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Abstract

Background: Alcohol misuseis 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: Thissingle-blinded randomized controlled trial (RCT) aimsto assessthe efficacy of a28-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 symptomsin aclinical 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. Thetrial 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 isthe changein 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 measuresinclude
(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 ameansto deliver alow-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:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(10):€19720) doi:10.2196/19720

KEYWORDS

Clinical Trials.gov NCT04494594; https://clinicaltrials.gov/ct2/show/NCT04494594
PRR1-10.2196/19720

alcohol misuse; smartphone; intervention; SMS text messaging; push notifications

Introduction

Alcohol Misuse Burden

Alcohol misuseiscommoninthe UK Armed Forces (AF), with
the prevalence higher in the AF than in the general population
[1-4]. Research indicates that thistrend 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]. Thereisalso a culture of heavy alcohol use in the
UK AF, which is encouraged by the socia 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, asimilar 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 acohol 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 trestment adherence. Treatment-seeking veteranswith a cohol
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)
isunknown; however, it islikely to beincreased compared with

https://www.researchprotocols.org/2020/10/€19720

the genera population. Research has indicated that heavy
drinking in England, which isfrequently 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 trestment, 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
asthe genera public, and the same interventions are offered to
both groups.

Brief interventionsfor alcohol misuse are apopular management
and treatment option used in the UK general population, often
provided to individual s scoring 15 or below onthe 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, al of which are often tailored to the individual
by aclinician [15].

Brief interventionsaim to rai se awareness of the risks associated
with alcohol misuse and hel p individualsreduce their hazardous
drinking. Often brief interventions are delivered to individuals
who are not seeking help for acohol misuse from a specialist
alcohol service and are delivered in the general community
setting (eg, genera practitioners, hospital doctors, and nurses).
Thereis 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 interventionsin this
type of population.

Smartphone-Based Brief Interventionsfor 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 misusein 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. Theseinclude having alow cost per use, allowing
for rapid changes and iterative devel opment, avoiding the stigma
associated with receiving help in person, and are highly
convenient because they can be used asand when theindividual
wants (discreetly or openly). However, these smartphone
interventions are focused on the general population and do not
target individual beliefs, prevailing socia 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 a cohol appstargeted at the general publicinclude
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 isdefined 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 interventionsfor 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 benefitsto 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.

https://www.researchprotocols.org/2020/10/€19720
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Study Aim

The aim of this randomized controlled trial (RCT) isto assess
the efficacy of a28-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 symptomsin aclinical setting.

Methods

Ethical Approval

This study was approved by thelocal ethicscommittee of King's
College London (registration number: HR-19/20-17438) and
registered as a clinical tria (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 includesindividualized
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 efficaciousin
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
isdesigned such that the control arm structurally resemblesthe
intervention arm but lacks the active ingredients (eg, drinks
diary, interactive drinking feedback, and goa 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
viathe 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 theintervention.

Study Sample

Participants may have been, or are presently, receiving treatment
through Combat Stress. Treatment offered via Combat Stress
isfor depression, anxiety, and PTSD. However, Combat Stress
doesnot offer alcohol treatment services. Theeligibility criteria

are asfollows:

Inclusion Criteria

Participants will be included in the study if they have

Eligible participants
identified from Combat
Stress [n=)

Invitation to
the stu

dy [n=)

take part in

Excluded |n=)

*  Not contactable (n=)

+  Technology-related decline (n=)
Unwilling to use smartphone (n=)

Baseline assessment (n=)

Other decline {n=)

L Mo longer eligible (n=)

No longer meets study criteria {n=)

Eligible randomisation

| Loss to follow-up (n=)
| *  Reasons

(n=}
Intervention arm Cantrol arm

(n=) (n=)
Day 7 data collection Day 7 data collection

(=) [n=)
Day 14 data collection Day 14 data collection

(=) (L]
Day 21 data collection Day 21 data collection

(n=) (n=)
Day 28 data collection Day 28 data collection

(n=) (n=)

-
Day 84 data collection: Day B4 data collection:
follow-up (n=) follow-up (n=)
\N\-\-\\‘-\.\.H—‘
.
-
H“'\._HH‘
Total included in
analyses [n=)

Day 168 data
collection: follow-up

in=)

collection: follow-up

(n=)

Day 168 data ‘

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 unitsof a cohol per week isused in this study to reflect
scientific research and UK national guidelinesthat 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.

downloaded the app onto aniOS or an Android device, are aged
18 yearsor older, livein the United Kingdom, consume 14 UK
units (approximately 140 g) of alcohol or more per week as
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Exclusion Criteria

Participants will be excluded if they arelisted 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 individua 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.
Participantswill be excluded if they do not have amobile phone
or have not given the Combat Stress consent for contact for
research purposes.

