pulmonary disorder (COPD), with up to 15% of the
total population suspected to have the disease [3,5]. This may
partly explain why this rise in respiratory disease is strongly
demonstrated in South Auckland [4], a geographical area with
very high levels of deprivation, particularly among its large
Pacific and Māori populations.

Pacific people (Samoan, Tongan, Cook Islands Māori, Niuean,
and Tokelauan) living in New Zealand are the fourth largest
population group, and the third largest living in Auckland, New
Zealand’s biggest city [6]. Of the Pacific population resident
here, 21% live in South Auckland (Manukau District) [7], and
76% of these people live in the most deprived areas [8]. Of all
ethnic groups, Pacific people bear the greatest burden of
respiratory diseases [2], and across all age groups, their
hospitalization rates for these illnesses are 2.6 times higher than
those for other ethnic groups [2,3,9]. Relative risks for the
Pacific population range between 1.7 and 18.2 for asthma [10],
bronchiectasis [10,11], bronchiolitis [12], pneumonia [13],
COPD [14,15], and obstructive sleep apnea [16], compared with
non-Pacific people. This represents a significant health disparity
for Pacific people, who have the highest proportion of
individuals in the 15- to 24-year age bracket [17], and is
expected to constitute 10% of the population and 12% of the
working-age population by 2026 [18].

Lung development starts in utero with substantial structural
development and continues through early childhood, with the
alveoli likely increasing in number, size, and complexity through
adolescence [19,20]. Maximum lung volumes are reached
around 20 to 22 years of age for males and slightly earlier
(around 18-20 years) for females [21]. This represents a 30-fold
increase in lung volume and a 20-fold increase in
gas-exchanging surface area with at least a doubling of airway
length and diameter. Nevertheless, after peaking in early
adulthood, lung function gradually declines with age in healthy
individuals because of factors including loss of lung elasticity,
the decline in respiratory muscle strength, and reduced alveolar
surface area [22].

Current scientific theory indicates that many adult respiratory
diseases arise from early events during the period of rapid

growth from infancy through childhood [19,23]. The impact of
respiratory events early in life appears to be two-fold: (1) early
insults may prevent attainment of peak lung function with a
subsequent decline from a lower peak level and/or increase the
rate of rapid decline and (2) early disease increases susceptibility
to developing a later disease. These factors may predispose to
the development of chronic lung diseases such as asthma,
COPD, and bronchiectasis in adulthood [24].

Reduced Lung Function
Intrauterine growth restriction is a risk factor for reduced lung
function during infancy [25], childhood [26], and adulthood
(using self-reported birth weight) [27]. In-utero smoke exposure
is associated with reduced lung function at birth [28], early
childhood [29], and early adulthood [30,31], and is similarly
associated with accelerated lung function decline [32]. Living
with a smoker up to the age of 18 years increases the risk of
cough and sputum production as adults [33]. In addition, asthma
in childhood is associated with lower lung function in adulthood
[34-36] and a more rapid decline in lung function [37].

Once airway restriction has occurred, the composite picture
from other overlapping studies in healthy and asthmatic
populations suggests that lung function centiles tend to track
with time [38,39]. First, cohort studies in Tucson (n=826) [40],
Perth (n=243) [41], Sydney (n=10,898) [42], Manchester
(n=690) [43], and the Netherlands (n=838) [44] have shown
that the majority of early infant wheezers have reduced lung
function at school age. Second, these studies have also shown
that from infancy to childhood (n=95) [41], infancy to early
adulthood (n=169) [39], across childhood [41-43], and into early
adulthood from 9 years (n=646) [45] and 11 years (n=600) [38],
those with low lung function on the first assessment remained
in the lower centile. A large community study on atherosclerosis
risk (n=15,536) described an increased risk of COPD in those
with accelerated lung function decline (excluding individuals
who smoke) [46].

Early Disease Predisposing to Later Disease
In seminal research, Barker et al [47,48] reviewed death
certificate data across several communities in England, showing
that an area with a high infant pneumonia mortality rate had a
high COPD mortality rate 15 years later, suggesting an
individual-level association. Further studies indicate that the
number of lower respiratory tract infections in childhood seemed
to predict the presence of obstructive airway disease and
ventilatory impairment in adults [49,50]. Childhood pneumonia
is described as a sentinel event in 28% to 42% of adult
populations with bronchiectasis [51-53], with 60% to 80%
reporting wet cough since childhood [52,54].

In the Dunedin Study birth cohort, 26.9% of the participants
had continuing symptoms of asthma, with half persistent and
half recurring in early adulthood [38]. Admission for
bronchiolitis or pneumonia when <5 years of age was associated
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with an increased risk of doctor-diagnosed asthma and increased
medication use [36,55], which in the European Community
Respiratory Health Survey was shown to be further exacerbated
by smoke exposure [36]. A history of asthma in childhood was
also associated with a 5.2 to 12.5 increased risk of COPD [5,56].
However, most of these studies have sampled adult populations
and relied on individual recall of childhood events. Asking a
participant with a current respiratory diagnosis whether they
had an infection in childhood may well introduce bias and, given
the prevalence of respiratory infections in childhood, may not
be discerning.

Fewer studies have examined the impact of risk or protective
factors such as vitamin deficiencies, physical activity levels,
and breastfeeding on respiratory function and later respiratory
disease. Despite early pathological studies that indicated that
the alveolar structure was complete by 2 years of age, recent
magnetic resonance imaging suggests that the alveoli continue
to develop into young adulthood [57-59]. This may widen the
possibility of ongoing damage with new insults but theoretically
also implies that resilient behaviors may improve later lung
growth. In one study, breastfeeding was found to aid lung
growth and was associated with improved forced vital capacity
(FVC) at the age of 10 years but not 18 years [60,61].

Vitamin deficiencies (vitamins A, D, and E) seem to have a
greater effect on alveolar development than on airway
development [62,63]. Maternal vitamin A supplementation was
shown to increase FVC and forced expiratory volume in 1
second (FEV1) among 1894 children aged 9 to 13 years living
in Nepal (a population with high vitamin A deficiency)
compared with children whose mothers had received a placebo
[62]. A study examining dietary antioxidants among 243 healthy,
nonsmoking students in the United States (mean age of 18.3
years, SD 1.95) showed that vitamin C and magnesium intake
was associated with higher lung function in these college
students [64]. Breastfeeding [65-68], immunizations [69,70],
and adequate vitamin D levels [71-74] are all associated with
fewer early childhood infections, which may protect lung
development.

There are some known gender differences in respiratory disease
patterns. Hospitalization rates for total respiratory admissions
are higher in boys than girls when less than 15 years of age but
become more common in women than in men as adults [75].
Hospitalization rates for asthma have a rate ratio of 2.75 for
children (<15 years of age) when compared with adults (30-64
years of age), but there are clear gender differences. Girls with
a rate ratio of 0.78 were compared with boys, but women with
a rate ratio of 1.86 were compared with men. Similarly,
medicated asthma in 2016 to 2017 was seen in 11.3% of girls
and 17.2% of boys, whereas it was present in 14% of women
but only 9.9% of men. Hospitalization for bronchiolitis,
bronchiectasis, and pneumonia occurs more frequently in boys
(rate ratios for girls between 0.64 and 0.98) [75]. Although
hospitalization rates for COPD were significantly higher in
women than men by 45 to 64 years of age, mortality was similar
between genders, but mortality for women with bronchiectasis
was higher than men [76]. Smoking rates also differed, with
28% of Pacific men and 22% of Pacific women smoking. In
addition, Pacific people have the most rapid transition from

experimentation to regular smoking of 2.7 years when compared
with other community groups [77].

The Pacific Islands Families (PIF) study birth cohort is an
ongoing observational study of the health and development of
a birth cohort of children of Pacific ethnicity and their parents.
The selected findings from the study included a high
immunization uptake (89%) among the cohort over the first 2
years of life [78]. At 4 years of age, many children in the cohort
and their mothers had poor basic oral hygiene (34% of mothers
were brushing ≤1/day and 50% had either never seen a dentist
or had not visited one in the last 5 years, 47% of the children
brushed ≤1 time per day, and 47% had no adult assistance with
brushing) [79]. Moreover, 57% of these children were routinely
snacking or drinking immediately before bed, which
substantially increased their health risk [79]. Parental smoking
prevalence and secondhand smoke exposure among the cohort
aged 11 years indicated very high prevalence rates (33% of
mothers and 40% of fathers) [80], resulting in about 50% of
families with at least one parent who smoked, and 25% with
both parents who smoked [81]. This suggests that environmental
smoke exposure is a significant health risk for children from
the cohort living in these households. To date, there has been
no formal respiratory assessment undertaken among the cohort.
This paper provides an overview of the design, methods, and
scope of Respiratory Health of Pacific Youth, a retrospective
study of early childhood events and their impact on current
respiratory status nested within the overall PIF study (at ages
18-19 years).

Study Objectives
This study will address 3 objectives: (1) estimate the effect of
early life (eg, birthweight, antenatal smoke exposure, postnatal
smoke exposure) and childhood risk factors (eg, allergies,
dwelling conditions from the first 2 years of life, child smoking
at 14 years) on peak lung function attainment and respiratory
outcomes in Pacific youth aged 18 to 19 years; (2) determine
modifiable childhood risk and protective factors; including
breastfeeding, immunization, and nutrition during the first 2
years of life; exercise at ages 4, 11, and 14 years; peak flow at
ages 6 and 9 years; respiratory infections, respiratory
condition–related hospital admissions, and reported breathing
problems in the first 2 years of life; and asthma in childhood)
on lung function attainment and respiratory outcomes in Pacific
youth aged 18 to 19 years; and (3) estimate the population
attributable fraction and population avoidable fraction of
modifiable early life risk factors and childhood resilience factors
on these outcomes. We hypothesize that at age 18 to 19 years,
(1) early life risks result in poorer lung function and respiratory
outcomes in early adulthood in Pacific youth and (2) protective
or resilience factors throughout childhood moderate the impact
of these early life risks on these poorer lung function and
respiratory outcomes in early adulthood.

Methods

Study Design
The PIF birth cohort study is a multidisciplinary study [82]
tracking the health and development of 1398 Pacific children
born at Middlemore Hospital, South Auckland, New Zealand,
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in 2000. A child was defined to be of Pacific Islands ethnicity
if at least one parent self-identified as being of that ethnicity
and only eligible if at least one parent was a permanent resident
of New Zealand [82]. The PIF study provides a unique source
of data for research on growth, development, and psychosocial
functioning at critical developmental stages within the family
environment. The size of the cohort was chosen to enable the
generation of findings that were specific to the predominant
Pacific groups residing in New Zealand (Samoan, Tongan, and
Cook Islands Māori) [83]. Assessments and interviews were
conducted at 6 weeks of age, then at 1, 2, 4, 6, 9, 11, 14, and
17 years of age. This study collected cross-sectional data on
respiratory outcomes from the cohort over 2018 to 2019, when
they were aged 18 to 19 years. All antecedent data collected at
previous measurement waves will be available for inclusion in
the analysis where appropriate. Biological sex and gender
stratification will also be considered in the analysis of respiratory
data.

Study Population
In recognition of attrition and residential mobility of the initial
PIF cohort (n=1398, 681 females and 717 males, to n=954, 463
females and 468 males) by age 14 years, we anticipated
achieving a sample size of 750 youths from the original cohort.
Since June 2018, an assessment of Pacific youth aged 18 to 19
years was initiated. The only exclusion criteria were (1)
exclusion of cohort members whose current sickness would
prohibit them from producing maximal effort during lung
function testing and (2) exclusion of cohort members resident
outside of Auckland, as assessments could only be undertaken
in Auckland.

Study Procedures
Ethical approval for this study was obtained from the Central
Health and Disability Ethics Committee on May 24, 2018
(reference 18/CEN/24). Written informed consent was obtained
from the youth to participate in an assessment involving a series
of physical and clinical assessments and self-administered
web-based questionnaires. Arrangements were made for 2
research assistants of Pacific ethnicity to transport participants
to and from a clinic set up for the respiratory assessments at the
University of Auckland (Tāmaki campus) and Ascot hospital
where chest x-rays and blood tests were performed. The youth
were thanked with a gift voucher for their participation. The
data sets used during this study are available from the
corresponding author upon reasonable request.

Outcomes: Clinical Assessments
The primary outcome of this study was the FEV1 Z-score
standardized for height, gender, and age (American Thoracic
Society/European Respiratory Society criteria using Global
Lung Initiative reference values) as a continuous variable. The
FEV1 Z-score will be dichotomized to an indicator of a Z-score
<−1.64 for estimating the population attributable risk.

Other clinical assessments involve the documentation of
participants’ respiratory and general medical histories,
medications, a clinical examination (respiratory rate,
cardiovascular, and ear, nose, and throat examinations), and a
Bacillus Calmette–Guérin vaccine scar presentation, clubbing

severity (categorized into mild, moderate, or severe), tonsil
score (according to the Brodsky and Friedman Scales [84]), and
Mallampati score (a visual assessment of the space between the
base of the tongue and the roof of the mouth that is an
independent predictor of obstructive sleep apnea [85,86]). In
addition, social behavior questions on work and sleep schedules,
housing conditions, and exercise routines were asked.
Participants were also asked about their caffeine, alcohol,
tobacco, and drug intake.

The number of pulmonary exacerbations in the previous 12
months was documented. Symptom severity (cough, sputum
color, and dyspnea) was recorded on validated 5-point scales
[87,88], including (1) cough severity rated on a Likert-like
symptom scale, (2) dyspnea severity rated according to the
Modified Medical Research Council Dyspnea Scale [89], and
(3) sputum color rated according to a Bronkotest color chart
[90].

In addition, oxygen saturation (SPO2; Medtronic, Nellcor
PM10N) and spirometry pre- and postsalbutamol (EasyOne Air
Spirometer, NDD Medical Technologies) were assessed.
Spirometry was performed according to American Thoracic
Society standards [91] with predicted values from Global Lung
Initiative reference values [92]. Baseline forced expiratory
measurements were performed until 3 good quality, repeatable
measures were obtained (FVC and FEV1 both within 0.15 l).
This was followed immediately by the administration of 400
µg of salbutamol using a meter dose inhaler through a volumetric
spacer device, and reversibility was tested by using spirometry
after 15 min.

Nonfasting blood tests were completed at Ascot Hospital by
Labtests, a pathology laboratory service accredited by the
International Accreditation New Zealand. Trained phlebotomists
drew 10 mL of blood for testing the levels of Immunoglobulin
E, Immunoglobulin G, Immunoglobulin A, and Immunoglobulin
M, eosinophils, and C-reactive protein. A further 6 mL of serum
was stored at Middlemore Hospital tissue bank for future
analysis of biomarkers; a separate consent for this analysis was
obtained.

Chest x-rays (posteroanterior and lateral) were performed by
Ascot Radiology. The radiation dose is 0.02 millisieverts with
background radiation in comparison being 3 to 4 millisieverts,
which is equivalent to 3 days of usual background radiation
exposure. No chest x-rays were taken if a participant was
pregnant. Chest x-rays were scored by 2 scorers using the
Brasfield scoring system. The Brasfield system [93] consists of
scoring chest x-rays using graded responses for 5 specific
aspects: air trapping (scored 0-4), linear markings (bronchial
wall thickening; 0-4), nodular cystic lesions (bronchiectasis;
0-4), large lesions (atelectasis and pneumonia; 0-5), and general
severity (0-5). A score of 25/25 represents normal lungs, with
numbers detracted for changes seen with lower scores
representing more severe disease.

Outcomes: Physical Measurements
Body size and composition measurements included height (Seca
213), weight (Tanita BC545), waist circumference with a
nonstretchable tape, standing hand-to-foot bioimpedance
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analysis (ImpediMed Single Frequency 50 kHz Bioimpedance
Analyzer, Tanita BC545), and blood pressure using an
automated sphygmomanometer (Omron Auto Blood Pressure
monitor IA2, Omron Healthcare) with appropriate cuff sizes.

Anthropometric and blood pressure measurements were repeated
until 2 measurements were recorded within a predetermined
tolerance (weight ±0.5 kg, height and waist ±0.5 cm, and systolic
and diastolic blood pressure ±10 mm Hg). BMI was calculated
as weight in kg/height in meters squared, and prevalence of
obesity, overweight, and thinness were derived, standardized
for age and gender using the Cole cutoffs [94].

Outcomes: Questionnaires
Participants self-administered 4 questionnaires on a tablet
computer with the research nurse present to assist as necessary:
St. George’s Respiratory Questionnaire (SGRQ), European
Quality of Life 5 Dimensions-3 Level, Epworth Sleepiness Scale
for Children and Adolescents (ESS-CHAD), and the Leicester
Cough Questionnaire (LCQ).

The SGRQ [95,96] includes 56 items across 3 domains:
symptoms, activity, and impact. Component scores from each
domain and a total score between 1 and 100 will be examined.
Higher scores indicate poorer health.

