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Abstract

Background: Mobile health interventions provide significant strategies for improving access to health services, offering a
potential solution to reduce the mental health treatment gap. Economic evaluation of this intervention is needed to help inform
local mental health policy and program development.

Objective: This paper presents the protocol for an economic evaluation conducted alongside 2 randomized controlled trials
(RCTs) to evaluate the cost-effectiveness of apsychological intervention delivered through atechnological platform (CONEMO)
to treat depressive symptoms in people with diabetes, hypertension, or both.

Methods: The economic evaluation uses a within-trial analysis to evaluate the incremental costs and health outcomes of
CONEMO plus enhanced usual care in comparison with enhanced usua care from public health care system and societal
perspectives. Participants are patients of the public health care services for hypertension, diabetes, or both conditions in Sdo
Paulo, Brazil (n=880) and Lima, Peru (n=432). Clinical effectivenesswill be measured by reduction in depressive symptoms and
gainsin health-related quality of life. Wewill conduct cost-effectiveness and cost-utility analyses, providing estimates of the cost
per at least 50% reduction in 9-item Patient Health Questionnaire scores, and cost per quality-adjusted life year gained. The
measurement of clinical effectiveness and resource use will take place over baseline, 3-month follow-up, and 6-month follow-up
in the intervention and control groups. We will use a mixed costing methodol ogy (ie, a combination of top—down and bottom—up
approaches) considering 4 cost categories. intervention (CONEMO related) costs, health care costs, patient and family costs, and
productivity costs. We will collect unit costs from the RCTs and national administrative databases. The multinational economic
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evaluations will be fully split analyses with a multicountry costing approach. We will calculate incremental cost-effectiveness
ratios and present 95% Cls from nonparametric bootstrapping (1000 replicates). We will perform deterministic and probabilistic
sengitivity analyses. Finaly, wewill present cost-effectiveness acceptability curvesto compare arange of possible cost-effectiveness
thresholds.

Results. The economic evaluation project had its project charter in June 2018 and is expected to be completed in September
2021. The final results will be available in the second half of 2021.

Conclusions: We expect to assesswhether CONEMO plus enhanced usual careis a cost-effective strategy to improve depressive
symptoms in this population compared with enhanced usual care. This study will contribute to the evidence base for health
managers and policy makersin allocating additional resources for mental health initiatives. It also will provide abasis for further
research on how this emerging technology and enhanced usua care can improve mental health and well-being in low- and

middle-income countries.

Trial Registration: ClinicalTrials.gov

NCT12345678

(Brazil) and NCT03026426 (Peru;

https://clinicaltrial s.gov/ct2/show/NCT02846662 and https.//clinicaltrial s.gov/ct2/show/NCT03026426

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(10):€26164) doi:10.2196/26164

DERR1-10.2196/26164

KEYWORDS

cost-effectiveness; depression; diabetes; hypertension; noncommunicable diseases; randomized trials; low- and middle-income

countries; mHealth; task shifting; behavioral activation

Introduction

Globally, depression affects more than 264 million people each
year, with ahigh prevalencein Brazil and Peru (5.8% and 4.8%,
respectively). In Brazil, depressive disorders are ranked as the
fourth leading cause of yearslived with disability, and thirteenth
for causing disability-adjusted life years[1]. In Peru, depressive
disorders account for 37% of the years lived with disability
attributed to mental health conditions and are responsible for
almost 46,000 disability-adjusted life years [2].

Chronic diseases such as hypertension and diabetes can be
exacerbated by depression, which is often undiagnosed and thus
remains untreated [3,4]. This can lead reduced quality of life,
increased physical health complications, and eventually arise
intreatment costsfor both theindividual and the health economy

[4].

Inlow- and middle-income countries (LMICs) accessto mental
health care remains extremely limited and unequal, with those
living in low-resource areas facing greater difficulties in
accessing mental health care [5,6]. This is due to limited
resource availability and alack of trained health personnel. For
instance, in Brazil there are only 4.48 specialists per 100,000
inhabitants. A similar scenario is observed in Peru, with 2.06
psychiatrists and 6 psychiatric nurses per 100,000 people [7].
Most Brazilians and Peruvians with clinically relevant levels
of depressive symptoms currently do not receive any treatment.
Thereisthusaclear need to addressthe mental health treatment
gap within these settings.

Mobile health (mHealth) interventions offer potentially scalable
and affordable solutions to reduce the treatment gap in mental
health care (eg, depression). Studies on the effectiveness of
mHealth intervention in this regard have shown promising
results[8-11].

The Latin AmericaTreatment and | nnovation Network in Menta
Health (LATIN-MH), 1 of 5 hubs funded by the National
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Institute of Mental Health (NIMH), conducted 2 randomized
controlled trials (RCTs) evaluating the effectiveness of a
low-intensity behavioral activation intervention for depression
(CONEMO). These aimed to reduce symptoms of depression
among individuals with hypertension, diabetes, or both
conditions attending public health care facilities in Sdo Paulo,
Brazil, and Lima, Peru [12].