A power caculation was performed based on previously
reported data from Combat Stress [11,46]. This study requires
asample of 37 participantsin 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. Weaim toinvite aminimum 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), athird-sector charitable organization that
provides mental health services, including substance misuseto
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 risksthat arise as aresult 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 downl oaded the app, they will be
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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.

I ntervention

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 devel oped
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. Sdf-monitoring and feedback: it records alcohol
consumption by participants and provides arange of visual
illustrations (eg, charts, figures, and texts) to alow 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 SM S text messaging that
provides prompts to use the drinks diary, suggests
alternative behaviors, and provides feedback on set goals.

The app is compatible with al modern i0OS- 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 promptsto complete
guestionnaires and reminders to review alcohol consumption
feedback (see the Message section for more information).
Participantsin both armswill 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
SM S 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 areminder message on day
84 and day 168 to complete questionnaires.

Messaging: Push Natificationsand SM S Text

M essaging

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
guestionnaires, suggest alternative behaviors, provide feedback
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on goals, and promote ahealthy lifestyle. A bank of personalized
messages (both for SM S text messages and push notifications)
informed by 180 tail ored messages devel oped previously (which
areinformed 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 asa
participant engages with Drinks:Ration, continuous
measurements, including questionnaires (baseline and weekly
guestionnaires) and the drinks diary, are used to reflect current
behavior and attitude. The messages cover awide 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 areminder 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 amaximum of 2 messagesin asingle 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
participantsis 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 alow 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.

Day Message content Study arm
0 «  Titlee Welcome to Drinks:Ration Intervention
o Message: Your signup is complete. Remember to log last week’s alcohol consumption
0 «  Titlee Welcome to Drinks:Ration Control
«  Message: Your signup is now complete
2 « Title Timeto set agoal? Intervention
o  Message: Why not set agoal to reduce the amount you drink? You can start now by clicking on the
goalstabin the app...
7 «  Title: Drinking Advice Control
« Message: Remember to open Drinks:Ration for advice on how to make your alcohol consumption
13 «  Title Remember the diary Intervention
«  Message: Completing the drinks diary each day allows you to see how well you are doing!
14 o Title: Let usknow... Intervention and control
«  Message: Remember to open the app to tell us how you're doing
18 «  Title: Remember to monitor Intervention
«  Message: Monitoring what you drink is proven to help you cut down—uwhy not start fresh this week?
21 « Title Beaware! Intervention and control
« Message: Itisgood to be aware of what you drink. Monitoring your alcohol consumption really can
help your health!
23 « Title Think... Intervention
o Message: Using Drinks:Ration may have changed some of the drinksyou usually have. Try and think
how you can keep it up!
28 o Title: Let usknow... Intervention and control
« Message: Please let us know how you're getting on!
56 «  Title: Keep checkingin... Intervention and control
« Message: Please remember to open the Drinks:Ration app
84 o Title: Let usknow... Intervention and control
« Message: Please let us know how you're getting on!
112/140 o  Title: Keep checkingin... Intervention and control
« Message: Please remember to open the Drinks:Ration app
168 o Title: Let usknow... Intervention and control
« Message: Please let us know how you're getting on!
Baseline Measures
Measures

A summary of the measures and data collection timepoints in
this study are detailed in Table 2.
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Upon successful registration, participants will complete a
baseline questionnaire to assess physical and mental health,
health status, resource utilization (eg, visitsto hospital because
of alcohol, and days in hospital because of acohal), and
sociodemographics (eg, age, gender, ethnicity, employment
status, and occupation).
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Day or measure 0 7 14 21 28 84 168
Questionnaires (M ultimedia Appendix 2)
Informed consents 1ch _c - - — — —
Sociodemographic I/IC — — — — — —
Resource utilization IIc — — — I/c 1c lc
Depression (PHQ2%) [53] 1Ic IcC uyc ucC 1UC 1iC 1IC
Anxiety (GAD2°) [54] Ve e Ic yc 1c uc uc
International Trauma Questionnaire for PTSD' [55] 1c - - - e uc c
Readiness to Change Ruler [56] I/IC — — — I/IC 1/IC 1/IC
Self-Efficacy Ruler [56] IIC — — — uc 1c uc
Alcohol Use Disorder Identification Test [57] I/IC — — — I/IC 1/IC 1/IC
World Health Organization Quality of Life-BREF [58] I/IC — — — I/Ic 1/C liC
7-day Timeline Follow-Back for alcohol consumption [43] I/IC — — — I/IC 1/IC 1/IC
Usability evaluation
Qualitative interviews? — - - — c - -
mHealth App Usability Questionnaire [59] — — — — IIc — —
Remote data collection
Wearable sensors” 1Ic Ic uyc uc 1c 1c 1IC
I/C I/C I/IcC 1yc 1c 1c 1

Smartphone sensors!