The European Quality of Life-5 Dimensions is a generic measure
of self-reported health status [97]. Health status was measured
in terms of 5 dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression, as well as a Visual
Analogue Scale.

ESS-CHAD [98], a validated measure of daytime sleepiness
for use with children and adolescents [99], was used to indicate
the possibility of obstructive sleep apnea. A score of 13 to 15
represents a moderate risk and a score of >15 represents a severe
risk for obstructive sleep apnea. The LCQ evaluates the impact
of cough on the quality of life [100].

Any abnormal results were discussed on a case-by-case basis
between the research nurses conducting the assessments and
the coinvestigators of the study with backgrounds in respiratory
medicine. In cases of incidental findings or results of concern,
a referral letter was addressed to their general practitioner, along
with notifying general practitioners of their patients’
involvement in the study and that the chest x-ray and blood tests
of their patients will be available from the standard clinical
information portal (Concerto).

Data Analysis: Statistical Considerations
A research electronic data capture (REDCap) database (hosted
on the Auckland University of Technology server and fully
compliant with International Organization for Standardization
standards and international data management) was set up to
capture all data. REDCap is a web-based system that can be
used for direct data input or secondary input from paper-based
clinical record forms and questionnaires.

The key objective of the analysis was to obtain causal effect
estimates of risk factors and modifiable protective factors on
respiratory outcomes, conditional on preexisting risk factors
and confounders. The analyses will be carried out in 3 stages:

(1) dimensional reduction of the covariates, (2) causal modeling
of the risk and protective factors, and (3) estimation of the
population attributable and avoidable risks associated with the
risk and protective factors.

Dimensional Reduction
A technical challenge to overcome in this study is the large
dimensionality of the covariates involved, potentially leading
to overfitting. To alleviate this problem, we will apply
dimensional reduction techniques to the covariates, taking care
to maintain interpretability where necessary, especially with
regard to population attributable and avoidable risks. The
dimensional reduction will proceed using variations in sliced
inverse regression (SIR) [101] from the primary outcome. The
variations considered are specifically adapted to longitudinal
covariate data [102,103] and categorical covariate data [104].
This approach to dimensional reduction will determine, in
practice, a set of linear combinations of the covariates
corresponding to confounders or to a specific risk/protective
factor or specific respiratory conditions that best explain the
primary outcome (such linear combinations can be interpreted
in a manner similar to factors in a factor analysis). In this
fashion, we will reduce the dimensionality of the set of all
confounders, the main purpose of this step, and may be able to
reduce the dimensionality of a specific risk or protective factors
for which we have longitudinal data (eg, exercise) or several
simultaneous measures (eg, nutrition), preventing overfitting.
Secondary outcomes will be analyzed using the dimensionally
reduced covariates obtained from the SIR on FEV1 and will
not themselves be the object of an SIR to promote
interpretability.

Causal Inference
With Yi representing the outcome of interest (primary outcome
FEV1 Z-score or any of the secondary outcomes) in participant
i, the causal model we will consider is a simple extension from
Robins et al [105].

E[Yi|Xi, Ri, Zi, Ci] = α'Ri + β'Xi + γ'(Xi:Ri) + g(Ci) + h(Zi) (1)

where α, β, and γ are the causal parameter vectors of interest;
Xi and Ri denote the modifiable protective and risk factors,
respectively, and Xi:Ri, their interaction; Ci denotes the
confounders and Zi the early life respiratory conditions; and g
and h are semiparametric functions (typically smoothes or
simply affine functions). Parameters, α, β, and γ are estimated
as fully adjusted causal relationships using a two-stage
estimation technique from Robins et al [105], which relies on
the first-stage estimated conditional expectations Ê [Ri|Ci, Zi],
Ê [Xi|Ci, Zi], and Ê [Xi:Ri|Ci, Zi]. These latter quantities are
estimated using appropriate linear, logistic, and multinomial
models and consist of the multivariate equivalent (from a data
analytical point of view) of propensity scores (the distinction
is that propensity scores apply when a single risk factor or
treatment is involved). Causal inference is thus based on a
semiparametric regression model that adjusts for multivariate
propensity scores; the preferred method of propensity score
inverse weighting as used in a study by Austin [106] is not
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applicable in this case, precisely, due to the multiplicity of risk
and protective factors.

For categorical outcomes, a logit link function is applied to the
right-hand side of the above equation (see also the Inferential
Setting section). The rest of the data analytical approach follows
without modification.

We note that the estimation of α addresses hypothesis 1, whereas
the estimation of β and the interaction term parameter γ
addresses hypothesis 2. The causal model considered above
treats early life respiratory conditions on an equal footing with
confounders. We will also attempt the analysis by
simultaneously fitting the following components, creating a
mediation analysis where early life risk factors may affect later
respiratory outcomes:

Direct path: E[Y_i|Xi, Ri, C_i] = α0'Ri + β0'Xi + γ0' (Xi:Ri) + g0(Ci)
(2)

Mediated path: E[Y_i|Xi, Zi, C_i] = ξ'Zi + β1'Xi + g1(Ci)

E[Z_i|Xi, Ri, C_i] = α2'Ri + β2'Xi + γ2' (Xi:Ri) + g2(Ci)

In our experience, mediated analyses such as equation 2 can
easily become intractable numerically. We are likely to resort
to the mediation model when considering specific early
childhood conditions with reasonably high prevalence, such as
asthma, as opposed to a full set of early childhood conditions.

To allay the bias potentially associated with attrition in the
cohort, we applied inverse probability weighting (IPW), a
recognized technique to compensate for selection bias [107].
IPW will be carried out by identifying early predictors of later
loss to follow-up in a logistic regression model, which will
provide a fitted probability of remaining in the cohort at the
time of assessment for every cohort entrant. IPW will be applied
to participants in all analyses, increasing the influence of
individuals unlikely to self-select and correcting, to the extent
possible from the attrition model, for selection bias.

Population Attributable and Avoidable Risks
The population attribute and avoidable risks (PAR) associated
with each risk and protective factor will be estimated using a
Monte Carlo approach [108] that fully accounts for the
risk/protective factor interaction, confounding and other
adjustments, and mediation, if applicable, as is necessary to
avoid bias and correctly estimate the standard error of the PAR
estimates [109]. PAR will be computed for each respiratory
condition observed during the clinical assessment and a
dichotomized version of the FEV1 Z-score primary outcome,
namely, the indicator that lies below the lower end of normal
(ie, 5% centile at −1.64). Such an approach is made possible by
the completeness of the data in the early cohort assessments
and allows the indirect estimation of the prevalence of
respiratory conditions in the full cohort under mild assumptions
on the loss-to-follow-up mechanism (see below).

As missingness in early childhood data is minimal, we will use
a singly imputed data set obtained from a full conditional
specification of the covariate distribution using a discriminant
function for categorical values, for our analyses. There will be

no attempt to impute missing outcome values, if any, from the
clinical assessments.

Inferential Setting
All tests will be carried out at the 5% significance level, against
two-sided hypotheses. Estimates will be reported as point
estimates and 95% CIs. Standard descriptive quantities and
simple regression results will be presented for all outcomes and
main risk and protective factors. The main analysis will be
handled through generalized additive models under a normal
family with an identity link. Assumptions of residual normality
will be checked visually and using standard distributional tests;
departures from normality will be dealt preferentially with the
selection of an alternative family and link, and, in case of
variance behavior inconsistent with a known family, with a
generalized additive model for location, scale, and shape [110].
The main analyses will be fully adjusted and attempt to present
causal estimates, as indicated above. Analyses will be carried
out using standard procedures from SAS version 9.4 and R
version 3.x, and the study statistician will produce or supervise
the production of custom code to obtain the causal parameter
estimates and to carry out the Monte Carlo estimation procedure.

Results

This study was funded in October 2017 and received ethical
approval in May 2018. Data collection began in June 2018 and
ended in November 2019, with a total of 466 participants
recruited for submission of the paper. Collection and collation
of chest x-ray data is still underway, and data analysis and
expected results will be published by November 2020.

Discussion

Principal Findings
To the best of our knowledge, this is the first observational
study to address the high burden of respiratory disease in Pacific
youth aged between 18 and 19 years by estimating its causal
relationship with factors in early life (risk and protective), which
impose long-term detriments in lung function and are associated
with the presence of respiratory illness as this population moves
into young adulthood and nears the lifetime peak lung function.
It is also at the time when the difference in hospitalization rates
for any respiratory illnesses moves from being higher in males
throughout childhood to being higher in females in adulthood.

Although utilizing the PIF cohort entails some loss in
representativeness with regard to the Pacific population at large,
it brings advantages by avoiding the costs and risks of
establishing a new study de novo. Attrition must be
acknowledged in utilizing this PIF cohort, largely because of
(1) transient residential mobility by the age of 18 years and (2)
in part because of logistical difficulties. However, as an
analytical epidemiological study, the sample needs only be
representative with regard to the effect of interest to be an
internally valid study. Even if, in the proposed study, attrition
interacts with the relationship between covariates and outcomes,
selection bias will be allayed at the analysis stage by IPW and
plausible causal relationships, revealed [111].
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Conclusions
This study will measure current lung function and assess the
presence or absence of respiratory disease in the PIF study birth
cohort, a group at increased risk of respiratory disease, which
mainly resides in a region with a high prevalence of respiratory
disease. Findings may be relevant for Māori, with approximately

8% of the original PIF cohort having Māori heritage, and Māori
experiencing a similarly unacceptable high rate of respiratory
illnesses in New Zealand. Moreover, this information can be
directly used to formulate public health strategies to reduce
future disease in this high-risk group for life, which will be
relevant to the population as a whole.
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Abstract

Background: Tension lies between the need to increase access to organ transplantation and the equally urgent need to prevent
inadvertent transmission of infectious diseases or cancer from organ donors. Biovigilance, or the evaluation of potential donors,
is often time-pressured and may be based on incomplete information.

Objective: The Safety and Biovigilance in Organ Donation (SAFEBOD) study aims to improve estimates of infection and
cancer transmission risk and explore how real-time data access could support decision-making.

Methods: We will link existing donor referral, actual donor, recipient, and health-outcome data sets from 2000-2015 in New
South Wales. Organ donor data sets will include the Organ Donor Characterizing Risk-Profile of Donors Study, the National
Organ Matching System, the Australian and New Zealand Organ Donor Register, and the Australian and New Zealand Living
Donor Kidney Register. Recipient data sets will include the Australian and New Zealand Dialysis and Transplant Register, the
Australian and New Zealand Cardiothoracic Register, the Australian and New Zealand Islet and Pancreas Register, and the
Australian and New Zealand Liver Transplant Register. New South Wales health outcome data sets will include HIV and AIDS
Notifications and Surveillance Data, the Notifiable Conditions Information Management System, Admitted Patient Data Collection,
Emergency Department Data Collection, the Central Cancer Registry, and the Cause of Death Data Collection. We will link organ
donors to transplant recipients and health outcomes data sets using probabilistic data-matching based on personal identifiers.
Transmission and nontransmission events will be determined by comparing previous cases in donors and posttransplant cases in
recipients. We will compare the perceived-risk at referral with the verified risk from linked health outcome data sets and the odds
of cancer or contracting an infectious disease in organ recipients from donors based on their transmission-risk profile and estimate
recipient survival by donor transmission risk group.

Results: Data were requested from each of the listed registries in September 2018, and data collection is ongoing. Linked data
from all listed data sets are expected to be complete in September 2020.

Conclusions: The SAFEBOD study will overcome current limitations in organ donation by accessing comprehensive information
on referred organ donors and recipients in existing data sets. The study will provide robust estimates of disease transmission and
nontransmission events based on recent data. It will also describe the agreement between perceived risk estimated at the time of
referral and verified risk when all health outcome data are accessible. The improved understanding of transmission and
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nontransmission events will inform clinical decisions and highlight where current policies can be revised to broaden the acceptance
of deceased donors.

International Registered Report Identifier (IRRID): DERR1-10.2196/18282

(JMIR Res Protoc 2020;9(10):e18282)   doi:10.2196/18282

KEYWORDS

transplant recipients; organ donor; transplant; neoplasms; infectious; disease transmission; safety; biovigilance; organ; surgery;
cohort study

Introduction

Biovigilance is intended to avoid inadvertent transmission of
infectious disease or cancer from organ donors and is a central
concern in transplant programs globally. In conflict with these
safety concerns is the excess morbidity and mortality
experienced by people with end-organ disease on transplant
waiting lists. In Australia, increasing the organ donation rate is
a national priority. The Australian Government formed the
Organ and Tissue Authority (OTA) in 2009. The OTA’s purpose
is to increase the capability and capacity within the health
system to maximize donation rates and to raise community
awareness and stakeholder engagement across Australia to
promote organ and tissue donation. Since 2009 the number of

deceased organ donors has more than doubled, and the number
of transplant recipients has increased by 75% [1]. However, the
number of people in need of an organ transplant outweighs the
number of organs available. At the end of 2017, 1388 patients
with end-stage chronic disease remained active on the transplant
waiting list (964 kidney, 171 liver, 80 heart, 108 lung, 65
pancreas, 3 intestine) [2]. The number of referrals of potential
donors has increased exponentially over time, but the number
of referrals who go on to become donors has increased modestly
in comparison [3,4]. Thus, the proportion of total donor referrals
who proceed to donation has decreased over time (Figure 1 [3]).
A large proportion of donor referrals do not proceed to donation
due to biovigilance concerns (Figure 2). Therefore, initiatives
to increase the number of referred potential donors whose organs
can be safely donated and transplanted are vital.

Figure 1. Number of organ donor referrals and actual donations in New South Wales, 2010-2018 [3].
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Figure 2. Primary reason donor referrals were found not medically suitable. Reasons of possible biovigilance concern highlighted in blue.

Decisions about donor medical suitability and biovigilance are
informed by sparse data and tend to be risk averse. Using
published medical literature to understand transmission risk is
problematic due to publication bias (resulting in more events
of disease transmission being reported than events where there
was no disease transmission). Published transmission events
are likely to be a biased subset of the global transplantation
experience. Current estimates of transmission risk for
bloodborne viruses or malignancies in organ donation include
confirmed transmission events [5,6]. However, the proportion
of organs transplanted from donors with a perceived increased
risk of infection or malignancy, but there was no transmission,
is unknown. The need for an evidence base to guide
decision-making led to the formation of the NOTIFY project
as a joint venture between the World Health Organization
(WHO) and the Italian National Transplant Centre. NOTIFY
collates a biovigilance database and recommends biovigilance
systems in organ donation and transplant report all serious
adverse events nationally [7].

Risk stratification recommendations for different infectious
diseases and cancers are often complex, may not be derived for
use in a transplantation setting, and may not be readily accessible
in real-time to clinicians making decisions about donor safety.
Inconsistencies in decisions about the medical suitability of
referred donors suggest considerable clinical uncertainty [3].
For example, complex guidelines and uncertainty around the
risk of transmission of primary brain malignancies from donor
to recipient may have resulted in 23 missed donor opportunities

where the transmission risk was subsequently ascertained to be
low [4]. The inclusion of these donors would have increased
the donor pool by 3.1%.

The Safety and Biovigilance in Organ Donation (SAFEBOD)
study aims to estimate infection and cancer transmission risk
and provide insight into how real-time access to linked existing
data could support decision-making.

Methods

SAFEBOD is a cohort study using data linkage of existing state
and national administrative health data sets. These data sets will
establish estimates of the biovigilance risk of living and
deceased organ donors, and potential deceased donor referrals
that do not proceed, in New South Wales (NSW).

Aims
The study’s primary objective is to develop clearer estimates
of disease transmission in organ donation and transplant.
Specifically, the study aims to (1) identify organ donors and
recipients with recorded cancer or infectious disease, (2)
determine the agreement between medical history ascertained
at the time of donor referral (perceived risk) and that collated
from existing mandated health data sets (verified risk), (3)
identify suspected cases of donor-recipient disease transmission
and nontransmission based on presence or absence of the
corresponding disease in donor and recipient verified records.
The study’s findings will be used to develop decision support

JMIR Res Protoc 2020 | vol. 9 | iss. 10 |e18282 | p.495http://www.researchprotocols.org/2020/10/e18282/
(page number not for citation purposes)

Rosales et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


recommendations and resources for clinicians making donation
decisions in NSW and beyond.

Public Health Register
The database generated in this project will be established as the
Biovigilance in Organ Donation and Transplantation Register
(Biovigilance Register) under state law by the NSW Ministry
of Health. The Public Health Act 2010 permits the linkage of
existing health data sets to facilitate the identification and
monitoring of risk factors for diseases or conditions that have
a substantial adverse impact on the population and, to facilitate
the care, treatment, and the follow up of persons who have
diseases or have been exposed to diseases of public safety [8].
The sponsor of the Biovigilance Register is the NSW Chief
Health Officer and Deputy Director-General, Population and

Public Health. The data custodian of the Biovigilance Register
is the Associate Director, Epidemiology and Biostatistics, Centre
for Epidemiology and Evidence.