The acronym CONEMO is derived from the terms “ Control”
and “Emotiona” (meaning: emotional control). Theintervention
is delivered viaa smartphone app, and minimally supported by
a nurse/nurse assistant (NA). The app consists of 18 brief
mini-sessions, delivered automatically over a 6-week period,
with 3 mini-sessions per week. Each session requires less than
10 minutesto complete[12]. The CONEM O intervention seeks
to expand accessto mental health carewhile using the available
health services in Brazil and Peru [13].

Although efforts have been made to ensure the effectiveness,
feasibility, and affordability of similar interventions, the success
and impact are primarily determined by regional differencesin
cost structures and the burden of chronic diseases [14]. Cost
data provide essentia information for financial planning and
enable decisions to be made regarding implementation
feasibility. Thiscost analysismay provideacritical contribution
to the planning and prioritization of interventionsto addressthe
large and growing burden of depressionin LMICs.

Although there is an increase in economic evaluations of
mHealth interventions, evaluations of these interventions in
LMICsremain limited [15]. This paper describes aprotocol for
an economic evaluation to be conducted as part of 2 RCTs
evaluating the cost-effectiveness of CONEMO, an mHealth
intervention to treat symptoms of depression in people with
diabetes or hypertension or both in Brazil and Peru.
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Methods

Study Design

The economic evaluation will follow the Methodological
Guidelines for Economic Evaluation Studies of Headth
Technologies [16] and will be reported according to the
Consolidated Health Economic Eval uation Reporting Standards
(CHEERS) checklist [17]. The multinational economic
evauationswill be fully split analyses (incorporating estimates
of both resource use and clinical effectiveness from the same
group of patientsfromindividua countries) with amulticountry
costing approach (applying unit cost estimates from individual
countriesto account for resource usein each of those countries)
[18]. The within-trial analyses will be conducted using data
from the randomized control trials NCT02846662 and
NCT03026426, and secondary data on health service costs
extracted from governmental public databases. This protocol
outlines the methods for a cost-effectiveness analysis and
cost-utility analysis alongside the RCTs conducted in Brazil
and Peru, respectively.

The proposed economic evaluations will be conducted from
both the public health care system perspective (including only
health care system costs) and the societal perspective (including
health care system costs plus patient and productivity costs).

Study Population

All participants in the RCT will be included in the economic
evaluations. Participants include patients of the public health
caresystemin Brazil or Peru. Inclusion criteriawere adults (age
>21 years), able to read the screen of a smartphone, receiving
treatment for hypertension, diabetes, or both (self-report
validated with clinical records), and experiencing symptoms of
depression. Symptoms of depression were defined as obtaining
ascore of 10 or more on the 9-item Patient Health Questionnaire
(PHQ-9) [19]. Participantswererecruited from 20 primary care
unitsin Sio Paulo, Brazil, and from 4 primary care centers and
3 outpatient clinicsin Lima, Peru.

Setting and L ocation

The Brazilian hedlth care system is made up of 2 subsectors:
the National Health System (Sistema Unico de Saiide [SUS]),
which is universal and free for everyone, and private health
insurance, which covers approximately 25% of the population.
Peru has a decentralized health care system administered by 5
providers: the Ministry of Health (MINSA), which provides
health services for 60% of the population; Socia Security
(EsSalud), which covers 30% of the population; and the Armed
Forces (Fuerzas Armadas Espafiolas[FFAA]), PoliciaNacional
del Perd (PNP), and private sector, which together provide
services to the remaining 10% of the popul ation.

Both Brazilian and Peruvian health care systems have been
implementing several reforms over the last 2 decades. As a
result, health service networksin these countries are segmented
into primary, secondary, and tertiary carelevels[6,20]. Patients
with diabetes and hypertension aretypically seen within primary
care in Brazil (primary care units) and within either primary
(primary care centers) or secondary care units (hospital
outpatient clinics) in Peru.

https://www.researchprotocols.org/2021/10/e26164

Vera Cruz dos Santos et al

The trials have been conducted in primary care settings (20
public primary care centers of the SUS) in Sao Paulo, Brazil,
andin 4 primary care centersin EsSalud and 3 outpatient clinics
in MINSA in Lima, Peru [21].

Comparators

In the Brazilian and Peruvian health care systems, there is no
screening policy for mental health in primary care units, where
the focus is on physical health. Mental health careis available
within specialized primary and secondary care servicesin both
countries. The usual care in the primary care setting integrates
practices of health promotion and clinical practice, which do
not include the use of depression screening instruments.

The economic evaluations will compare CONEMO plus
enhanced usual care with only enhanced usual care.

CONEMO Plus Enhanced Usual Care

Theintervention group received CONEM O plus enhanced usual
care. CONEMO is alow-intensity mHealth intervention aimed
at reducing symptoms of depression. It is delivered via a
smartphone app, and is minimally supported by a nurse/NA.
The CONEMO app delivers 18 brief, automated mini-sessions
over a 6-week period, with 3 mini-sessions per week. Each
session is completed in less than 10 minutes.