8: Intervention arm.

bC: Control arm.

®_: no data is collected during this period.

dPHQ2: Peatient Health Questionnaire 2-item.

€GAD2: Generalized Anxiety Questionnaire 2-item.

PTSD: posttraumatic stress disorder.

920 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 asthetype 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 hasbeen
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) scoreto assess quality of adjusted lifeyears.
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
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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 a60-min debrief session. Theaim of thisisto 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. Thiswill be done viatelephone 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 beinformed 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 accessto
the GPS location, sending of push notifications, or SMS text
messaging. In addition, to promote open science, consent will

Leightley et a

be sought from participantsto sharetheir dataanonymously for
research purposes. These datawill 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 datawill 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.

Ccarrier S PN - Cariar T R - Caries T

Permission Notifications

DrinfrRation needs your permission to
function properly. Please read each of

DrinferRation would like to send you
notifications via text and push to help

the next screens carefully. You can you reduce the amount you drink

change your t any time via the
i " ta Agree to notifications

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 severa reasons for withdrawal from the study,
such as:

TEIPM - Cane F

Location

DrinfirRation would like to record where
you drink to help identify your risky
drinking locations

- carier ® s M -

Activity Tracking

Data Sharing

DrinfizRation would like to access Apple
Health to understand more about your
physical activity. You can select which

information you share with us

DrinferRation would like to share your
data anonymously for use in research.
We will never share anything that could

identify you

Agree tolocation sharing

Agree to activity tracking

Agree todata sharing

»  Participant choosing to no longer take part in the study:
participantswill beinformed viathe Drinks:Ration app that
participation is voluntary and that they can withdraw from
the study at any point without providing areason.

« Adverse event: participants may be withdrawvn 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.

¢ Back Withdrawal

Drinfiy:Ration

‘You can withdraw or delete your account at.
any time. If you withdraw from the study, we
will retain the data we have collected so far,
but will delete any personally identifiable data
and will be unable to re-link your account. If
you would like to delete your account, please

contact the research team and provide

reference:

REASON (OPTIONAL)

Feedback

( withdraw )
\- vy

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.

Adver se 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
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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 concernsremain, asignposting booklet to rel evant
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
exampletechnical issues, or if they are unsure of how to perform
atask 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 Hedth 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 responserate) and independent samplet 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 analysiswill examinewhether
there is a statistically significant difference between the
intervention and control arms on changein self-reported TLFB
UK units consumed (as stated earlier, adifference 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,
changesin 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 eval uation 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 timesthe app isinitialized (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
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drink, or add a message rating), and the number of weeks in
which participants remain engaged with the app. Participant
engagement isdefined ashaving at least 3 interactionsin a7-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.
Usahility 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. Asthisisasingle-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 al 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 criteriafor hazardous alcohol use. Thisis
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 interventionstargeted 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
afully powered RCT. This study protocol describesthe design
of an RCT to determine the efficacy of Drinks:Ration within a
treatment-seeking veteran population.

To our knowledge, thisisone of thefirst studiesto examinethe
efficacy of a smartphone app to reduce hazardous/harmful
alcohol consumption in atreatment-seeking veteran popul ation
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 a cohol misuseisoften
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 barriersto 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, thisisone of thefirst large
trials of atext messaging intervention to promote reductionsin
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 viasmartphones, 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.
Thisisto operate the personalization algorithms. We anticipate
several challenges in this study. First, our ability to recruit and

Leightley et d

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 deviceissues, 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 outcomesin 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 eval uations alongside the assessment of clinical outcomes. The effectiveness research component i s assessed
by atwo-arm randomized controlled trial (RCT) aiming to enroll 108 patients. The RCT compares aremote 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 atotal of 76 participants recruited by February 24, 2020 (39
in the intervention group and 37 in the control group). The final analysisis 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 itsimpact 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) hillion
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, athough
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
expenditurein devel oped countries[5] and the cost to our health
care system isexpected 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) millionin 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 madein
pharmacological therapies for HF. Guideline-directed medical
therapy (GDMT) for patients with HF, comprising
angiotensin-converting enzymeinhibitors (ACEIs), angiotensin
receptor blockers (ARBS), angiotensin receptor-neprilysin
inhibitors (ARNIS), betablockers (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 a1-year deferral of treatment could reduce
the 1-year survival rate from 90% (if treated) to 78%. GDMT
deferral may al so worsen HF progression and predispose patients
to worse outcomes [9]. Clinica guidelines recommend
up-titrating these treatments to maximum tolerated doses [10].
However, these successes have not fully tranglated into clinical
practice, as studies and registries consistently report that
evidence-based pharmacotherapies for HF are severely
underutilized [11,12].