Population
The study will consist of four groups of participants: (1) Donor
referrals that did not proceed to donation, (2) Deceased donors,
(3) Living donors, and (4) Recipients of any organs from 2 and
3, for all solid organs used or procured for transplantation in
NSW, 2000-2015.

Data Sources
The Biovigilance Register will source information from organ
donor referral, living and deceased donor, recipient registries,
and health outcome data sets (Figure 3). A description of each
data set and the date range of available data follows.

Figure 3. Data sources included in the SAFEBOD study with date ranges of the data requested. Personal identifiers will be requested for individuals
referred for donation, donated, or transplanted in New South Wales, 2000-2015 (dotted box) to define the study cohort.

Organ Donor Referral, Deceased Donor, and Living
Donors

Organ Referral Characterisation Database (ORCHARD),
2005-Present

Developed by nephrologists Angela Webster and Kate Wyburn
in association with the NSW Organ and Tissue Donation Service
(OTDS) using the OTDS registry of referral logs for organ
donation in NSW, ORCHARD records all donor referrals in
NSW, regardless of referral outcome. The database includes

information about perceived cases of cancer and infectious
diseases in referrals who do and do not proceed to donation.

The National Organ Matching System (NOMS) Database,
2000-Present

The allocation of organs from a deceased donor to patients on
the waiting list is determined by ranking generated by a
computer program administered by the Australian Red Cross.
NOMS holds additional identifiers for NSW donors and
recipients useful for data linkage and immune profiles of donor
and recipient pairs used to calculate their matching scores.
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Australia and New Zealand Organ Donor (ANZOD)
Registry, 1989-Present

This registry collects and records data on all organ donors within
Australia and New Zealand. The database is essential to linking
donor and recipient pairs identified in the donor and recipient
registries.

Australia and New Zealand Living Kidney Donor Register,
2004-Present

This registry collects and records data on all living kidney
donors within Australia and New Zealand.

Organ Transplant Recipients

Australia and New Zealand Dialysis and Transplant
(ANZDATA) Registry, 1977-Present

Records information for all people in Australia and New Zealand
receiving treatment for end-stage renal failure, including those
who have received a kidney transplant, updated annually.

Australian and New Zealand Islet and Pancreas Transplant
Recipient Registry (ANZIPTR), 1984-present

Records all islet and pancreas transplants performed in Australia
and New Zealand.

Australia and New Zealand Cardiothoracic Transplant
Registry (ANZCOTR), 1984-Present

This registry contains every heart, heart/lung, and lung transplant
performed in all six Australia and New Zealand Cardiothoracic
Transplant centers.

Australia and New Zealand Liver Transplant Registry
(ANZLTR), 1985-Present

This collaborative effort of the liver transplant units in Australia
and New Zealand collects data on all patients listed for liver
transplantation and their subsequent outcomes.

Health Outcomes

NSW Admitted Patient Data Collection (APDC) (Public
Hospitals), and the NSW Inpatient Statistics Collection
(Private Hospitals), 2001-2018

These comprise a census of all admitted patient services
provided by NSW public hospitals, public psychiatric hospitals,
public multi-purpose services, private hospitals, and private day
procedure centers. It covers demographic information and
information on diagnoses, procedures, and hospital care for
every hospital separation in NSW. Admitted patient data are
collected under administrative arrangements with public
hospitals and the Private Health Facilities Act 2007 for private
hospitals.

NSW Cause of Death Unit Record File (COD), 1985-2016

The Australian Coordinating Registry provides the COD on
behalf of the data custodians, the Registry of Births, Deaths,
and Marriages, and the State Coroner. The COD data set
includes death registration information pertaining to all deaths
occurring in NSW and includes demographic information, cause
of death, and place of death as recorded either through the death
registration process or by coroners. This information has been
supplemented with codes derived by the Australian Bureau of

Statistics, including the International Classification of Disease
Codes.

NSW Emergency Department Data Collection (EDDC),
2005-2018

The EDDC registry records demographic and emergency
treatment-related information for every person who presents to
participating public emergency departments in NSW, including
all emergency departments in metropolitan public hospitals and
rural base hospitals. Information on emergency department
attendances is collected under administrative arrangements with
public hospitals.

HIV and AIDS Notifications and Surveillance Data Set
(HIV), 1985-2014

HIV is notifiable to the Ministry of Health under the NSW
Public Health Act 2010. Notifications of HIV are received from
pathology laboratories and compiled in the HIV Notifications
and Surveillance Dataset.

NSW Notifiable Conditions Information Management
System (NCIMS), 1993-2017

The NCIMS manages the surveillance and reporting of diseases
and conditions notifiable under the NSW Public Health Act
2010. The NSW Ministry of Health receives notifications of
communicable diseases from general practitioners, hospitals,
and pathology laboratories. All notifiable conditions included
in NCIMS will be included in the Biovigilance Register except
for adverse events following immunization and lead poisoning.

NSW Central Cancer Register (CCR), 1972-2015

The CCR records all new diagnoses of invasive cancer and
in-situ breast cancer and melanoma in NSW residents but does
not capture cancer recurrences.

NSW Registry of Births, Deaths, and Marriages (RBDM)
Death Registrations, 1985-2018

This registry includes all deaths occurring in NSW.
Demographic information and particulars of each death,
including the cause of death, are recorded.

NSW Tuberculosis Contact Treatment Chest Clinics (TB),
2000-2015

Chest Clinic databases across NSW hold records of tuberculosis
cases and people treated as contacts of cases.

South Eastern Area Laboratory Services (SEALS),
2008-Present

SEALS performs serological and nucleic acid testing for
bloodborne viruses in organ donation in NSW. It holds records
for HBV, HCV, and HIV results for intended and actual donors
in NSW. These records are sought to complement and verify
the HBV and HCV findings collated from other outcomes,
donor, and recipient registries.

Data Linkage
Data linkage will be performed by the NSW Ministry of Health
dedicated data linkage service, the Centre for Health Records
Linkage (CHeReL). The CHeReL uses a separation model for
data integration in order to maintain patient confidentiality [9].
Personal identifiers are split from health information for each
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data set. Data custodians will send demographic data, including
name, sex, date of birth, and address, if available to the CHeReL.
These identifiers will be used to link individuals across data
sets. The CHeReL will then randomly assign a unique identifier
to individuals across data sets and match donor and recipient
records. Linkage will be probabilistic for all data sets except
ANZDATA, ANZOD, and the Living Kidney Donor registers,
which are already deterministically linked [10]. The CHeReL

will return unique individual identifiers to the data custodians,
who then send the health-related data with the unique identifier
back to the NSW Ministry of Health, who will create the
Biovigilance Register (Figure 4). Data shared with the research
team at The University of Sydney will be de-identified to
maintain patient confidentiality. The risk of reidentification of
patients is very low with the information held in the Biovigilance
Register.

Figure 4. Data sources and data linkage process between organ recipient data sets, organ donor data sets, and health outcome data sets in New South
Wales.

Outcomes

Agreement of Perceived and Verified Risk
The possible outcomes of decisions made according to perceived
risk compared to verified risk are outlined in Table 1. When
perceived risk and verified risk are concordant, donors are used
effectively and efficiently. Donors perceived as high risk who
truly pose a biovigilance risk are declined (Outcome 1), or their

organs may be used with recipient consent, appropriate
prophylaxis, and surveillance. In cases of known transmission
(Outcome 2), the risk of transmission and recipient outcome is
mitigated by early recognition and treatment, and the (infectious)
disease may not manifest, a known nontransmission (Outcome
3). The most likely clinical scenario for donors is a perceived
low risk, which can be verified as a known absence of
biovigilance risk (Outcome 8).
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When donors are incorrectly classified, they are not used
effectively or efficiently. Incorrect classification occurs when
verified low-risk donors are declined because of a high perceived
risk (Outcome 6), or recipients are not perceived as at-risk of

unknown or nontransmission (Outcomes 4 and 5) or exposed
to unnecessary treatments and tests when donors are believed
to be a risk for transmission when they are low risk (Outcome
7).

Table 1. Summary of possible donation outcomes and transmission events, according to perception and verification of donor biovigilance risk. Top
left and bottom right: perceived risk and verified risk are concordant, and the donor is correctly classified. Top right and bottom left: perceived risk and
verified risk are discordant, and the donor is incorrectly classified.

Verified donor riskPerceived donor risk

LowHigh

High •• Donor declinedDonor declined
• •Known transmission Misclassified known nontransmission
• Known nontransmission

Low •• Known absence of biovigilance riskUnknown transmission
• Unknown nontransmission

Suspected Cases of Donor-Derived Disease Transmission
Two statisticians will review donor and recipient records to
identify suspected cases of donor-derived transmission events
for infectious diseases and malignancies. Suspected cases will
include recipients first diagnosed with the condition post
transplant where (1) the donor was known to have the condition
at the time of donation or (2) the donor was not known to have
the condition at the time of donation, and more than one
recipient from the same donor was diagnosed with the same
condition. A standardized algorithm will be used to classify the
likelihood of the transmission event being donor-derived from
excluded to possible/probable/proven, as used by the Organ
Procurement Transplant Network Disease Transmission
Advisory Committee [11,12]. This algorithm considers several
criteria for classification, including laboratory evidence in the
donor, all recipients of the same donor, and pretransplant
laboratory evidence of negative findings in the recipient before
transplant and use of active prophylaxis or treatment. For
infectious diseases, we will also consider the time from
transplant to diagnosis to distinguish between donor-derived
transmission events and de novo infections.

Statistical Analysis
Estimates of transmission through organ transplantation will be
based on the recorded cases using linked health data in donors
and recipients. Information from the linked health data will be
used to identify known and unknown cases of donor infectious
diseases and/or malignancies and linked to respective recipients
to determine disease transmission and nontransmission events
in patients transplanted in NSW.

Donor “perceived” risk for cancers and infectious diseases will
be compared to “verified” risk using proportions (95%CI) and
McNemar tests, and agreement will be assessed using the Kappa
statistic. Cox or logistic regression models will be fitted to
compare the hazard/odds of cancer or contracting an infectious
disease in organ recipients from donors classified by the four
transmission risk groups (classified according to Table 1). Other
risk factors of recipient cancer or infection will be adjusted for
in the analyses. Recipient survival by donor transmission risk
groups will be summarised using Kaplan–Meier survival curves,

and hazard ratios (95% CI) estimated using Cox regression
models. Additional average life-years gained by using organs
from donors stratified by risk of cancer transmission will be
estimated from the area under the survival function curve up to
10 years after transplantation. All analyses will be conducted
using STATA, R, or SAS statistical software programs.

Results

The SAFEBOD study was funded in 2016 by the Office of the
Chair, NSW Ministry of Health. We received approval from
the University of Sydney Human Research Ethics Committee
(HREC 2016/758) on September 13, 2016. Data were requested
from the listed registries in September 2018 and is ongoing.
Linked data from all listed data sets is expected in September
2020.

Declarations
The SAFEBOD study was approved by the University of Sydney
Human Research Ethics Committee (HREC 2016/758) on
September 13, 2016. It includes the approval of data collection
for three populations: deceased organ donors, organ transplant
recipients, and living organ donors. HREC approved a waiver
of consent to participate for deceased organ donors. HREC
approved disclosure of health-related information for organ
transplant recipients and living organ donors under the Public
Health Act (1998) and the management of health services
activity (HPP 10 (1) or 11(1)). The linked donor, recipient, and
health-related data sets will form the Bioviglance in Organ
Donation and Transplantation Register under state law by the
NSW Ministry of Health, established by the authority of the
Chief Health Officer for epidemiological data under the Public
Health Act 2010. The Register will be housed by the NSW
Ministry of Health and provided to the research group for
investigation. The researchers will follow the NSW Health
policy directive on Data Collections—Disclosure of Unit Record
Data for Research or Management of Health Services
(PD2015_037, September 15, 2015).

Availability of Data and Material
The data that support the findings of this study are available
from the NSW Ministry of Health, Office of the Chair, but
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restrictions apply to the availability of these data, which were
used under license for the current study, and so are not publicly
available. Aggregate data are, however, available from the
authors after publication of findings, upon reasonable request
and with permission of the NSW Ministry of Health, Office of
the Chair, and all other data custodians for the data sets named
above.

Discussion

Organ donation remains a scarce resource despite a dramatic
increase in organ donor referrals in the past ten years. Many
donor referrals are declined due to the perceived risk of
transmission of infectious disease or malignancy at the time of
referral. Often, data collected at the time of referral is incomplete
due to a lack of access to medical records to ascertain a donor’s
medical history within donation time-frame constraints and
limits the opportunity for estimating biovigilance outcomes.
Current estimates of disease transmission in organ donation and
transplantation are biased towards transmission events and do
not reliably capture nontransmission, leading to the
over-estimation of biovigilance risk posed by referred donors.

Our proposed study will overcome these limitations using data
linkage to develop clearer estimates of donor disease
transmission and nontransmission in NSW. Our study cohort
is uniquely placed for this work due to high-quality state data
and linkage infrastructure and the use of the unique data set of

contemporaneous potential donors, which are not recorded by
deceased donor registries. Furthermore, it will describe the
agreement between perceived risk of referred donors based on
data collected at the time of referral and verified risk when
mandatory health outcomes data are available. These results
may reveal additional information available in health outcome
data sets and support the use of real-time linkage at the time of
donor referral to ascertain transmission risk.

Some practical and operational issues involved in performing
the study arise from the use of state data in a nationally shared
deceased donor organ allocation program. Cases will arise where
deceased donor organs from interstate or NSW donor organs
have been allocated to interstate recipients. In these cases, we
will be unable to verify the perceived risk at the time of donation
with outcomes collated from linked health records. However,
these cases can contribute to the estimations of disease
transmission based on donor histories collected at the time of
referral and recipient outcomes recorded by transplant registries.
Additionally, we will be unable to verify donor risk or censor
those lost to follow-up (except kidney recipients in ANZDATA),
living donors, and recipients who move interstate or overseas.

Findings from the SAFEBOD study will highlight where the
current policy can be revised to accept more donors and increase
transplant rates. Clear estimates of transmission risk will assist
in clinical decision-making at the time of donor referral and
may also be useful in conversations with potential recipients.
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Abstract

Background: Approximately 90% of the 253 million blind or visually impaired people worldwide live in low- and middle-income
countries. Lack of access to eye care is why most people remain or become blind. The World Health Organization Regional
Office for Africa (WHO-AFRO) recently launched a primary eye care (PEC) package for sub-Saharan Africa—the WHO-AFRO
PEC package—for integration into the health system at the primary health care (PHC) level. This has the potential to increase
access to eye care, but feasibility studies are needed to determine the extent to which the health system has the capacity to deliver
the package in PHC facilities.

Objective: Our objective is to assess the technical feasibility of integrating the WHO-AFRO PEC package in PHC facilities in
Nigeria.

Methods: This study has several components, which include (1) a literature review of PEC in sub-Saharan Africa, (2) a Delphi
exercise to reach consensus among experts regarding the technical complexity of the WHO-AFRO PEC package and the capacities
needed to deliver it in PHC facilities, (3) development of PEC technical capacity assessment tools, and (4) data collection,
including facility surveys and semistructured interviews with PHC staff and their supervisors and village health workers to
determine the capacities available to deliver PEC in PHC facilities. Analysis will identify opportunities and the capacity gaps
that need to be addressed to deliver PEC.

Results: Consensus was reached among experts regarding the technical complexity of the WHO-AFRO PEC package and the
capacities needed to deliver it as part of PHC. Quantitative tools (ie, structured questionnaires, in-depth interviews, and observation
checklists) and topic guides based on agreed-upon technical capacities have been developed and relevant stakeholders have been
identified. Surveys in 48 PHC facilities and interviews with health professionals and supervisors have been undertaken. Capacity
gaps are being analyzed.

Conclusions: This study will determine the capacity of PHC centers to deliver the WHO-AFRO PEC package as an integral
part of the health system in Nigeria, with identification of capacity gaps. Although capacity assessments have to be context
specific, the tools and findings will assist policy makers and health planners in Nigeria and similar settings, who are considering
implementing the package, in making informed choices.

International Registered Report Identifier (IRRID): DERR1-10.2196/17263
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Introduction

Approximately 253 million people are blind or visually impaired
worldwide, 90% of whom live in low- and middle-income
countries (LMICs) [1]. In Nigeria, about 4.25 million adults are
blind or visually impaired and over 80% of the blindness is due
to avoidable causes [2,3]. Lack of access to eye care services
is one of the reasons why people remain or become blind [4].
Cataracts are the most common cause of blindness in Nigeria
[2], and high-quality cataract surgery should be accessible and
affordable for all. However, in the Nigeria National Blindness
and Visual Impairment Survey, almost half of all eyes that had
undergone a procedure for cataract treatment had undergone
couching—a traditional procedure to treat cataracts—often with
poor visual outcomes. Glaucoma, which causes irreversible
visual loss, was the second-most common cause of blindness
[2]. Although early treatment can prevent or slow progression
of the disease, in Nigeria people with glaucoma present very
late to eye care services, often already blind in one or both eyes.

Other blinding-eye conditions in Nigeria include uncorrected
refractive error [5], trachoma, and diabetic retinopathy.
Presbyopia, the age-related decline in near vision, affects an
estimated 20 million adults in Nigeria [6] and can lead to
considerable productivity losses if uncorrected. Although
blindness in children is rarer than in adults, many of the blinding
conditions in LMICs, such as measles infection and vitamin A
deficiency, can be prevented at the primary level [7,8].

Other eye conditions that cause ocular morbidity for which
access to eye care is needed include dry, irritable eyes and
allergic and infective conjunctivitis [9]. There is, therefore, a
need for LMICs to provide universal access to eye care, not just
for blinding conditions but also for conditions causing
troublesome symptoms. Approximately 25% of Nigerians have
ocular conditions [9]; with a population of 200 million, this
means that approximately 50 million Nigerians are in need of
eye care.

In LMICs, most eye care is delivered in secondary- and
tertiary-level facilities, which are mainly located in urban areas.
This leads to inequity in access, higher costs for patients and
providers [10], and the patronage of other sources of care (eg,
informal drugs sellers, traditional and spiritual healers, and
couchers), which may exacerbate the visual loss through harmful
practices or delayed access to appropriate treatment [9,11]. Over
35% of Nigerians with ocular problems consult an informal

drug seller as a first option, primarily due to a lack of access to
eye care services [9].

One way to improve access to eye care in LMICs is to integrate
eye care into primary health care (PHC) [10], which is advocated
by the World Health Organization (WHO) in their report
Universal Eye Health: Global Action Plan 2014-2019 [12].
Primary eye care (PEC) entails the following elements: health
protection, health promotion, specific preventive measures,
detection and treatment of common eye conditions, detection
and referral of more complex conditions, and record keeping.
The health promotion elements can be delivered in the
community as well as in facilities, while the other components
principally take place in PHC facilities.

However, delivering PEC can have challenges; these include
low PEC skill levels [13], inadequate supervision [14], and
inadequate equipment and supplies [15]. A review of the
literature on PEC in sub-Saharan Africa showed that there has
been no consensus on the scope of PEC nor guidelines on the
technical skills PHC workers require to implement eye care;
this has resulted in deficient training and inadequate supervision
[16]. To encourage uniformity of the scope of PEC in
sub-Saharan Africa, the WHO Regional Office for Africa
(WHO-AFRO) recently launched a package of evidence-based
interventions for PEC: the WHO-AFRO PEC package [17].
The package can be subdivided into two broad elements: health
promotion and facility-based eye care. The latter comprises five
evidence-based algorithms and protocols on how to measure
distance and near visual acuity, administer eye medication,
remove foreign bodies, apply an eye patch, document findings,
and refer and counsel patients. The purpose of the package is
to strengthen the capacity of PHC workers in sub-Saharan Africa
to manage patients with eye conditions [17] and widen access
to eye care [18]. The package has been pilot-tested in Rwanda
and Kenya [18].

In Nigeria, the health system has three tiers of service
delivery—primary, secondary, and tertiary (see Figure 1,
A)—staffed by appropriate cadres. The PHC system provides
basic services and is often the first point of contact with the
health system and the only source of health care for the majority
of Nigerians in rural and remote communities [19]. PHC is
delivered in health centers and smaller units called health posts.
PHC staff comprise junior community health extension workers,
community health extension workers (CHEWs), community
health officers, and nurse midwives (see Figure 1, B).
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Figure 1. Human resources for health in Nigeria (A) across the tiers of the health system and (B) at primary health care (PHC) facilities. CHEW:
community health extension worker; CHO: community health officer; JCHEW: junior community health extension worker; NMW: nurse midwife.

Challenges of delivering PHC in Nigeria include, but are not
limited to, shortage of health workers and absenteeism [20],
infrastructural decay and poor funding [21], a dearth of basic
equipment [22], and lack of trust in the system by the
community [23]. Attempts have been made by nongovernmental
organizations to implement PEC in some parts of Nigeria by
training a limited number of staff using their own curricula and
providing basic equipment. However, these initiatives were
only scaled up with financial support in one state, so they were
not scalable nor sustainable [24]. Nevertheless, to deliver an
effective and sustainable intervention, it is important that
feasibility studies are conducted in each implementation setting.

Feasibility research can help identify the opportunities and
challenges in implementing a new health initiative, including
PEC, which can only be as efficient as the PHC system into
which it is built [16].

Feasibility is a complex construct [25], which has been defined
in different ways. For example, Snowden et al define feasibility
as encompassing the following domains: political, cultural, or
community acceptability as well as technical, cost, and legal
feasibility [26]. This study focuses on technical feasibility,
which comprises the technical complexity of an intervention
and the technical capacities needed to deliver it [27]. To our
knowledge, no technical feasibility study in relation to PEC in
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sub-Saharan Africa has been undertaken. Identifying the
challenges, opportunities, and gaps in the technical capacities
required will provide information for policy makers to make
informed decisions about how the health system needs to be
strengthened to deliver PEC as an integral component of PHC.
The research is timely, as PHC reforms are currently underway
in Nigeria, which include national policies to train primary-level
staff and to provide essential drugs and consumables under the
umbrella of Universal Health Coverage. These initiatives
provide real opportunities to integrate PEC into PHC [24]. The
overarching aim of this study is to determine the technical
feasibility of implementing the WHO-AFRO PEC package into
PHC facilities in Nigeria; in this paper, we describe, in detail,
the methods to achieve this.

Methods

Overview
This study has several components, including a literature review
on PEC in sub-Saharan Africa; a Delphi exercise to reach
consensus among experts regarding the technical complexity
of the WHO-AFRO PEC package and the capacities needed to
deliver it in PHC facilities; development of PEC technical
capacity assessment tools; and data collection, including facility
surveys and semistructured interviews with PHC staff and their
supervisors and village health workers (VHWs) to determine
the capacities available to deliver PEC in PHC facilities (see
Figure 2). Analysis will identify opportunities and the capacity
gaps that need to be addressed to deliver PEC.

Figure 2. Flowchart of the study. PEC: primary eye care; PHC: primary health care; WHO-AFRO: World Health Organization Regional Office for
Africa.

Components of the Study

Identification and Selection of Theoretical Framework
There are only a few analytical tools to assess the technical
complexity of an intervention, one of which was proposed by
Gericke et al [27]. This framework comprises four domains: (1)
intervention characteristics, (2) delivery characteristics, (3)
government capacity requirements, and (4) usage characteristics
with criteria for each (see Table 1 [27]). A theoretical framework
for assessing the technical feasibility of implementing the
WHO-AFRO PEC package in PHC facilities in Nigeria has
been designed by the investigators (see Figure 3 [27]), which
builds on Gericke’s framework of technical complexity [27].
This involves assessing the complexity of each component of
the intervention and, from this, extrapolating to the technical

capacities required to implement it. Analysis of the data
collected will reveal the gaps that need to be addressed, which
may be minimal or substantial. The size and nature of the gaps
will determine the feasibility of implementing the intervention.

The Delphi method is a scientific, multistage approach to
achieve consensus from combined expert opinion through a
series of structured questionnaires completed anonymously.
Advantages of the Delphi approach include anonymity and the
achievement of consensus where definitive evidence is lacking
[28,29].

A two-round Delphi exercise was used to build consensus on,
first, the technical complexity of the WHO-AFRO PEC package
and, second, the technical capacities required to implement it.
The study was conducted over 5 months in 2018.
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Table 1. Gericke et al’s framework to assess the technical complexity of health interventions [27].

CriteriaCategory

Intervention characteristics

Stability

Standardizability

Safety profile

Ease of storage

Ease of transport

Basic product design

Need for regular suppliesSupplies

High-technology equipment and infrastructure needed

A number of different types of equipment needed

Maintenance needed

Equipment

Delivery characteristics

Retail sector

Outreach services

First-level care

Hospital care

Facilities

Skill level required for service provision

Skill level required for staff supervision

Intensity of professional services in terms of frequency or duration

Management and planning requirements

Human resources

Dependence of delivery on communication and transport infrastructureCommunication and transport

Government capacity requirements

Need for regulation

Need for monitoring regulatory measures and enforcement of regulation

Regulation and legislation

Need for sophisticated management systemsManagement systems

Need for intersectoral action within government

Need for partnership between government and external funding agencies

Collaborative action

Usage characteristics

Need for information and education

Need for supervision

Ease of use

Need for promotionPre-existing demand

Need to prevent resale and counterfeitingBlack market risk

Figure 3. Theoretical framework for technical feasibility assessment derived from Gericke et al [27]. WHO: World Health Organization.
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Literature Review of PEC in Sub-Saharan Africa and
Mapping Onto the Appropriate Segment of Gericke’s
Framework to Form the Delphi Questionnaire
The WHO-AFRO PEC package was divided into two
components: eye health prevention and promotion and
facility-based case management. Gericke’s framework was used
to develop two questionnaires, one for health promotion and
the other for facility-based care, which were entered into a
Microsoft Excel 2016 spreadsheet.

In order to populate the two questionnaires, a literature search
on PEC in sub-Saharan Africa was undertaken based on
literature published in PubMed up to April 2018. Search terms
included “primary eye care” and “sub-Saharan Africa.” The
bibliographies of the two most recent published reviews on PEC
in sub-Saharan Africa were also reviewed [16,30]. A total of
173 articles were retrieved. Articles that were not related to
PEC in sub-Saharan Africa were excluded, leaving 51 articles
for inclusion, including 2 randomized trials.

Further implementation characteristics were identified by two
of the authors (CG and AA) who have more than 40 years’
combined experience in eye care in sub-Saharan Africa. These
two sources yielded a list of key criteria for the technical
complexity of PEC, which were used to populate the Delphi
questionnaires. A 4-point Likert scale, ranging from 1 (strongly
agree) to 4 (strongly disagree), was applied to each statement.
The Delphi questionnaires were reviewed by an expert in
international eye health (CG), a health interventions expert
(HB), and a statistician (David MacCleod, London School of
Hygiene & Tropical Medicine).

The Delphi Exercise

Selection of Experts for the Delphi Exercise

The main eligibility criteria for the Delphi panel included being
an eye care professional with long-standing experience in
community eye care in sub-Saharan Africa, preferably for a
minimum of 10 years and who is still professionally active, and
having experience in eye health policy. Panel members were
selected by a modified, exponential, snowball-sampling method
where an initial participant provides multiple referrals [31].
Each new referral was vetted and included in the study if the
eligibility criteria were met.

Delphi Rounds

A total of 12 panel members were contacted by email and
telephone, 9 of whom confirmed their willingness to take part.
All 9 completed both rounds of the Delphi exercise.

For the first round, panel members were sent the following
documents: the methods to be used during the Delphi exercise,
an explanation of Gericke’s framework of technical complexity,
and the first pair of questionnaires on the technical complexities
of PEC. Participants were invited to state their level of
agreement with each statement by ticking the appropriate level
in the Likert scale. A comments box was included beside each
statement for comments or suggestions.

Once all the questionnaires had been received, they were
analyzed for consensus, defined as at least 70% agreement on
each statement in the upper-50th percentile (Likert scale scores
of 1 and 2). Where consensus was reached, the statements were
adopted. Statements where consensus was not reached were
modified based on the suggestions and comments and were
incorporated into the second round, as were newly identified
statements.

For the second round, each of the agreed-upon statements on
technical complexity were modified to reflect the technical
capacities required for delivery, and Likert scales were added.
Panel members were sent the questionnaires on technical
capacities, which included the comments and suggestions of
participants from the first round. Only statements that achieved
consensus, as defined as above, were included in the final
document. Any minority views (<70% consensus) were not
adopted but were documented.

Development of PEC Technical Capacity Assessment
Tools and Selection of Participant Groups

Overview

The technical capacities derived from the Delphi exercise were
mapped onto the WHO’s health systems framework, which
comprises the health workforce, leadership and governance,
financing, health management information systems, equipment,
technology and infrastructure, and service delivery [32]. After
reviewing the capacities needed, the optimal method of
assessment was determined (ie, document review; structured
questionnaires; observational checklists; in-depth interviews,
using a structured topic guide; and the relevant participant
groups: VHWs; PHC staff, including facility heads; CHEWs;
and district supervisors) (see Table 2). Mixed methods were
used to ensure a comprehensive understanding and to triangulate
the data [33]. The instruments were developed in English and
interviews were conducted in English, except for the VHW
questionnaire, which was translated into Igbo and
back-translated into English to ensure it retained its meaning.
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Table 2. Methods of assessment for technical capacities and participants.

Data to be collectedParticipantsAssessment method

Policies that could support implementation of primary eye care
(PEC)

N/AaDocument review

In primary health care (PHC) facilities

Facility practices that could support PEC implementationHeads of facilities, which can be
any cadre

Structured questionnaire A

Health promotion practices that could support PEC implementationCommunity health extension
workers

Structured questionnaire B

Equipment, consumables, infrastructure, and register data that
could support PEC implementation in facilities

Heads of facilitiesObservational checklist A

Equipment, consumables, infrastructure, and register data that
could support health promotion of PEC

Community health extension
workers

Observational checklist B

In purposively selected facilities

PHC experiences; extent to which PEC can be implemented in
their facilities

Heads of facilitiesIn-depth interviews A

Perspectives on PEC promotion and preventionVillage health workersStructured questionnaire C

In each district

PHC management experiences; extent to which PEC could be im-
plemented in their districts

District PHC supervisorsIn-depth interviews B

aN/A: not applicable; participants were not involved in the review of the document.

Study Area

Nigeria has 36 states in six geopolitical zones. Enugu State was
selected for the pilot study and Anambra State for the main

study, both of which are in the southeast zone (see Figure 4
[34]).

Figure 4. Map of Nigeria showing the six geopolitical zones and the 36 states [34].

Pilot Study in Enugu State
A pilot study was undertaken in three PHC facilities in one
district in Enugu State to assess all the data collection

instruments. Appropriate amendments were made to the study
tools based on the responses of participants.
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Main Study in Anambra State

Overview

Anambra state has 21 local government areas, or districts, which
can be stratified into urban, semiurban, and rural. The main
occupations are agriculture, manufacturing, and commerce. The
literacy rate of individuals aged 6 years and older is 75.1% [35],
and 11.3% are considered to be poor [36].

Participants

Participants included heads of facilities, CHEWs, district
supervisors, and VHWs. If a facility had two or more CHEWs,
one was randomly selected. Data to be collected from each
participant group are summarized in Table 2. Facility surveys
were undertaken in primary health centers and health posts.

Selection of Districts, Facilities, and Participants

As this was a descriptive study, a sample of 48 facilities was
estimated for a baseline study to be sufficient to determine a
prevalence of 50% of PHCs with the technical capacity to
implement PEC, with a margin of error of 20% with a 95%
confidence level, a cluster design effect of 1.8, and accounting
for a 10% nonresponse rate [37].

Facilities for inclusion in the main study in Anambra State,
which has 21 districts with 235 PHC centers and 112 health
posts (ie, a ratio of 2:1), were selected using a two-stage process.
First, a list of districts was drawn up, stratified by rural,
semiurban, and urban location, to create a sampling frame. Six
districts were selected by selecting the appropriate number
within each stratum to represent their distribution (ie, three
semiurban to two rural to one urban) using simple random
sampling. Second, within each district a list of PHC facilities
was obtained from the National Primary Health Care
Development Agency. The number of facilities—PHC centers
and health posts—within each stratum was selected by
probability proportionate to size in each district and to represent
the 2:1 distribution of health centers and health posts.

The principal researcher administered the head-of-facility
questionnaires and facility observational checklists; trained
research assistants administered the CHEW and VHW
questionnaires and the health promotion observational checklists.
Paper forms were used to collect the data.

Preliminary Data Analysis and Purposive Selection of
Participants for Qualitative Interviews
Interim data analysis was undertaken using predetermined
criteria (eg, the availability of regular supervision, availability
and use of standard operating procedures [SOPs], health
workforce strength, and number of patients attending the
facilities). The highest- and lowest-scoring facilities were
stratified by location (ie, urban, rural, or semiurban) and type
of facility (ie, health center or health post).

Structured Interviews With VHWs and Semistructured
Interviews With Facility Heads and District Supervisors
Based on the preliminary analysis, nine facilities (ie, six health
centers and three health posts) were purposively selected. The
principal researcher conducted in-depth interviews with the
heads of these facilities using semistructured topic guides. A

total of 2 VHWs from each of the nine facilities were also
randomly selected, and the trained research assistants
administered structured questionnaires. Finally, the principal
investigator conducted in-depth interviews with the district
supervisors of each of the six districts using semistructured
topic guides. All the interviews were conducted in English apart
from the questionnaires for VHWs, which were administered
in the local language by bilingual research assistants.

Data Management

Overview
All the data from the two checklists and three questionnaires
have been entered into specially prepared databases in Microsoft
Access 2016 and transferred to Stata, version 15.1 (StataCorp
LLC), using Stat/Transfer for analysis. Interviews with heads
of facilities and district supervisors have been conducted and
were recorded on an MP3 player. Verbatim transcription and
reflection were ongoing during the interviews and evolving
concepts were explored in subsequent interviews.