Barriersincluding patient-rel ated factors such astime constraints
and financial limitations, physician-related issues such as
knowledge of drug therapy optimization, and institution-rel ated
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

https://www.researchprotocols.org/2020/10/€19705

[14]. Thesefreguent transitions of care across multiple providers
and multiple settings are poorly coordinated and often
exacerbate the difficulty of medication titration [15]. All these
factorsimpede 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 isapotential component in the management of
HF that can provide reliable and real-time physiological data
for clinicad decison support, aerting, and patient
self-management. Telemonitoring enabl es patientsto track vital
signs and symptoms and receive automated instruction and
clinical intervention during teachable moments (ie, clear actions
are provided when the context ismost 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 isto 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 patientswith HF, consisting of an RCT
and a qualitative study. The RCT predominantly addresses the
effectiveness component while providing supporting data for
theimplementation component of the research. The qualitative
study predominantly addresses the implementation component
while providing supporting datafor 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 datato inform an appropriate sample size
calculation.
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Thisstudy hasreceived approval from the research ethicsboards
of the University of Toronto (research ethics board humber
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 aso been registered at ClinicaTrials.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
theinitial sample size based on data obtained from the existing
literature. Assuming biweekly titration over a period of 3to 6
months (ie, 9+3 visits in total for the control group) as
recommended by HF guidelines[10,19], areduction of at |east
35% in the number of visits for the intervention group, 80%
power, and a=.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 theinternal 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 visitsrequired to achievetitration was not appropriate
because clinic visits were strongly affected by external factors
unrelated to the intervention. Many patientsin 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 dternative 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 entiretripletherapy 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 aface-to-face
visit[19]. Thetitration completion ratesreported in theliterature
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].

Inlight of the varying ranges provided by available dataand to
ensure that the sample size of the full study would be sufficient
to detect statistical significance, ahigher completion rate among
those available was used for the control group, and a dightly
more conservative compl etion rate was used for theintervention
group. Therefore, rates of 45% and 75% were used for the
control and intervention groups, respectively. The calculation
assumed a power of 80%. An apha 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 belost to follow-up or cannot betitrated (based
on the observed attrition rate in the internal pilot), the sample

https://www.researchprotocols.org/2020/10/€19705

Artanian et al

size per group was cal cul ated 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
isintegrated into the Ted Rogers Centre of Excellencein 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
physiologica measurementswith wirelesshome 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 typicaly
completed every morning (patients receive an automated
reminder call if the measurementsare not performed by 10 AM),
and patients are instructed to record their blood pressure and
symptomsif they feel unwell. Automated self-careinstructions
that have been carefully devel oped with health care specialists
are sent to the patient in accordance with arule-based algorithm
that analyzes their measurements and reported symptoms [22].
If there are signsindicating deterioration in their status, an email
alertissent toaclinician at the Heart Function Clinic. Clinicians
can also view dertsand the patient’ stelemonitoring datathrough
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, theintent
wasfor 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 patientswho meet the study’sinclusion and exclusion
criteria(listed in Textboxes 1 and 2, respectively), aretold about
the study and asked by a member of their circle of careif 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 awritten  nurse coordinator is provided with randomly generated treatment
informed consent is obtained from each patient. Patients are  alocations within sealed opaque envelopes. Following
then randomized 1:1 into control and intervention groups. A enrollment, the envelopes are used to determine if the patient
web-based computer-generated randomization tool is used to  isintheintervention or control group. Cardiologistsare notified
perform block randomization in blocks of 4. The generated into which group their patients are randomized.

seguence is used to create randomization envelopes, and the

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| to |11
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 mineral ocorticoid 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 promptsin 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 eventsincluding:
«  History of angioedema

« Uncontrolled hypertension

«  Hypotension preventing up-titration

« Heartrate 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 a anine aminotransferase or aspartate aminotransferase val ue >3-fold the upper normal limit. Estimated
glomerular filtration rate (eGFR) <30 mL/min/1.73 m? 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 alife expectancy of <1 year
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Qualitative Study

Pati ents randomized into the intervention group will beinvited
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 providersand 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 remotetitration
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 theintervention, and whether
it met their goals or expectations. Follow-up questions will
explore topics raised by participants.