Quality assurance of data collection for the questionnaires was
undertaken by training the research team with a daily debriefing.
Each structured questionnaire was initialed by the research team
member only when the form was correctly and completely filled
out. For data entry, data validation rules were applied to the
appropriate fields, which included range checks for numerical
values. In addition, 10% of the questionnaires were randomly
selected and data entry was cross-checked. During the
semistructured interviews, the principal investigator was aware
of her role as a benign interviewer and not a judgmental
ophthalmologist. At the end of each interview, a summary of
the participant’s views was read to them for confirmation. The
interview recordings were transcribed by the principal
investigator and checked for errors or omissions by replaying
the tapes.

All data have been stored in a backed-up hard drive in a
password-encrypted laptop and in the institution’s data
repository (Filr) with controlled access limited to authorized
users. Any data transferred through the internet have been
encrypted. Data will be stored for 10 years to enable publications
to be made from the data; they will then be deleted.

Data Analysis

Questionnaires and Checklists

Frequency tables will be generated from the data. Simple
descriptive analyses will be performed (eg, the proportion of
the facilities visited with tools for referrals). Existing capacities
will be benchmarked against norms [38], when available (eg,
staffing levels by cadre; SOPs; frequency of supervision; and
some components of equipment, consumables, and medication,
including systems to maintain the cold chain for vaccines). For
indicators without norms, a descriptive analysis will be
undertaken, benchmarking against the capacities required. The
data will be analyzed based on the WHO health systems
framework to highlight the elements that require strengthening.
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In-Depth Interviews

Thematic analysis will be used to explore the data using
OpenCode software, version 4.02. The data will be coded,
categorized using the WHO health systems framework, and
developed into themes. Data interpretation will be reviewed
and discussed with the research team and qualitative experts.
Final themes will be developed. The analysis will be supported
by anonymized quotes from the data. Identification codes will
be generated according to interview number, participant cadre,
and type of facility. Reporting of the analysis of the interviews
will follow COREQ (Consolidated Criteria for Reporting
Qualitative Studies) guidelines [39].

Ethical Approval
Ethical approval was granted by the ethics review committees
of the Federal Ministry of Health, Nigeria; the University of
Nigeria Teaching Hospital; and the London School of Hygiene
& Tropical Medicine. Written informed consent was obtained
from each participant at the beginning of each interaction. For
the interviews with heads of facilities and district supervisors,
consent included permission to audio record the interviews and
use anonymous quotes.

Results

Consensus was reached among experts during the Delphi
exercise regarding the technical complexity of the WHO-AFRO
PEC package and the capacities needed to deliver it in PHC
facilities. Based on the agreed-upon technical capacities,
quantitative tools have been developed and relevant stakeholders
have been identified to assess the technical capacity of PHC
facilities to deliver the WHO-AFRO PEC package (ie, structured
questionnaires, observation checklists, and topic guides of
in-depth interviews).

Results from the pilot study highlighted large gaps in human
resources for health and supervision at the community level,
and the study tools were amended to accommodate this. The
pilot study involved staff in three health centers in one district
in Enugu State. All the data collection tools were pilot-tested
apart from the topic guide for supervisors and the structured
questionnaire for VHWs, as they were not available. Only one
change was made to data collection, which was that the main
survey questionnaire be administered to the appropriate cadre,
as health promotion was mainly undertaken by a different cadre
than anticipated.

Key findings were that none of the facilities had the full
complement of staff, and none had a doctor or nurse midwife.
The only in-service training that staff had received in the
previous 12 months was in child health, maternal health, and
HIV. Regarding health promotion, in each facility senior
members of staff were providing health promotion in the
community, which focused almost exclusively on maternal and
child health. The only health promotion topic of relevance to
eye care was not to self-medicate. The only form of transport
provided to visit communities was a motorbike in one facility.
No facility used forms for referral, which was done verbally.
For facility-based management, all three were observed to have

standing orders, and all reported supervision to be irregular.
The main focus of the services delivered was maternal and child
health, and none provided any eye care. Two facilities were
able to test blood sugar, and none provided services for the
elderly. In relation to equipment for eye care, one facility had
a visual acuity chart, none had flashlights, and only one had
antibiotic eye ointment. The facility survey in 48 PHC facilities
has been completed as planned, and interviews with district
supervisors and facility heads of the nine purposively selected
facilities have been undertaken.

Capacities to deliver PEC are being analyzed, and gaps are being
identified. Findings from all sources will be reviewed, including
from the desk review of guidelines and policy documents. The
convergence of findings will highlight whether gaps in the
capacity to deliver PEC are due to limitations in the national
guidelines or policies and/or whether they are due to limitations
in the current delivery of PHC at district and/or facility levels.

Discussion

This is the first study, to our knowledge, to assess the technical
feasibility of integrating eye care into PHC in sub-Saharan
Africa and the extent to which the health system needs to be
strengthened to deliver it. An alternative approach to facilitate
implementation in low-capacity settings would be to adapt the
PEC package. There has been renewed interest in assessing the
integration of services into health systems in LMICs [40], and
the results from this study will be central to enabling policy
makers to make an informed choice about what needs to be
done to implement PEC in Nigeria.

The development of a conceptual framework for assessing health
system interventions is important [41]. This study builds upon
the technical complexity framework of Gericke to incorporate
technical capacity assessments and will report a gap analysis
in the system based on the WHO health systems framework. It
is critical that countries implementing or scaling up new
interventions have access to reliable, accurate, and
comprehensive data on capacities and gaps in the system to
deliver an equitable [42] and sustainable intervention. This study
provides tools that could be adapted or modified for use in other
countries in the region that plan to deliver the WHO-AFRO
PEC package.

A limitation of the study is that it only addresses technical
feasibility; other aspects of feasibility as delineated by Snowden,
such as cultural, legal, financial, and political feasibility, may
also need to be addressed. In addition, the assessment tools are
cadre specific and designed for the Nigerian PHC context and
may not be applicable to other settings. In this study, the sample
size was 48 facilities. The study may not have been powered
sufficiently to assess any capacity differences between health
centers and health posts.

Results of the study will be disseminated to stakeholders in
PHC and eye care in Nigeria by communique at stakeholders’
meetings and at local, national, and international ophthalmology
and public health conferences, as well as in peer-reviewed
journals.
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Abstract

Background: Midlife women are at an elevated risk for cardiovascular disease (CVD) and associated mortality. Those who
have additional risk conditions such as obesity or hypertension report specific barriers to engaging in cardioprotective behaviors
such as physical activity (PA). Considerable effort has been devoted to understanding PA determinants and designing interventions
for midlife women, although with suboptimal success, as increasing PA could meaningfully attenuate CVD risk. An updated
approach to understanding PA among midlife women could improve upon existing resources by focusing on novel psychosocial
influences on PA in this population (ie, body satisfaction, social interactions, social comparisons, mood state) and within-person
relations between these influences and PA in the natural environment.

Objective: The overarching goal of Project WHADE (Women’s Health And Daily Experiences) is to use an ecological momentary
assessment (EMA) approach to capture ecologically valid relations between midlife women’s psychosocial experiences and PA
as they engage in their normal daily activities. The primary aim of the study is to identify within-person psychosocial predictors
of variability in PA (ie, experiences associated with higher vs lower PA for a given individual).

Methods: Midlife women (aged 40-60 years) with one or more additional risk markers for CVD (eg, hypertension) will be
recruited from primary care clinics and the general community (target n=100). Eligible women will complete an initial survey
and a face-to-face baseline session before engaging in a 10-day EMA protocol. Psychosocial experiences will be assessed using
a brief self-report via a smartphone 5 times per day, and PA will be assessed throughout waking hours using a research-grade
monitor. Participants will return for a brief exit interview at the end of 10 days. Multilevel models that address the nested structure
of EMA data will be used to evaluate the study aims.

Results: Recruitment and enrollment are ongoing, and a total of 75 women have completed the protocol to date. Data collection
is expected to be completed in Fall 2020.

Conclusions: Project WHADE is designed to identify naturally occurring psychosocial experiences that predict short-term
variability in midlife women’s PA. As such, the results of this study should advance the current understanding of PA among
midlife women by providing further insight into within-person psychosocial influences on PA in this group. In the future, this
information could help inform the design of interventions for this population.
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Introduction

This paper describes the rationale and design of Project WHADE
(Women’s Health And Daily Experiences), an intensive,
observational study designed to improve upon the current
understanding of midlife women’s physical activity (PA) and
inform PA interventions designed for this population. Midlife
women (age 40-60 years [1]) currently account for the largest
subset of US health care expenditures compared with other
gender and age groups examined [2]. Much of their health care
costs are associated with risk for cardiovascular disease (CVD),
including conditions such as hypertension and type 2 diabetes
[3]. During midlife, meaningful gender differences emerge with
respect to CVD risk. For example, the onset of menopause
confers a direct biological risk for women [4,5]. The risk of
mortality from CVD events also increases more sharply for
midlife women than men [6,7], in part because of gender
differences in symptom presentation and concerns about seeking
medical attention [8-11]. A focus on promoting cardioprotective
behaviors among midlife women, particularly those who have
additional risk factors for CVD (eg, hypertension), could help
mitigate this gender disparity and reduce CVD mortality among
women.

PA is a cardioprotective behavior known to attenuate CVD risk,
as adequate levels of PA contribute to reducing CVD risk factors
such as waist circumference and blood pressure [12] and
improving metabolic functioning [13,14], particularly among
women [15-17]. Despite these benefits, the gender difference
in PA that is observed across the lifespan (with men engaging
in more PA than women) widens during midlife [18,19]; many
midlife women fall far short of the PA thresholds recommended
for health [20,21] and are difficult to engage in PA programs
[22]. Midlife women with additional CVD risk factors (eg,
overweight or obesity, hypertension) tend to report low
motivation for PA and a variety of barriers to PA engagement,
such as difficulty with time amid professional responsibilities
and family care (as primary caregivers) [23,24]. PA promotion
work focused on addressing barriers such as lack of time and
motivation (both among midlife women and in other
populations) has generated meaningful insights but has not yet
led to large PA increases that are sustained over time [25,26].

Increasing PA thus remains to be an important avenue for
reducing midlife women’s risk for CVD, and using new
approaches to understanding facilitators of and barriers to PA
could meaningfully improve intervention efforts for this group.
Project WHADE addresses this need in 2 ways. First, by
focusing on midlife women’s psychosocial experiences that are
indicated by both theory and evidence to serve as facilitators
and barriers to their PA but are understudied in this group. These
include body satisfaction, perceptions of social interactions,
social comparisons, and mood states. Second, by assessing

proposed predictors of PA at the within-person level (ie,
fluctuations within the same person over short periods) rather
than the between-person level (ie, global reports or averages
across time). The typical approach to estimating PA engagement
and its psychosocial correlates is for participants to wear a PA
monitor for several days and then to average their PA across
days of monitor wear to generate a between-person estimate.
These averages are correlated with trait- or person-level
psychosocial characteristics (eg, global level of motivation for
PA or social support) to determine the type or types of
individuals who do and do not achieve recommended levels of
PA [27]. Interventions are then designed to address the
person-level characteristics associated with low PA [28].

This approach assumes that the observed relations at the
between-person level (which describes differences between
people) correspond to the within-person level (which describes
changes in the same person over a given time frame). In many
cases, this assumption is incorrect. For example, although
individuals who engage in PA more (vs less) often have lower
resting heart rates, when a given individual engages in PA (vs
sedentary behavior), their heart rate increases rather than
decreases [29]. Similar discrepancies may exist concerning
between- versus within-person relations between psychosocial
experiences and PA; for instance, people who generally
experience more (vs less) body satisfaction may also engage in
more PA, although their PA may actually decrease at times
when they experience more (vs less) body satisfaction. Failure
to differentiate these processes and thus assuming the incorrect
direction of a relation between a predictor and a health outcome
such as PA could lead to inaccurate models of behavior change
and ineffective interventions that are based on these models. In
line with the body satisfaction example mentioned earlier, the
between-person relation between body satisfaction and PA
would suggest that improving an individual’s body image should
improve their PA, whereas within-person relations suggest the
opposite effect. Thus, clarifying between- versus within-person
relations between midlife women’s psychosocial experiences
and PA could improve both PA theory and interventions specific
to this population [30] by more accurately specifying the levels
and directions of these relations and the associated mechanisms
for increasing PA. To this end, this study was designed to
differentiate between- and within-person relations between
midlife women’s PA and their naturalistic experiences of body
satisfaction, perceptions of social interactions, social
comparisons, and mood state.

Facilitators and Barriers: Novel Psychosocial
Influences on Midlife Women’s PA
Accumulating evidence shows the importance of specific
psychosocial facilitators of and barriers to PA for midlife women
that differ from those of men [31-33]. We first describe the
psychosocial processes hypothesized to influence midlife
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women’s PA (which have received less attention in this group
than motivation or time management) and then detail the
within-person approach in Project WHADE to assessment and
the associated rationale.

In line with multiple theoretical models of health behavior and
behavior change processes [34,35] and their evidence bases as
mechanisms of behavior change [36-40], critical psychosocial
influences on PA include body satisfaction, social interactions,
social comparisons, and mood state. For example, social
cognitive theory is an overarching framework that emphasizes
self-perceptions, emotions, and behavior in the context of input
from the social environment, including perceived norms and
modeling [34]. Social comparison theory expands on a particular
aspect of social influence to explain how self-evaluations
relative to others can motivate (or demotivate) health behaviors
such as PA [35]. At present, however, relations between these
experiences and PA rarely are captured using within-person
methods, particularly among midlife women. Differentiating
within- versus between-person relations between midlife
women’s psychosocial experiences and PA would help to clarify
whether and in what ways these experiences predict PA.

Body Satisfaction
Across the lifespan, women are more likely than men to use PA
to manage weight or appearance [41,42]. Although physical
changes (eg, weight gain) consequent to childbirth, aging, and
menopause may make body satisfaction uniquely important for
midlife women [43,44], most of the research on the relation
between body satisfaction and PA has focused on younger
women. This work has shown that PA may be most likely to
occur in response to dissatisfaction with one’s weight or shape
[45], as women may be motivated to engage in PA with the
expectation that it will reduce weight or otherwise improve their
appearance. However, among overweight women,
embarrassment, shame, and fear of judgment from others often
lead to PA avoidance rather than engagement [46,47]. Feeling
satisfied with one’s body—a positive state that many
interventions attempt to promote—also has been associated
with future decreases in PA among young women [45].
Although body satisfaction traditionally has been conceptualized
and measured as a stable difference between individuals, ample
evidence indicates that body satisfaction fluctuates over short
time frames and changes in response to context shifts [48] and
deliberate intervention [49]. Ecological momentary assessment
(EMA) methods have been used in several studies to assess
within-person variability in body satisfaction among young
women [50] but rarely have been employed among midlife
women.

Thus, it appears that the relation between body satisfaction and
PA is complex. Both high and low satisfaction could motivate
PA, and the circumstances that determine the direction of the
association are not yet clear, especially as they pertain to midlife
women’s experiences in their natural environments.
Furthermore, engaging in PA for appearance-related reasons is
associated with worse physiological health [51] and a lower
likelihood of maintaining PA in the long-term compared with
engaging in PA for enjoyment or health [52,53]. As such, a
better understanding of how this relation manifests in midlife

women’s daily lives could eventually help to promote both
healthy perceptions of one’s body and healthy engagement in
PA.

Social Interactions
For many individuals, interactions with other people occur on
and off throughout the day; some interactions are more
meaningful than others, in that they prompt consequential
thoughts, emotions, or behaviors, whereas other interactions
have little detectable effect on these outcomes [54]. Emerging
evidence suggests that perceptions of social interactions
influence PA in that self-reports of individuals’ interpretations
of the interaction or assessment of the positivity or negativity
of the experience is associated with PA engagement [55]. Social
influence may be exerted directly, via encouragement or
discouragement of PA and other healthy behaviors, or may
occur indirectly through creating norms (for or against PA) or
limiting time or motivation for PA (eg, if negative interactions
lead to stress or necessitate problem solving) [34,56]. For
example, engaging in PA is a method for coping with negative
experiences [41,42,57], including those that result from
unpleasant social interactions, and women are more likely than
men to use PA to cope with stress [58,59]. However, stronger
(vs weaker) perceptions of positive social interactions are
associated with adults’ future PA engagement [60], and
within-person, older adults have been shown to engage in PA
at times when they report positive (but not negative) social
interactions [61]. Thus, limited evidence shows that positive
social interactions are associated with PA engagement; the role
of negative interactions is less clear, and the conditions under
which either type of interaction facilitates versus hinders PA
have yet to be pinpointed.