I ntervention Versus Control Groups

The recommended therapeutic approach for patients with HF
and reduced left ventricular gection fraction (LVEF<40%)
consists of tripletherapy 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 aratio of 1:1 to 1 of 2 treatment
groups:

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

- Intervention group—remotetitration 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 groupsaretitrated 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
guestions on symptoms. Patients are also provided with
requisitionsfor blood work to be performed at local 1aboratories
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 till
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. Asthe Medly system
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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 remotetitrations occur,
and medication changes are performed during clinic visits. At
theclinic 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 changesin their condition.

Data Collection

RCT

The primary outcome measureswill bethe 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.
Basdline and poststudy medi cations and dosagesfor 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. Dataregarding thetitration process, such asthe 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 aquiet 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 isreached and the interviewer determinesthat 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 aso be interviewed. The individua
interviews are expected to last between 20 and 45 min and will
be conducted in the clinician’s office or over the telephone. All

Artanian et al

interviewswill 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.

Data collected Baseline Interim analysis Titration completion  3-month follow-up
Demographics o N/A2 N/A N/A
Health service utilization
Number of HFP-rel ated hospitalizations since enrolIment N/A 0 0 U
Number of daysin the hospital since enrollment N/A O O |
Number of emergency department visits since enrollment N/A O
Number of clinic visits or phone calls since enrollment N/A O O |
Clinical outcomes
BNP® levels 0 0 0 o
NYHAY class o 0 O U
LVEF® (%) O N/A N/A O
Qualitative data
Clinician interviews N/A O O N/A
Patient interviews N/A N/A N/A

8N/A: not applicable.

PHF: heart failure.

°BNP: brain natriuretic peptide.
INYHA: New York Heart Association.
®LVEF: |eft 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
datafor 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 ensurethat 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
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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 (39in
the intervention group and 37 in the control group). The final
analysisisexpected to be completed by the winter of 2021. This
study will be among thefirst to substantiate theimplementation
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 remotetitration facilitated by telemonitoring. Telemonitoring
isapotentia component in the management of HF that allows
patientsto remotely providereliable 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] a so performed a study that
focused on rapid titration of the BBL carvedilol and compared
in-officetitration with acombined in-office and remotetitration
model. The study found no statistical differencein 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 asmartphone-based app or aweb 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 patientsreceiving
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, astrength of thisstudy isthat it encompassesthetitration
of full triple therapy for patientswith HF. In addition, the mixed
methods design of this study will alow triangulation of data
from quantitative and qualitative assessments, thereby enhancing
datavalidity. Methodological triangulation enablesthe validation
of findingsthrough the collection of datafrom multiple sources
and via different methods. Specifically, data from interviews
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with cliniciansand patientswill 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
possibleto 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 astandard 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 aswell asthe existing
processes for alert management and communication of
information obtai ned 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 accessto multidisciplinary HF
services varies between clinics, additional staffing limits the
potential generalizability and external validity of the study.
Finally, asour study investigates changesin 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 schedul e, whereas patientsin 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 ill 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 asawhole. Although
information and research on remote titration of HF medication
are somewhat limited, theresults of previoudy 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 remotetitration 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.
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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. Asthereisan established need for accessible, scalable, flexible, and low-cost interventions,
thereisincreased interest in the delivery of these programs on the web. This project aimsto pilot athree-arm randomized controlled
trial (RCT) to determinethefeasibility of afull-scale RCT comparing 2 web-based interventions (mindful ness vsloving-kindness
and compassion) with aweb-based active control condition (progressive muscle relaxation).

Objective: The primary objective of thisstudy isto assessthefeasibility of an RCT protocol comparing the 3 conditionsdelivered
on the web as a series of instructional materials and brief daily practices over a course of 8 weeks. The second objectiveisto
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 alongitudinal birth cohort study (the ORIGINS project) will be recruited to
this study from 18 weeks of gestational age. We will assessthe 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 3intervention conditions by measuring weekly changesin their well-being and engagement with the program and by conducting
aqualitative 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
commencein September 2020. Feasibility of afull-scale RCT will be assessed using ADePT (a process for decision making after
pilot and feasibility trials) criteria.
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Conclusions:

Finlay-Jones et al

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:
http://anzctr.org.au/ACTRN12620000672954p.aspx

International Registered Report Identifier (IRRID):

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

Australian New Zealand Clinica  Trias

Registry Number  12620000672954p;

PRR1-10.2196/19803

KEYWORDS

mindful ness, 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]. Thesefindingsalign with the Developmental
Originsof Health and Disease model [15], which positsthat the
characteristics of the perinatal environment exert lifelong
influences on offspring health risk and resilience. Maternal
mental health difficulties in pregnancy can aso increase the
risk of adjustment difficultiesin 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.
Nonpharmacol ogical approachesto mood management are also
preferred by pregnant women because of concerns about the
effects of pharmacol ogical interventions on the devel oping fetus
[21]. Furthermore, research on mental health risk and resilience
aso illustrates the dua benefits of targeting subclinical
symptoms of distress and increasing positive mental health and
well-being. For example, athough a history of psychiatric
symptoms predisposes individuals to future psychopathol ogy,
positive mental health both supports recovery from distress and
protects against poor mental healthin 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 dua approach aligns with two-factor
models of mental health, which recognize distress and
well-being as 2 distinct but interrelated continua [22,29,30].

M editation-Based | nterventions

Meditation-based interventions, including mindful ness-based
interventions (MBIs) and compassion-based interventions
(CBls), are promising approaches for improving mental health

https://www.researchprotocols.org/2020/10/€19803

and reducing psychological distress in the perinatal period.
Thereis 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) aresimilar to MBIs
inthat standardized protocolstend 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 al 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 al so 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 a [42] reported the
superior effects of loving-kindness training over mindfulness
training for improving telomere length in novice meditators.
Furthermore, Trautwein et a [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 outcomesis most relevant for promoting mental health
and well-being in pregnant women.

MBIlsand CBIlsin 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 havefound 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 aso 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
suggeststhat mindfulnesstraining in the perinatal period reduces
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perinatal stress and anxiety [48], there is mixed evidence
regarding reductionsin depression [48]. Thisis 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 ng CBIsin 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]. Participantsin the 2 groups had similar
outcomesin termsof 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 asample of pregnant women (n=109)
[53]. Inthisstudy, participantsin theintervention 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 CBIls among
pregnant women.

Web-Based M editation-Based | nter ventions

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 potentia to improve
cost-efficiencies, and the ability to provide greater flexibility
to service users [55]. Metaandyses 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 CBls, 1 RCT of web-based compassion
training for self-critical individual s reported moderate-to-large
effect sizesfor reductionsin distress, relativeto usual care[57].
However, it is currently unclear whether MBIs and CBls
delivered on the web are a feasible and efficacious means of
reducing stress and promoting well-being in the perinatal period
[58]. Available evidencefor internet-delivered MBIs highlights
some issues with intervention feasibility. For example, 1 RCT
found evidence that compared with waitlist control, aweb-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 a [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.

https://www.researchprotocols.org/2020/10/€19803

Finlay-Jones et al

Asthefield of pre- and perinatal meditation training advances,
guestions are rai sed about the types of meditation training, their
suitability, and expected outcomes. In addition, there are
enduring questions about how best to engage pregnant women
ininternet-delivered mental health interventions. Initial findings
regarding engagement and retention within studies suggest a
need for attention to consumer-focused design in the
developmenta 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 linewith
the instructional design framework for MBIs proposed by
Lippmann et a [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 overal MMM study design,
including the recruitment, screening, randomization, assessment,
and intervention methods to be used in the full-scale trid. In
addition to piloting these methods, this study has 3 objectives:
(2) 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) mindfulnesstraining, (2) LKCT, and (3) PMR and
arepeated measuredesign. Thetrial issingle blinded, with block
randomization to have equal allocation of participantsto groups
stratified by parity. The trial is registered with the Australian
New Zeadland 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
isshownin Figure 1.
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Figure 1. Participant flow through the study.
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ORIGINS Participants Recruited
18-30 weeks Gestational Age

Recruited to MMM study (n = 75)
v/ English speaking
¢ Participating in ORIGINS Project
v/ Access to the internet
v > 18 years

Baseline assessment (t0)

MT Group (n = 25)
7-15 minutes daily practice
15 mins weekly psychoed &

weekly measures

Weekly text message

LKCT Group (n = 25)
7-15 minutes daily practice
15 mins weekly psychoed &

weekly measures
Weekly text message

PMR Group (n = 25)
7-15 minutes daily practice
15 mins weekly psychoed &

weekly measures

Weekly text message

Post-intervention assessment (t1): 8-10 weeks post-baseline (~26-40 weeks GA)

Participant interviews (approximately 15 per group, randomly selected)

Follow-up assessment (2): 12 weeks postnatal

Trial Siteand Participating Centers

The MMM interventions are al web-based, and al datawill be
collected electronicaly. As the study will recruit women
receiving antenatal care at JHC, this health campusis considered
the physical tria site.

Participants

Eligibility Criteria

Eligible participants are pregnant women participating in the
ORIGINS project (ORIGINS) and receiving antenatal care at
ametropolitan health campus (JHC). ORIGINSisalongitudinal
birth cohort study that recruits pregnant women and their
partnersfrom 12 weeks of gestational age and followsthem 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 inthe MMM study will be women (1)
at 18 to 30 weeks of pregnancy; (2) aged =18 years; (3) ableto
read, write, and understand English; and (4) able to access the
internet.