In addition, the role of social interactions in PA appears to differ
between women and men. Among adolescents and young adults,
women cite the influence of social interactions on their PA
decisions more often than men [62], although women perceive
less support for PA from their family and peers compared with
men [63,64]. Research focused on young women also indicates
that positive interactions tend to motivate PA, whereas negative
interactions tend to increase stress and interfere with PA [62,65]
and show that greater objectively assessed PA occurs on days
with more (vs less) positive social interactions and less (vs
more) negative interactions [55]. To date, however, this work
has spanned several distinct characteristics of social interaction,
including the presence versus absence of interactions, number
of interactions in a given time frame, and the perceived positivity
or negativity of a single interaction or set of interactions.

Moreover, although the social benefits of PA are also rated as
more important among older versus younger women [66] and
are consistently associated with PA during midlife [31,33,52],
critical aspects of the relations between social interactions and
PA remain to be unclear. Specifically, whether a within-person
relations between social interactions and PA among midlife
women is driven by positive or negative interactions (or both,
independently or under different circumstances) and whether it
is the quantity of either type of interaction or the perceived
intensity (quality) of the interactions that drives these effects.
These characteristics have been differentially associated with
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health and well-being outcomes in a range of populations
[67-69]. As such, assessing their within-person relations with
PA among midlife women would help to clarify the roles of
distinct aspects of social interactions.

Social Comparisons
Social comparisons, or self-evaluations relative to others,
represent an additional facet of social perception that may
influence PA among midlife women. Comparisons with others
are common in daily life and can be made across a range of
domains (eg, appearance, wealth, work performance, health
behaviors) and communication modes (eg, in person, via phone,
via a social media platform) [70]. Social comparisons can have
stronger effects on self-concept and behavior than comparisons
with objective standards [71,72], and reported engagement in
comparison shows both cross-sectional and prospective relations
with health outcomes [35,73,74].

With respect to PA, social comparison may provide motivation
via learning about discrepancies between one’s own PA
engagement and that of others [61]. For example, comparisons
with others viewed as doing better than the self (ie, upward
comparisons) could indicate that improvement is possible and
provide guidance and inspiration for achieving a similar goal
[75]. Conversely, comparisons with others viewed as doing
worse than the self (ie, downward comparisons) could boost
self-efficacy for achievement and motivate behavior
maintenance to avoid becoming like the worse-off other [76].

Experimental exposure to PA-based social comparison
opportunities (eg, PA leaderboards, step competitions) shows
positive group-level effects on subsequent PA and outperforms
behavior change techniques such as enhancing social support
when individuals are experimentally exposed to only 1 technique
[77-79]. Such comparisons may be more influential for women
than men; women report greater attention to [80] and interest
in role models [46,47] and show stronger positive responses to
same-gender role models [81] than men. Exposure to others
engaged in PA also increases the likelihood that women will
engage in PA, but this association is not observed among men
[80]. Among young women, one’s tendency to make
comparisons has been shown to change over 2 months, and this
change mediates the effect of a brief intervention on unhealthy
behaviors (eg, disordered eating and excessive exercise) [82].
Young women also show an ability to differentiate days and
periods during which they recall making (vs not making)
comparisons, and these distinctions are differentially associated
with self-reported and objectively assessed PA [55,83].
Furthermore, shifts in the frequency of women’s PA-based
social comparison opportunities from week to week are
associated with changes in their PA over the same time frame
[84].

However, not all individuals respond positively to social
comparison opportunities [85], and the same individual may
vary in their responses to comparisons over time [86]. In
addition to the potential positive outcomes of upward
comparisons described earlier, these comparisons can highlight
the comparer’s worse-off status and generate demotivating
frustration or hopelessness. Similarly, downward comparisons
can signal that the comparer is already doing well (and thus,

does not need to make much effort to maintain their status) or
indicate that a negative future state is likely or inevitable (so
efforts to prevent it seem futile) [87]. The contextual factors
that determine positive versus negative responses to comparison
are not yet clear, although some evidence suggests that the
response may depend on the extent to which the comparer
identifies with or contrasts themselves against the comparison
target [75]. Specifically, focusing on similarities with an upward
target (identification) and differences with a downward target
(contrast) produces positive responses, whereas contrast with
an upward target and identification with a downward target
produce negative responses [88,89]. At present, evidence
consistent with this model of comparison is restricted to
self-reported affect and motivation for health behaviors, and its
application to objectively assessed health behavior (such as PA)
has not been evaluated.

Taken together, existing evidence indicates that social
comparisons may have a meaningful influence on PA and that
this influence may be stronger for women than men. However,
relations between comparisons and PA have rarely been
examined among midlife women, especially at the within-person
level. Greater attention to social comparison in this context
could help to clarify the extent of its influence on PA in an
at-risk group and provide needed insight into contextual factors
that may explain previous equivocal findings (eg, identification
and contrast processes).

Mood State
Mood state describes an individual’s immediate emotional
experience or a combination of emotional experiences (eg,
happiness, sadness, anger). These may remain stable over
periods of weeks or months or fluctuate in response to daily or
momentary changes in context [90,91]. Mood state is recognized
as a primary and proximal determinant of behavior [92] that
can be modified either directly (eg, relaxation exercises to
reduce feelings of anxiety or stress) or indirectly (eg, by
adjusting antecedent thoughts that give rise to a range of
emotional experiences) [92].

Several different mood states have been shown to predict PA
over a range of time frames [93]. For example, experiencing
positive mood states, such as happiness or contentment, is
generally associated with future PA engagement (vs sedentary
behavior) [94-96], although greater variability (vs stability) in
positive mood states has shown negative associations with future
PA [97]. Evidence with respect to relations between other mood
states and PA is more equivocal. The experience of stress often
predicts lower PA, such that increases in perceived stress are
associated with future decreases in PA [57]. However, a number
of studies also document the opposite relation (ie, increases in
stress associated with future increases in PA), suggesting that
some PA engagement may be used as a stress management
technique [57]. Among older women (aged 65 years and older),
PA is cited as an antidote to anxiety about the aging process,
reflecting a similar emotion regulation function of PA [98].
Although considerable research has shown that PA engagement
is negatively associated with concurrent and future negative
affect [99-101], there has been less empirical investigation of
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whether negative affect (or positive affect) prospectively predicts
PA [94].

Research specific to midlife women confirms that PA
engagement is inversely associated with negative affect in this
population [102-104]. However, as examinations of prospective
relations between mood states and future PA engagement among
midlife women are scarce, it is not yet clear which mood states
(and contexts for these states) are associated with women’s PA
during midlife. For example, midlife women may be more likely
to engage in PA when they experience positive (vs negative)
emotions, or they may use PA to manage negative emotions
(eg, stress) or physical symptoms (eg, menopause), or both,
under different circumstances [105]. A better understanding of
relations between mood state and subsequent PA for midlife
women and contextual moderators of this relation (eg, certain
types of social interactions) would help to clarify emotional
predictors of PA in an at-risk group.

Assessing PA Influences Among Midlife Women Using
Within-Person Methods
Recent evidence shows that when assessed repeatedly over
hours and days, both PA and each of the psychosocial
experiences described above (body satisfaction, social
interactions, social comparisons, and mood state) can vary
considerably within the same person [50,70,106,107], and
relations at the between-person level may not translate to the
within-person level. For example, a stronger (vs weaker)
between-person tendency to make upward comparisons is
associated with greater engagement in PA [108], although
experiencing an upward comparison may be associated with
less PA in the short term (if an individual engages in upward
contrast) [75,109]. As such, additional work to clarify the nature
and extent of relations between psychosocial experiences and
PA will be most accurate and informative if it captures
variability at both levels and differentiates within- from
between-person relations. This requires repeated assessments
of the same individual over multiple time points, gathering data
as relevant experiences that occur in daily life. EMA is one such
method that typically prompts self-reports multiple times per
day. This limits the window for recall and the need for the
respondent to aggregate across experiences, as required by
global (person-level) self-report [54].

In an EMA design, self-reports can be prompted by signals to
handheld devices such as mobile phones. The timing of
responses can be verified by this technology, and item responses
can be examined for temporal associations with one another or
with other ambulatory assessments (eg, behavior in the real
world). Examining within-person associations between EMA
survey responses (eg, capturing psychosocial experiences) and
objectively assessed PA in the natural environment is an
underused approach to understanding PA variability and its
influences in real time [110]. Although previous work has
established the feasibility of using EMA with midlife women
[111-113], to our knowledge, an EMA approach to
understanding psychosocial predictors of PA variability has not
yet been used among women in this life stage with elevated
disease risk [114].

The primary aim of this study is to examine within-person
relations between midlife women’s psychosocial experiences
(ie, body satisfaction, social comparison, social interactions,
and mood state) and their PA to identify moment-level
experiences associated with higher versus lower PA for this
population. Secondary aims are to determine the timing and
duration of these effects and to examine person-level moderators
of within-person relations. Specific research questions to be
addressed in this study include the following:

1. To what extent do body satisfaction, perceptions of social
interactions, social comparisons, and mood state vary
between- versus within-person among midlife women with
elevated CVD risk?

2. To what extent does PA vary between- versus within-person
among midlife women with elevated CVD risk?

3. Are moment-level differences in body satisfaction,
perceptions of social interactions, social comparisons, and
mood state related to differences in PA for these women
(within-person)?

4. Do person-level characteristics such as age, BMI, or
menopause status moderate within-person relations between
psychosocial experiences and PA for these women?

Objective
The purpose of this paper is to present the protocol for an EMA
study designed to capture within-person relations between
psychosocial experiences (ie, body satisfaction, social
interactions, social comparisons, mood state) and PA among
midlife women with elevated cardiovascular risk.

Methods

Project Overview
Project WHADE is a study of relations between midlife
women’s psychosocial experiences and PA in everyday life.
Midlife women (aged 40-60 years) with one or more CVD risk
markers complete a 10-day EMA procedure, whereby they
self-report on their recent body satisfaction, social interactions,
social comparisons, and mood at 5 semirandom times per day.
For the same 10 days, they also wear a waistband accelerometer
to capture their PA during waking hours. All study activities
were approved by the Rowan University and Rowan School of
Osteopathic Medicine institutional review boards (approval
Pro2018002377).

Target Population and Eligibility
Women are eligible if they are aged 40 to 60 years (inclusive)
and have one or more additional cardiovascular risk factors.
These include smoking (current or quit within the past 3 months)
or diagnoses of prediabetes, type 2 diabetes, hypertension,
prehypertension, hyperlipidemia, hypercholesterolemia, or
metabolic syndrome. Additional inclusion criteria were English
language proficiency, no medical contraindications to PA, not
currently pregnant, not currently engaged in a formal weight
loss program, no comorbid medical conditions or psychiatric
symptoms that would impede participation (eg, injury, active
psychosis), and the ability to complete momentary electronic
surveys via a personal mobile device (eg, smartphone or tablet).
Individuals are excluded from participation if they do not meet
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the above criteria or if they state an intention to move away
from the geographic area during the study period. Eligibility
was not limited by current level of PA engagement, as existing
evidence and pilot work suggested that engagement would range
from low to moderate for the target population [115,116].

Sample Size and Recruitment
The recruitment goal for this study is 100 participants and still
ongoing. The sample size was calculated for cross-level
multilevel models (described below) following estimates from
simulations by Hox [117,118]. Using conservative estimates of
compliance from previous studies and our pilot data (ie, 80%
of surveys completed in the correct time window [111,113]), a
sample size of 100 participants (level 3) with 10 days of
observation (level 2) 5 times per day (level 1) would generate
a minimum of 4000 completed surveys (maximum 5000). This
number of observations exceeds the thresholds identified for
detecting between-person (level 3) moderators of time-sensitive
relations (level 1).

This study uses 2 primary recruitment strategies: web or print
advertisements and direct referrals from providers in family
medicine clinics. Web advertisements include a study-specific
webpage, email announcements for employees and students at
the supporting institution, social media posts (eg, Craigslist,
Twitter, Facebook), and advertisements on local news websites.
Print advertisements (ie, flyers, postcards) are posted in public
locations such as libraries and community centers and appear
in local newspapers. All advertisements provide phone and
email contact information for the research team and offer
interested individuals the option to complete an initial survey
as their first step (see below).

Direct referrals take place on-site in family medicine clinics run
by Rowan School of Osteopathic Medicine. Study collaborators
identify patients with upcoming appointments who meet the

eligibility criteria (based on chart review) and provide them
with study information following their medical visit. Study staff
are available on certain days of the week to provide additional
information to interested individuals and to schedule telephone
screenings.

Telephone Screening
Potential participants are asked to complete a 10-min telephone
screening with trained research staff, who verify eligibility,
explain study procedures, and answer questions. Those who
remain interested in participating are scheduled for a face-to-face
setup appointment (baseline) and are directed to complete an
initial electronic survey before their appointment. Women who
take the initial survey as their first expression of interest receive
a follow-up call and/or email from study staff to complete or
schedule the screening call, respectively.

Initial Survey
Eligible women who engage in telephone screening and schedule
an initial appointment are sent a Qualtrics survey link via email.
This survey assesses demographics, contact information, recent
psychosocial and physical experiences (eg, symptoms of
depression and anxiety, health-related quality of life), global
social perceptions (eg, social support, social comparison
tendencies), and previous experience with PA promotion
programs (self-guided and professionally supported). See Table
1 for additional description of the measures included. Study
staff monitors for completion of this survey before the scheduled
baseline appointment and prompts potential participants via
phone or email if it is not completed by the morning of the
appointment. As noted, the survey is also available as a first
point of contact. For those who complete the survey first, study
staff use the contact information entered into the survey to
conduct or schedule the telephone screening.
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Table 1. Baseline measures.

Measure (reference)DescriptionConstruct

Developed for this studyAge, self-reported height and weight, income, education, marital status,
ethnicity, race, medical conditions, menopause status

Demographics

Developed for this studyFrequency of engagement with various social media platforms Exam-
ple: How often to you use each of the following? (Facebook, Twitter,
etc.) – Less than one day per week (1) to More than once per day (7)

Social media behavior

SF-36a Health Survey [119]Physical and mental quality of life over the past four weeksHealth-related quality of life

Barriers to Being Active Scale [120]Factors that are perceived to get in the way of PAb engagementActivity barriers

Outcome Expectancies for Exercise Scale [121]Expected outcomes of PAExercise motivation

Developed for this studySuccessful and unsuccessful attempts to increase exercise in the past
year Example: In the past year, how many times have you started a
formal exercise program, such as joining an ongoing group at a gym?
(Numeric entry)

Lapses in exercise

Beck Anxiety Inventory [122]Symptoms of anxiety over the past monthAnxiety

Body Image Quality of Life Inventory [48]Perceived influence of body image on quality of lifeBody image

Center for Epidemiologic Studies Depression
Scale [123]

Symptoms of depression over the past four weeksDepression

Perceived Stress Scale [124]Perceived intensity of stress over the past monthPerceived stress

Pittsburgh Sleep Quality Index [125]Subjective sleep quality and intensity of sleep disturbances over the
past month

Sleep quality

Problem Orientation Questionnaire [126]Attitudes related to problem solving approach and abilitiesProblem orientation

Iowa-Netherlands Social Comparison

Orientation Measure [127]

Tendency to make social comparisons and value information from
them

Social comparison

orientation

Social Support Appraisals Scale [128]Perceived support from family and friendsSocial support

aSF-36: 36-Item Short-Form Health Survey.
bPA: physical activity.

Baseline Appointment
Women who complete the initial survey attend an on-site, 1-hour
individual session at a research center with a trained staff
member. During the visit, the staff member obtains written
informed consent, measures the participant’s height and weight,
and reviews study procedures. This includes wear and care of
accelerometer and a detailed explanation of survey items.
Instructions indicate that participants should complete EMA
surveys within 1 hour of receiving them. This window for
completing a survey was based on feasibility protocols from
similar populations [111] and on pilot work with the population

of interest to maximize survey completion within the context
of participants’ work and personal commitments.

Participants are also given a folder with study materials to take
home (eg, reminders from the baseline discussion, frequently
asked questions about the accelerometer, an accelerometer wear
log). The 10 days of EMA data collection in the participant’s
natural environment are intended to begin the day after the
participant’s baseline appointment. At the end of the baseline
visit, participants are scheduled for a 15-min follow-up
appointment to take place after the last day of the EMA data
collection. See Figure 1 for a timeline of enrollment and data
collection procedures.
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Figure 1. Screening, enrollment, and data collection procedures. EMA: ecological momentary assessment.

EMA Survey Schedule, Distribution, and Monitoring
The design of this study uses a signal-contingent approach, such
that participants complete surveys in response to a signal (ie,
text message). EMA surveys are scheduled and distributed via
Qualtrics. Before study initiation, study staff generated survey
schedules with semirandom timings anchored to 1 of 3 sets of
specified times. These times were selected based on pilot work
with the population of interest, which informed the expected
frequency of events such as social comparisons, and were
intended to maximize coverage of waking hours while
minimizing reporting windows (and limiting retrospective recall)
[129]. The sets of times were based on standard sleep or wake
times for a 9:00 AM to 5:00 PM work schedule (8:30 AM, 12:15
PM, 3:45 PM, 6:30 PM, and 9:45 PM), an early-rising schedule
(6:30 AM, 9:15 AM, noon, 3:30 PM, and 6:45 PM), and a
late-rising schedule (11:00 AM, 2:35 PM, 5:45 PM, 8:45 PM,
and 11:15 PM). The staff created 3 versions of each schedule
and use a random number generator to assign 1 of the 3 survey
schedules that match a participant’s sleep or wake schedule.
Survey schedules do not differ between weekdays and weekends.