Sample Size

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

Recruitment

Participantswill berecruited at or following their first antenatal
assessment for ORIGINS. Participants will receive recruitment
materials (arecruitment video and websitelink) viaemail and/or
text message. Interested participantswill 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). Thisisavalid
tool for detecting symptoms of depression during pregnancy
and postnatally [64]. Participants scoring above the thresholds
for therisk 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 referra to more
targeted support services. They will not be excluded from
participation in the study.

Randomization, Allocation, and M asking 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 participantswill not
be blinded to the intervention condition, the RA will code
participants condition alocation in the database so that the data
analyst is blind to alocation. 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 alocated intervention condition in Teachabl e,
the web-based system used to deliver the programs. Participants
will then receive an automated email from Teachable prompting
them to create apassword. Participantswill also receive aphone
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 alocated condition within the
MMM program either on acomputer (viathe Teachable website)
or on asmart device viathe 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 aso 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.

I nterventions

All intervention conditions will be delivered on the web using
the Teachable platform. The program is structured so that each
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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 participantsto integrate skillsand 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 MBIsand CBIsadministered during the perinatal period. In
addition to extracting dataregarding 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 mindfulnesstraining and LK CT 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 CBIls. The PMR condition was based on exercises described
by Jacobson [65] and adapted for pregnancy by excluding
muscle tension in the abdominal area.

Theintervention protocol was a so informed by prior theoretical
and empirical work describing the proposed mechanisms by
which mindful ness and loving-kindness and compassion training
impacts positive mental health and distress. For example,
dismantling studies have supported the theory that acceptance
isanecessary component for MBIsto improve positive emotions
[66], whereas perspectives and empiricd 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 a [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 befound in Multimedia
Appendix 1.
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Table 1. Outline of key themes and practices for each condition.
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Components Mindfulness training Loving-kindness and compassion training Progressive Muscle Relaxation
Themes Nonjudgmental awareness of present-mo-  Friendliness toward self; loving-kindnessto-  Relaxation and how relaxation can
ment experiences (thoughts, feelings, and  ward self, baby, and others; self-compassion;  support perinatal health
sensations); acceptance of present-moment  responding to difficulties with kindness and
experiences (thoughts, feelings, and sensa=  compassion; and how loving-kindness and
tions); using the breath as an anchor for at- compassion can support perinatal health
tention; and how mindful ness can support
perinatal health
Forma practices  Body scan, breath-focused meditation, Compassionate check-in, compassionatebody  Progressive muscle relaxation ex-

walking meditation, and mountain medita-
tion

scan, soothing image practice, loving-kindness
practice, and responding to emotions with

ercise

compassion

Informal practice  Mindfulness of daily activities (chores,
showering, and waking up), mindful com-
munication, mindful walkingin nature, and

3-min breathing space

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

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

Consumer testing and input for the mindfulness training and
LKCT protocolswere sought from agroup 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 viathe 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 practiceswere aso dightly
modified with regard to the terms used (eg, removal of theword
suffering). The resulting intervention protocols involved daily
practice of 7 mininweek 1, 10 min in week 2, and 15 minin
weeks 3 to 8, coupled with psychoeducation and 1 informal
practice per week.

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

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 arandomly 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.

Outcome Metrics
Recruitment «  Number of participants screened per week
«  Number of participants enrolled per week
«  Proportion of recruited ORIGINS participants electing to enrall
Randomization «  Proportion of eligible participants who access the web-based intervention following randomization
«  Proportion of eligible participants who complete at |east one session (one day) of the web-based intervention
Retention «  Proportion of participants that complete tO (baseline) measures after commencing them
«  Condition-specific completion rates following randomization (compl etion defined as =50% of modules accessed at |east
once)
«  Proportion of participants commencing baseline measures that complete time 1 (posttest) and time 2 (follow-up) measures
Adherence «  Sdf-reported completion of practice
»  Lesson completionsin Teachable program
Acceptability «  Proportion of participant opt-outs from each intervention condition

«  Proportion of participant withdrawals from the study

«  Sdf-reported intervention and study satisfaction
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Table 3. Summary of outcomes and measures for a full-scale randomized controlled trial.
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Outcomes

Measures

Primary outcome

Mental well-being

Secondary outcomes

Depression
Anxiety

Stress
Self-compassion
Mindfulness
Emotion regulation

Affect

Mental Health Continuum—Short Form (14 items) [70]