Survey distribution via text message with embedded web links
is programmed immediately after a participant’s baseline

appointment, and survey completion is monitored over the next
10 days. Research staff manually identify surveys outside of
the 1-hour time window for reporting and surveys that repeat
within the same 3-hour window (duplicates) for exclusion from
statistical analyses.

Follow-Up Appointment
After completing the 10-day accelerometer and survey protocol,
participants return to the research center for their scheduled
follow-up visit. Participants are asked to bring their
accelerometer and a record of wear. A staff member conducts
a brief exit interview to assess any difficulties, answer questions,
and gather information about the participant’s preferences for
future PA interventions. Participants who express interest in
receiving mental and/or physical health resources are provided
with materials sent via email. Those who indicate that they
would like to view their PA engagement data are provided with
a copy of their daily summaries. Summaries include daily totals
for steps, sedentary time, and time spent in light, moderate, and
vigorous activities.

Compensation
Participants receive up to US $55 as compensation. They receive
US $15 for attending the baseline appointment and US $30
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when they return for follow-up. Those who return their
accelerometers and complete more than 80% of EMA surveys
receive an additional US $10 bonus at follow-up.

EMA Survey: Self-Rated Measures
EMA items were initially based on those used in previous
intensive longitudinal assessment studies and were pretested
for revision with the target population in 2 ways. Initial items
were generated using previous work as a guide and were
distributed in a 7-day pilot EMA study with women who met
the criteria for this study (June 2017-May 2018; n=13). These

items were revised based on participant feedback, and modified
items were discussed in individual face-to-face interviews with
a different group of women who met the criteria for this study
(October 2018-December 2018; n=10). Interview feedback
informed further item refinement, and the items used in the
EMA surveys are presented in Textbox 1. EMA surveys were
designed to take no more than 5 min to complete. The second,
third, and fourth surveys each day included 29 items each;
additional items in the first and last surveys of the day brought
the totals for these surveys to 30 and 32, respectively.
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Textbox 1. Ecological momentary assessment survey construct and items.

Sleep quality (first survey of the day only):

• How would you describe your sleep last night?

• Excellent

• Good

• Average

• Poor

• Terrible

Mood state:

• How much have you experienced the following emotions: angry or frustrated, sad, happy or excited, content, anxious or stressed?

• Not at all

• Somewhat

• Very much

Pain:

• Have you had any physical pain in the last three hours?

• Yes

• No

• If yes, which areas of your body? List all that apply.

• If you have had pain, please rate the overall severity of your pain:

• Mild

• Moderate

• Severe

• Very severe

Positive social interactions:

• Did you have positive or pleasant social experiences with any of the following today?

• Friends

• Coworkers

• Acquaintances

• Family

• Strangers

• Other

• Total number of times you had positive or pleasant social experiences in the last three hours

• Overall, how positive or pleasant were your social experiences in the last three hours?

• Not at all

• Moderately

• Very

Negative social interactions:

• Did you have negative or unpleasant social experiences with any of the following today?

• Friends

• Coworkers
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Acquaintances•

• Family

• Strangers

• Other

• Total number of times you had negative or unpleasant social experiences in the last three hours

• Overall, how negative or unpleasant were your social experiences in the last three hours?

• Not at all

• Moderately

• Very

Social comparisons:

• In the last three hours, did you think about or evaluate yourself or your behavior in comparison to someone else (or someone else in comparison
to yourself)?

• Yes

• No

• How many times did you compare yourself to someone else in the last three hours?

• Did you communicate with the person you compared to?

• Yes. I talked to them in person, or on the telephone, or online (eg, Facebook message)

• No. I saw, heard about, read about, or thought about them but did not communicate

• Both

• What aspects of yourself did you compare? Select all that apply.

• Appearances

• Health habits

• Status

• Emotions

• Personality

• Abilities

• Other

• Below are some interpretations of the comparisons you may have made. Please indicate how many of each type you made since the last time you
responded. Comparisons to people who

• Seem to be doing better than I am

• Seem to be doing about the same as I am

• Seem to be doing worse than I am

Most recent comparison:

• Now consider only your most recent comparison. Did you communicate with the person you compared to?

• Yes. I talked to them in person, or on the telephone, or online (eg, Facebook message)

• No. I saw, heard about, read about, or thought about them but did not communicate

• Both

• What aspects of yourself did you compare? Select all that apply.

• Appearances

• Health habits

• Status
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Emotions•

• Personality

• Abilities

• Other

• As you compared yourself, how much did you focus on each of the following: how similar I am to the person I compared to; how different I am
to the person I compared to?

• Not at all

• Somewhat

• Very much

• After the comparison, how much did you feel each of the following: inspired, encouraged, or hopeful about my own situation; anxious, frustrated,
or discouraged about my own situation?

• Not at all

• Somewhat

• Very much

Motivation for physical activity (PA):

• How motivated are you to be physically active in the next few hours?

• Not at all

• A little bit

• Somewhat

• Very

PA intentions:

• Do you have plans to do cardiovascular exercise in the next few hours (such as going for a brisk walk or doing a strength DVD routine)?

• No, no plans to exercise

• Yes

• If yes, how many planned minutes?

• If yes, what kind of exercise?

Overall rating of the day (last survey of the day only):

• Was today a typical day for you, with respect to physical activity or exercise?

• Not at all. A lot less active than usual

• Mostly. A little less active than usual

• It was a typical day

• Mostly. A little more active than usual

• Not at all. A lot more active than usual

• Was today a typical day for you, with respect to eating?

• Not at all. A lot worse than usual

• Mostly. A little worse than usual

• It was a typical day

• Mostly. A little better than usual

• Not at all. A lot better than usual

• Number of meals eaten today

• Number of snacks eaten today
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Body Satisfaction
Current body satisfaction is assessed with 1 item (“How would
you describe your body satisfaction right now?”). Responses
are rated on a 4-point scale ranging from 1 (very dissatisfied
with my body) to 4 (very satisfied with my body) [50,130].

Social Interactions
Perceptions of social interactions since waking up (first survey
of the day) or in the last 3 hours (all subsequent surveys of the
day) are assessed with 6 items; 3 items focus on positive or
pleasant interactions, and 3 on negative or unpleasant
interactions. For each type, participants are asked to report the
category or categories of others they interacted with (eg, family,
friends, coworkers, strangers), the number of individual
interactions they recall in the respective time frame, and the
overall intensity of the interactions in that time frame (“How
positive/pleasant were these experiences?”). The latter is rated
on a scale of 1 (not at all) to 3 (very). Instructions specify that
the number of interactions refers to the number of events, rather
than the number of people, such that an interaction with a group
counts as a single instance [55,61,131].

Social Comparison
Occurrence, type, and response to social comparison are
assessed with 10 items. Participants are asked to report how
many times they made social comparisons since they woke up
(first survey of the day) or in the last 3 hours (all subsequent
surveys of the day). Instructions specify that comparison
includes any instance of evaluating an aspect of the self or one’s
own behavior relative to that of others and that some
comparisons might prompt emotional responses, whereas others
might not. Both types should be counted in participants’
responses. Those who report one or more comparisons are asked
what aspect or aspects of the self they compared (eg, appearance,
health habits, abilities, etc) and the direction or directions of
their comparisons (if they perceived the target to be upward,
lateral [same as the self], or downward). Participants are also
asked to provide these details about their most recent comparison
before completing the survey, with additional items related to
identification or contrast processes and affective response to
the comparison (Textbox 1) [70,132,133].

Mood State
Recent mood state is assessed with 5 items, referring to how
much participants have experienced each emotion since they
woke up (first survey of the day) or in the last three hours (all
subsequent surveys of the day). Participants are asked to report
on a three-point scale ranging from 1 (not at all) to 3 (very
much) for the following mood states: angry, happy or excited,
stressed or anxious, sad, and content [134,135].

PA Motivation and Intentions
These experiences are assessed using 4 items. First, participants
are asked to report how motivated they are to be physically
active within the next few hours (surveys 1-4 of the day) or on
the following day (survey 5 of the day). Second, participants
are asked whether they have intentions of doing cardiovascular
exercise in the relevant time frame; if they answer “yes,” they
are asked to record the number of minutes they plan to exercise

and the type of exercise they plan to do (eg, walking, taking an
exercise class) [89,136-138].

Additional Experiences Assessed
EMA surveys also query for additional experiences that may
affect engagement in PA and end-of-day reports on PA and
other health behaviors. These include sleep quality (first survey
of the day), pain (occurrence, location or locations, and intensity;
all surveys), perception of whether the day was typical with
respect to PA and eating behavior (last survey of the day), and
the number of meals and snacks consumed that day (last survey
of the day) [139-141].

Activity Monitor
PA is assessed using the ActiGraph GT3X triaxial accelerometer
(ActiGraph Corporation). Participants are instructed to wear
the device aligned with their dominant hip during waking hours
for 10 days following their baseline visit. They are asked to
keep the device near their beds to limit forgetting to put it on
upon waking, and to remove it for activities such as showering
and swimming. Participants are also asked to complete a paper
log for any time they remove the device for longer than 15 min
during their waking hours, which is provided in the folder of
study materials to bring home with them. PA parameters,
including minutes of sedentary, light, moderate, and vigorous
activity, are calculated using the ActiPro package for R.
Moderate and vigorous minutes will be combined to estimate
moderate-to-vigorous intensity physical activity. Time frames
of interest include the concurrent reporting window (ie, 3 hours
before each survey) and 30, 60, and 120 min after each survey
to clarify the timing and duration of any observed effects [142].

Data Analysis Plan
Multilevel models will be used to address the nested structure
of self-report and accelerometer data: momentary assessments
(level 1) within days (level 2) within individuals (level 3).
Missing data patterns will be evaluated, and all models will
employ maximum likelihood estimation techniques, which
include all available cases and are robust to missing data (such
as missed surveys or missed items within surveys). Initial empty
models will evaluate the proportion of variance accounted for
at each level for each PA parameter using the intraclass
correlation coefficient. Within-person relations between
psychosocial determinants and PA will be tested (in separate
models for each PA parameter) by controlling for person-level
covariates and the stable, person-level association between the
predictor of interest and PA. These models allow for the
identification of moment-level differences from an individual’s
average that are associated with higher- or lower-than-average
PA. Age, BMI, menopausal status, and the number of CVD risk
factors will be considered as covariates and may be examined
as person-level moderators of within-person relations.

Results

To date, 172 women have expressed interest in participating
via email, phone, family medicine clinics, or the initial survey.
Of these women, 101 were contacted for screening and
scheduled a baseline appointment; 76 women attended the
appointment, and 75 of then completed the full EMA protocol
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and returned for their follow-up appointment (99% retention).
Most of the enrolled participants identified as white (56/75,
75%) and married (44/75, 59%); 23% (17/75) reported
household incomes of less than US $50,000, and 23/75 (31%)
did not finish a bachelor’s degree program or received an
associate’s or technical degree. The largest subsets of
participants qualify as obese (52/75, 69%), postmenopausal
(29/75, 39%), and report a previous diagnosis of high cholesterol
(39/75, 52%). Recruitment and enrollment will continue until
the target sample size of 100 is reached (expected in Fall 2020).

Discussion

Project WHADE is designed to assess 4 psychosocial
experiences that are hypothesized to predict midlife women’s
PA: body satisfaction, social interactions, social comparison,
and mood state. This paper describes our approach to
understanding within-person relations between these experiences
and PA and highlights existing challenges to be considered in
future work.

Methodological Challenges and Decisions
Given that EMA for capturing psychosocial influences on PA
remains to be somewhat novel compared with other methods
(eg, retrospective self-report, group-based experimental designs),
there is limited evidence to inform key methodological decisions
such as item wording for the constructs of interest, participant
instructions, or optimal survey frequency and timing. As noted,
we based the wording of our EMA items on those from existing,
relevant studies and subjected them to 2 rounds of pilot testing
with the population of interest. This also allowed us to gather
feedback and estimates of survey and accelerometer compliance
with the timing selected (ie, surveys 5 times per day and
accelerometer wear for 10 days), which was intended to cover
a representative subset of participants’ typical experiences while
maximizing power and minimizing recording burden [143]. In
addition, we trained study staff to provide participants with
scripted, detailed explanations of each item at baseline visits to
limit individual differences in how participants understand each
psychosocial construct and item; it is not clear how widespread
such procedures are or how effective they might be for reducing
reporting noise. As the use of EMA and other intensive
assessment methods increases, it would be helpful to see more
detailed reporting of processes for item construction, participant
instructions, and pilot testing.

An advantage of EMA is its ability to assess experiences as they
occur, using item wording that focuses on the present moment.
In this study, we are intentionally using a different frame of
reference (ie, “since you woke up/in the past three hours,” to
capture time since the previous prompt) to assess social
interactions, social comparisons, and mood state. This decision
was based on the low likelihood of capturing social interactions
and social comparisons in the moments that they occurred, as
participants were not expected to interrupt social activities to
complete the surveys. This approach also allows survey
responses to capture events in the very recent past, rather than
missing them if they are not currently happening. Similarly, we
expected mood state to fluctuate throughout the day, and for
mood states that predominated over 3-hour spans to be more

predictive of PA than immediate emotions (which might be
fleeting). For this reason, mood state was assessed as a summary
of the past three hours, rather than as a reflection of mood state
at the immediate moment of survey completion. Although
decisions about the time frames for these reports were based on
existing research and our specific research questions, it is
important to acknowledge the associated limitations. Primarily,
recall bias and forgetting are inherent in any retrospective report,
and it will be possible that reports be skewed toward salient
experiences or underestimate their true frequency in the natural
environment [129,144]. However, to remain consistent with
existing EMA studies of body image [130,145,146], we focus
our assessment of body satisfaction on participants’ immediate
experiences. Consequently, interpretation of findings will require
attention to this difference between reporting time frames.

An early consideration involved the method of distribution of
EMA surveys to participants’ personal smartphones. Although
professional services exist to manage survey distribution (and
were considered for Project WHADE), payment regulations
presented barriers to hiring outside assistance. Consequently,
as in our pilot work, survey scheduling and distribution were
managed by study staff, via Qualtrics. A strength of this method
is that it offers researchers a great deal of control over and
insight into the distribution process. However, this method is
time-consuming for study staff and may be prone to error, and
it requires additional time for rechecking to limit mistakes. The
effectiveness of this method also depends on the cell phone
carrier and network availability. For example, carriers
periodically experience temporary outages during which text
messages are not received. As individuals with certain coverage
are not able to receive text messages from Qualtrics, a subset
of participants are set up to receive EMA surveys via email and
are asked to ensure that their smartphone email notifications
mirror those of their text messages. To address this difference
between participants, the method of survey delivery will be
examined as a moderator of survey completion and responses
and will be included as a covariate if it shows significant
associations with either of these variables.

In addition, it is common for each survey to appear in a unique
text message (rather than as a threaded conversation), and a
small subset of participants has encountered confusion and
completed the wrong survey when prompted. To ensure that
the final dataset is accurate, survey numbers are coded manually
by study staff based on their completion time stamps, and
duplicates are deleted.

Significance of Project WHADE
Despite these challenges, this study should provide useful
insights into midlife women’s PA. Project WHADE is one of
a limited number of studies that use EMA to identify
within-person variability in and predictors of PA [114]. Unlike
traditional (between-person) methods, this approach
acknowledges that PA engagement varies within persons from
day to day and throughout the day and that the pattern of PA
variation may differ between people. As such, this study is
powered to detect moderate effects of both within-person
relations between proposed predictors and PA and
between-person moderators of these relations. To our
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knowledge, this is the first study to use an EMA approach to
understanding influences on PA among midlife women with
elevated risk for CVD. This is a population for whom increased
PA would have particularly meaningful health benefits, and
despite considerable effort to date, few effective PA
interventions exist for this group.

An additional advantage of EMA (and similar designs) is that
it can be useful for identifying both group- and individual-level
patterns. For example, it is possible that some midlife women
are more likely to engage in PA after making an upward
comparison, whereas others are more likely to engage in a
downward comparison. As such, if a social comparison was
included as a behavior change technique to be harnessed in
future interventions for this population, it is possible that
providing only 1 type of comparison opportunity (eg, exposing
all participants to upward targets) would work well for some
participants and not others. The use of EMA to identify these
differences, which represent individual differences in
within-person relations, could inform the tailoring of the content

provided by future interventions to particular subgroups and
individuals [54]. Thus, an examination of PA at the
within-person level could improve our basic understanding of
the relations between day-to-day experiences and
cardioprotective behavior in an at-risk group and potentially
help to identify and clarify appropriate targets for tailored
interventions for this population.

Together, these features of Project WHADE suggest that it is
poised to address gaps in the current understanding of
within-person processes associated with PA variability. We
hope that a greater understanding of the within-person predictors
of change in PA will provide information useful to the design
of interventions, including novel just-in-time approaches that
can respond to participants in real time [54]. Although Project
WHADE will provide this information for a particular subset
of adults (ie, midlife women with cardiovascular risk markers),
the overall approach may serve as a model for future
investigations of PA determinants and their potential for
translation to intervention.
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Abstract

Background: Digital technologies are increasingly pervading our daily lives. Although older adults started using digital
technologies later than other age groups, they are increasingly adopting these technologies, especially with the goal of
communicating with others. However, less is known about how online social activities are embedded in older adults’ daily lives,
how they complement other (offline) social activities, and how they contribute to social connectedness and well-being.

Objective: Data generated by this project will allow us to understand how older adults use digital communication in their daily
lives to communicate with others, how this relates to well-being and social connectedness, and how communication using digital
technologies differs from other types of communication depending on situational and individual characteristics.

Methods: Microlongitudinal data were collected from 120 older adults from German-speaking regions of Switzerland to examine
these questions. Data collection took place from April 2019 to October 2019. Data collection took place over different time scales,
including event-based (reporting all social interactions for 21 days), daily (well-being, loneliness, and technology use every
evening for 21 days), hourly (cortisol assessments 6 times per day for 3 days), and baseline (relevant interindividual characteristics,
including sociodemographics, health, technology use, personality, and cognitive performance) assessments.

Results: Data collection for this study was completed in November 2019. Participants reported an average of 96.35 interactions
across the 21 days. Among the total 11,453 interactions, 5494 (47.97%) were face-to-face, and around 16% each were interactions
by phone (1858, 16.16%), email (1858, 16.22%), and text message (1853, 16.18%). Otherwise, 246 (2.15%) of the interactions
took place on social media, 96 (0.84)% were letters, and 54 (0.47%) of the interactions took place on videochat.

Conclusions: Participants used a variety of modalities in their daily communication, including digital means such as text
messages, email, and video calls. Further analysis will provide more detail as to the role that communication via digital media
plays in older adults’ daily lives.

International Registered Report Identifier (IRRID): RR1-10.2196/20306

(JMIR Res Protoc 2020;9(10):e20306)   doi:10.2196/20306

KEYWORDS

digitalization; older adults; microlongitudinal; social communication

Introduction

Background
Social interactions are a basic human need, serving a multitude
of purposes by fulfilling the need for social integration and by

providing feelings of closeness, relatedness, social support, and
belonging with others [1-7]. The quantity and quality of social
interactions have an impact on subjective well-being and quality
of life [8,9], and are associated with better health [10-13].
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The digital revolution has offered more and more possibilities
for individuals to connect with others and share experiences.
Younger people use the internet almost universally, while older
adults increasingly use digital technology to communicate, albeit
at lower proportions than younger adults [14]. Although the use
of digital technology comes naturally to those who have been
familiar with it their entire lives, or have used the technology
during their professional lives, older generations might find it
more difficult to become accustomed to using these new
technologies. However, these technologies could be more and
more useful for older people today. Growing distances between
family members as well as declining marriage and birth rates
[15,16] may lead to concerns that older adults are at increasing
risk of loneliness. This stands in contrast to findings that show
lower levels of loneliness in older adults currently compared to
previous generations [17,18]. Therefore, it is vital to investigate
possible mechanisms by which older adults might compensate
for weaker family ties.

One compensatory mechanism is the move from mainly
family-oriented to more friend-focused social circles [19,20].
In addition, a greater variety of living situations have become
more accepted in recent years; for example, being divorced does
not affect social loneliness to the same extent as in previous
generations [21]. Finally, the digital revolution offers older
adults the opportunity to stay in close contact with family and
friends, regardless of geographical distance, as well as the
opportunity to connect with new social contacts based on shared
interests [22].

Older adults use the internet at increasing rates [14,23]. In
Switzerland, 32% of older adults report having a smartphone
and 26% own a tablet computer [24]. The internet is used most
commonly to communicate with others [25], and the same is
true for older adults’ internet use: in Switzerland, 80% of older
internet users report using the internet for social interactions
[23]. In addition, older internet users agree that the internet has
made it easier for them to reach people [26]. Despite the increase
in older adults’ internet use, some older people still do not have
access to digital technologies. Sociodemographic characteristics
play an important role [27], such as education [28] and age
[14,23]. Furthermore, cognitive ability is a stronger predictor
of older adults’ internet use than age alone [29]. Need for
cognition, a personality trait that reflects a preference for
cognitively effortful activities, is also positively associated with
the frequency of internet use in older adults [30].

Previous research has primarily focused on factors that predict
internet use in older adults, as well as the activities older adults
perform online. However, relatively little is known about how
older adults integrate digital technologies into their day-to-day
lives [31]. To begin to understand the role of digital technologies
for social interaction and for reducing loneliness in old age, it
is vital to investigate the (digital) social lives of older adults.

Information about social interactions is often gathered through
retrospective self-reports; however, these responses may be
biased by more salient recent events [32]. In contrast, in an
event-contingent, microlongitudinal approach, participants
answer a set of questions each time a prespecified event, in this
case a social interaction, occurs [33]. This enables participants

to report their experiences and reactions to this event
immediately, or soon after it occurs, and minimizes retrospective
bias. Several studies have investigated social interactions using
such microlongitudinal designs [34,35]. One study reported an
average of 7 interactions that lasted 5 minutes or longer [36,37],
highlighting the large amount of data that can be collected using
such a design. Thus, detailed information about the social lives
of older adults will facilitate the investigation of a variety of
research questions related to older adults’ use of digital
technology.

This Study
To study the day-to-day social experiences of older internet
users, this study is based on an event-contingent
microlongitudinal design. Specifically, participants were asked
to complete a brief protocol on every social interaction lasting
5 minutes or longer, and on every text-based interaction (eg,
letter, text message, email) over a period of 3 weeks. The brief
protocol assessed information about the duration, conversation
partner(s), and purpose, as well as the perceived quality of the
conversation.

In addition to the interaction reports, participants were asked
to fill in questionnaires every evening on their daily mood,
health, and feelings of loneliness. At baseline, data on global
measures of technology use, cognition, personality, loneliness,
and quality of life were collected. Finally, participants were
asked to provide 6 saliva samples per day for 3 days, which will
be used to examine daily trajectories of diurnal cortisol. Salivary
cortisol is a biomarker that is commonly used to assess stress
and resilience [38] throughout the lifespan and is also related
to loneliness [39]. Salivary cortisol has a detectable daily
rhythm, showing high levels in the morning, around 30 minutes
after awakening, and decreasing throughout the day [40,41].
This daily rhythm of cortisol secretion can reliably be detected
in older adults, despite increased intraindividual variability [42].

Research Goals
The goal of this study is to understand daily social experiences
and their associations with well-being in older internet users.
Specifically, the analyses will focus on individual patterns of
social communication and their relationship with facets of daily
and global well-being, taking into consideration the modalities
through which participants communicate.

Methods

Participants and Procedure
A total of 120 community-dwelling participants were recruited
for this project. Inclusion criteria were being aged 65 years and
above, using digital devices to communicate, sufficient vision
and hearing, and being fluent in German. Inclusion criteria were
aged 65 years and above, using digital devices to communicate,
sufficient vision and hearing, and being fluent in German.

Participants were recruited via advertisements in local and
national newspapers, and through a database of participants
hosted at the University of Zurich. Initial contact took place via
telephone or email, as preferred by the participant. Eligible
participants were invited to a baseline session at the University
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of Zurich, where they were given detailed information on the
study, had the opportunity to ask questions before giving
informed consent, received detailed instruction on the study
protocol, and received study materials to complete the protocol,
including the study smartphones, and Salivettes (Sarstedt AG
& Co, Nürnbrecht, Germany) to prepare saliva samples. All
information was also provided in written format for participants
to take away with them. In addition, they received a phone
number to call in case of any questions or problems. The study
took place over 21 days starting the day after this initial session.
After the first day of the study, participants received a phone
call from a research assistant to clarify potential questions.
During the study period, a research assistant was on call to
answer questions and provide technical support. After 21 days,
participants visited the lab to return study materials, give
feedback and share their experiences, and to complete a battery
of cognitive tests. Participants received CHF 150 (~US $164)
to thank them for their participation.

This study protocol was reviewed by the Ethics Committee of
the Faculty of Arts and Social Sciences at the University of
Zurich (Nr. 19.2.17).

Design
This study is planned according to a microlongitudinal design
with data collection occurring at different time intervals:
event-based, time-based, daily, and single assessments at
baseline, as summarized in Textbox 1. Participants were required
to complete a brief protocol on every spoken social interaction
lasting 5 minutes or longer and every text-based social
interaction for a period of 21 days. The brief protocol assessed
information about the duration, conversation partner(s), purpose,
as well as the perceived quality of the conversation. In addition,
data on participants’mood, loneliness, health, and technological
issues were collected daily. For the first 3 days of the study
period, participants were asked to prepare 6 saliva samples per
day. Finally, questionnaires assessing sociodemographic
information, health, quality of life, personality, and technology
use and attitudes, as well as cognitive ability tests were
completed at baseline.

Textbox 1. Data that will be collected throughout the project and timeline of data collection.

• Event-contingent measures

What: Interaction protocol

When: To be filled in after each interaction lasting more than 5 min

• Time-based/event-contingent combined (3 days)

What: Cortisol

When: After waking up, 30 minutes later, 12 pm, 4 pm, 8 pm, Just before going to bed

• Well-being

What: Mood, Loneliness, Health, Technical Issues

When: Daily

• Individual characteristics

What: Personality, Cognitive Performance, Loneliness, Quality of Life, Technology Use

When: Baseline

Apparatus

Interaction Data
Participants were given an iPhone 4S at the introductory session
at the University of Zurich. The questionnaires were
administered with the app “iDialogPad” (G Mutz, Cologne,
Germany). This questionnaire was an adaptation of the
Rochester Interaction Record [43] and included questions on
the time, duration, and communication medium of the
interaction; the purpose of the interaction and the interaction
partner; as well as affective states and interpersonal behavior
during and after the interaction (the full questionnaire can be
accessed on the Open Science Framework platform [44]).
Participants were asked to record interactions based on spoken
conversations lasting longer than 5 minutes and any text-based
conversation (eg, letters, emails, text messages). For
conversations by text message, we asked participants to

immediately record any text message they sent or received,
unless they were aware from the beginning that there would be
a longer exchange, in which case they could record this as one
conversation, and indicate how many text messages each person
sent or received.

Daily Well-Being
Participants filled in the Positive and Negative Affect Scale
[45] each evening, with the addition of 4 items (2 positive and
2 negative) assessing loneliness. They also indicated the state
of their health and physical well-being, as well as whether they
had experienced any problems with technology (not necessarily
related to social communication) that day. If they encountered
such a problem, they were asked to describe it briefly using a
few words. A daily reminder on the study smartphone reminded
them to complete this questionnaire.
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Cortisol
Participants were asked to provide a total of 18 saliva samples
for 3 days (6 samples per day). The samples were prepared using
Salivettes, which were labeled with the day and time they were
intended to be used and the participant number. Participants
were instructed to provide the first sample of each day before
getting out of bed in the morning; the second sample 30 minutes
later; the third, fourth, and fifth samples at 12 pm, 4 pm, and 8
pm, respectively; and the sixth sample just before going to bed.
They were reminded by notifications on the study smartphone
to collect each sample. Participants were asked not to eat, drink,
smoke, or do any exercise for 30 minutes before providing each
sample. Along with each sample, they were asked about their
activities during the 30 minutes prior to providing the sample.
During the initial session at the University of Zurich, research
assistants explained exactly how to prepare the saliva samples
using the Salivettes, and gave the participants the opportunity
to try this out.

Participants were instructed to keep the samples in the freezer
before bringing them to a final session at the University of
Zurich. They were supplied with freezer elements to keep the
samples cool during transport back to the university after the
data collection period. Saliva samples were stored in a freezer
until they were analyzed at the laboratory of the Clinical
Psychology and Psychotherapy unit at the University of Zurich.

Interaction Partners
In the interaction questionnaire, participants were asked to report
who they were interacting with by assigning a set of initials or
another identifier to each interaction partner. To be able to
remember the identifiers, participants were provided a form to
note down the information. This form was not collected from
participants to protect the identity of the interaction partners.

At the final session at the University of Zurich, participants
were asked to fill in a short questionnaire asking about their
relationship with each interaction partner. This also included
questions about the age of the interaction partner as well as the
participant’s relationship to them, how long they had known
each interaction partner, and their spatial distance. In addition,
participants provided information about their social network
using the hierarchical mapping technique [46]. Participants
indicated how close they felt to each interaction partner and
also included any other individuals whom they consider to be
part of their social circle but who they were not in touch with
during the study period. The full codebook can be accessed on
Open Science Framework [44].

Baseline Measures
Participants filled in a set of questionnaires in their own time
during the study period. They were given a choice between
filling in an online version of the questionnaire that they could

access through an emailed link or a pen-and-paper version that
they could take home with them at the initial study session. The
questionnaire included sociodemographic information,
technology use [47-51], communication preferences, concerns
related to internet use, social network [52,53], loneliness [54],
well-being [45,55], health [56,57], and personality [1,58-64].
The full codebook can be accessed on Open Science Framework
[44].

Cognitive Measures
Participants completed a battery of cognitive tests at the final
session, including measures of reasoning (subtests of the Berlin
Intelligence Structure test: numerical reasoning, delayed recall,
numerical/logical reasoning, verbal reasoning/general
knowledge, spatial reasoning, verbal reasoning, numerical
reasoning/memory [65]) and the Leistungsprüfsystem für
50-90-jährige (LPS 50+; subtest 3, spatial reasoning [66],
perceptual speed [67,68], vocabulary [69]).

Results

Sample Demographics and Descriptive Characteristics
Data collection started in April 2019 and was completed in
November 2019. Participants were on average 73 years old (SD
5.08, range 66-95 years). Most of the participants were highly
educated: 26.7% (32/120) completed their school education
with the Swiss Matura, a secondary school degree qualifying
for university education. The vast majority (98.3%, 118/120)
completed further training after school with 22.5% (27/120)
completing university, including 4.2% (5/120) participants with
a PhD.

In general, participants were very technologically versed. On
the computer proficiency questionnaire [47], they scored an
average of 132 out of 160 possible points; 96.7% (116/120) of
participants owned a computer, 86.7% (104/120) owned a
smartphone, and 65.8% (79/120) owned a tablet. Generally,
40.0% (48/120) of participants reported that using the internet
to communicate had made them feel closer to other people,
50.0% (60/120) reported that nothing had changed, and 10.0%
(12/120) reported that they felt less close to other people.

Participants reported an average of 96.35 interactions across
the 21 days (SD 67.57, range 9-517). These data are summarized
Table 1. Women reported a higher average of interactions than
men. The majority of interactions were face-to-face, followed
by interactions by phone, email, and text message with relatively
equal frequencies. Social media, letters, and videochat were the
least frequent types of interactions reported.

Most conversations took place with people the participants
knew, with less than 10% of the conversations taking place with
people they did not know and service providers, respectively.
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Table 1. Descriptive characteristics of the reported conversations (N=11,453).

ValueCharacteristic

Number of conversations reported (mean)

96.35Total

98Women

71Men

Conversation modality, n (%)

5494 (47.97)Face to Face

1851 (16.16)Phone

1858 (16.22)Email

1853 (16.18)Text

246 (2.15)Social media

96 (0.84)Letters

54 (0.47)Videochat

Conversation partner, n (%)

9700 (84.69)Known to the participant

936 (8.17)Unknown to the participant

817 (7.13)Service providers

Examples of Planned Analyses
These data will enable more detailed investigation of how daily
social interactions can shape older adults’ daily lives, as well
as how intraindividual interaction patterns are related to
individual differences such as personality or cognition.
Specifically, we will also be able to further examine the role of
different patterns of communication through digital modalities
in older adults’ daily lives and well-being. To analyze the
interplay between (digital) social communication, well-being,
and individual differences, we will conduct multilevel analyses
to capture the individual variety in communication patterns.
This includes investigating the relationship between daily
communication patterns and mood in relation to personality and
closeness with interaction partners, the relationship between
personality (especially openness) and use of digital technologies,
and the relationships among daily communication patterns,
loneliness, and diurnal cortisol.

Discussion

With the increasing digitalization of our society, communication
using digital technologies is becoming more prevalent. Older
adults have also adopted these technologies and are starting to
use them widely. The data generated by this project will allow
us to understand how older adults are using digital
communication technologies in their day-to-day lives, and how
the use of these technologies is related to social connectedness
and well-being. Specifically, one of the major aims of our study
is to understand the role of the quantity and quality of social
interaction for social connectedness and well-being, and
differences between communication media in this association.
Furthermore, we will examine the role of situational and
individual characteristics. Overall, the available data will allow
us to examine these questions in rich detail.
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