Edinburgh Postnatal Depression Scale (10 items) [71]
Generalized Anxiety Disorder (7 items) [72]

Perceived Stress Scale (10 items) [73]

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

Mindful Attention and Awareness Scale (15 items) [75]
Difficultiesin Emotion Regulation Scale (16 items) [76]
Positive and Negative Affect Scale-Short Form (10 items) [77]

Quality of life EuroQol-5 Dimension (5 items) [78]
Tertiary outcomes
Program satisfaction

Program engagement

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

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)

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

Study activities in each phase Timepoint
Enrollment Postallocation
Week 1 (t0) Week 2 Week9  Week10(t1) 3 monthspostpartum (t2)
Preintervention
Eligibility screening NG N/AP N/A N/A N/A
Informed consent N/A N/A N/A N/A
Allocation N/A N/A N/A N/A
I ntervention
Web-based mindfulness training N/A N/A N/A
Web-based |oving-kindness and compassion training N/A N/A N/A
Web-based progress muscle relaxation N/A N/A N/A
Assessments
Demographics N/A N/A N/A N/A
Self-reported mental well-being, depression, anxiety, self- N/A N/A X X
compassion, mindfulness, and quality of life
Self-reported affect, stress, and emotion regulation X N/A N/A X X
Program engagement N/A X X N/A N/A
Interviews N/A N/A N/A X X

X denotes when the study activity occurs.
ON/A: not applicable.

Data Management

On enrollment, all participantswill be given auniqueidentifier
that will be used in al 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
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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 participantswill 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 addressthe ADePT (a process
for decision making after pilot and feasibility trials) framework
[79]. Thisfeasibility framework has been incorporated as part
of aphased approach to the development and evaluation of the
intervention. Feasibility assessment will use both quantitative
feasibility data and qualitative data derived from the

Finlay-Jones et al

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 hypothesistesting, we
will calculate the differences between the experimental groups
and the control condition for primary and secondary outcomes.

Table5. Decision-making criteriafor full-scale randomized controlled trial, adapted from the “a process for decision making after pilot and feasibility

trials” framework.

QOutcome Metrics

Green (proceed to full-scale RCT? 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 al intervention sessionsin 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

e <20% of consented participants commence each intervention arm
«  Program satisfaction ratings and postprogram interventions demonstrate |ow satisfaction or
lack of acceptability of the program for =50% participants

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

Neither red nor green criteriawere met. Findings from qualitative and quantitative datawill
be used to determine whether afull-scale RCT should proceed with revisions

3RCT: 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].
Transcriptswill bereviewed to identify all instances of thematic
codes, with codes expanded or collapsed asrequired. Qualitative
data will be analyzed using qualitative content analysis [81],
assigning acodeto each concept using NVivo. Similar concepts
will be identified and categorized into categories. Datawill 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, thereisalso arange 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
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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 scaable, 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 difficultiesin 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 cultivateloving-kindness and compassion. Asno prior studies
have compared MBIsand CBlsin the perinatal period, this pilot
study will provide important insights into how women might
differentially experiencetheseinterventions. It will also provide
data to support the design of alarge-scale RCT.

Strengths

The proposed study has both strengths and limitations. The
relative strength of the intervention approach isthe 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
interventionsor 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 criteriafor determining
the feasibility of the study and determining whether to proceed
with thefull-scale RCT. Should the study proceed to afull-scale
RCT, this will be one of few randomized trials of MBIs with
pregnant women that use a well-matched active control
condition.
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Limitations

The situation of this study within a larger longitudina birth
cohort study also has limitations, namely that participants in
the study are limited to those who have aready 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 theintention of analyzing these datain afull-scale
RCT. Furthermore, it is anticipated that our sample will be
heterogeneous with regard to the level s 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.

Funding for the study was obtained from the Telethon Kids Institute (AF and JD), with in-kind support provided by ORIGINS
(DS and SP). This study is sponsored by the Telethon Kids Institute.

Authors Contributions

AF, JDavis, AO, DS, JO, JDowns, and SP designed the study. AF and AO developed the intervention content with the support
of RA. AF and KK drafted the manuscript, which was reviewed and approved by all authors.

Conflictsof Interest

AFisatrained and certified teacher of several different mindfulness and compassion-based programs and occasionally receives

monetary reimbursement for delivering these programs.

Multimedia Appendix 1

Description of mindfulness and loving-kindness and compassion practices used in the Mums Minds Matter program.

[DOCX File, 16 KB - resprot_v9i10e19803 appl.docx ]

References

1.  Cornsweet BC, Steadman J. Distresslevelsin pregnancy and matched non-pregnant women. ANZJOG 201