The app content is based on behavioral activation, an
evidence-based psychological approach to treat depression.
Processed data on app usage were collected automatically and
reviewed in real-time by nurses’NAs through a dashboard
installed on tablets.

Nurses/NAs met with participants for an initial face-to-face
meeting, where participants received a smartphone with the app
preinstalled and completed a tutorial on its use. Nurses/NAs
made 2 mandatory phone callsto all CONEMO participants at
the beginning of the program to troubleshoot any difficulties
and enhance motivation for the use of CONEMO. Additional
calls were prompted through notifications sent to nurses/NAs
when the CONEM O automated system detected nonadherence.
Patients could request technical help through the help button
on the app. Nurses/NAs received training and were supervised
weekly by psychologists through face-to-face meetings or via
telephone.

Enhanced Usual Care

The control group received the usual care plus the following
procedures:

«  Participantswere screened using the PHQ-9 at baselineand
at 3- and 6-month follow-ups.

+ Those with a score of 10 or more on the PHQ-9 were
advised to seek appropriate mental health care.

+ Those presenting with suicide risk were referred to
specialized mental health services, by either a hedth
professional (in Sao Paulo and Lima) or the research team
(in Lima). In Lima, relatives or health care professionals
were also informed depending on risk severity.

« All participants received at |east one call after screening at
inclusion, and at 3- and 6-month follow-up from the
research team to assessif they had sought specialized mental
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health care. Those with higher risk or who did not seek care
received additional phone calls.

TimeHorizon and Discount Rate

Time horizon analyses will use the study follow-up period: 3
and 6 months after the inclusion of participantsin the study in
order to understand its permanence effect. We truncated time
horizons to the length of follow-up in the RCTs because the
long-term health outcomes remain unclear and are not expected
to last beyond 6 months.

Following the recommendations of the Methodological
Guidelines for Economic Evaluation Studies of Hedth
Technologies[16], we will not apply the standard discount rate
of 5% on costs and benefits, because of the short (<1 year) time
horizons.

Choice of Health Outcomes and M easurement of
Effectiveness

Table 1 summarizes the health outcome measures and time of
collection for the outcomes that will be used in the economic
evauations.

Table 1. Summary of health outcomes measured.
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Two health outcomeswill be measured: reduction in symptoms
of depression and health-related quality of life. First, the primary
outcome of effectivenessfor the cost-effectiveness analysiswill
be the proportion of patients with at least 50% reduction in
PHQ-9 scores. Thisindicator has been used in many depression
trialsand is considered arobust way of symptom improvement
[22].

Second, the EuroQol 5-dimensional questionnaire, 3-level
version (EQ-5D-3L) will be used to measure health-related
quality of life and provide utilities for estimation of
quality-adjusted lifeyears (QALYs). The EQ-5D-3L isageneric
preference-based measure used in many clinical trialsfor awide
range of health conditions and treatments [23].

The measurement of clinical effectiveness will take place over
3 periods: baseline, 3-month foll ow-up, and 6-month follow-up.
Both countries used the same measures (PHQ-9 and EQ-5D-3L).

Health outcomes Measures Timing of collection Source of data
Depressive symptoms PHQ-9? Baseline, 3-month follow-up, and 6-month follow-up Trials patient-reported outcomes
Quality of life EQ-5D-3LP Baseline, 3-month follow-up, and 6-month follow-up Trials' patient-reported outcomes

3PHQ-9: 9-item Patient Health Questionnaire.
bEQ-5D-3L: EuroQol 5-dimensional questionnaire, 3-level version.

Estimating Resources and Costs

The cost estimation will involve 3 stages: (1) identification of
the costing items used to provide a particular service, (2)
measurement of the resources used, (3) application of monetary
value for each cost item, and calculation of the unit cost of a
particular service [24].

The measurement of the resourceswill take place over 3 periods,
baseline, 3-month follow-up, and 6-month follow-up, in the
intervention and control groups. These are the same periods
used to assess clinical effectivenessin the RCTs.

The measurement of resource use will be based on the group
of patients from each country. The costing approach will apply
unit cost estimatesfrom Brazil and Peru to account for resource
use in each of those countries.

Costs will be applied to the resources based on the unit costs
or price weights most recently published in the respective
official government databases (Department of Informatics of
the National Health System, Departamento de Informatica do
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Sistema Unico de Salide [DATASUS] in Brazil; and the Integral
Health Insurance/Seguro Integral de Salud [SIS] in Peru). Other
resource use not recorded in DATASUS or SIS will be based
on LATIN-MH databases. These costs will be obtained in
Brazilian reals (R$) and Peruvian sols (S$), asper ratesin 2017.
All costs will be adjusted for inflation using the Brazilian and
Peruvian consumer price indexes for the current reference year
(2021) and will be converted into international dollars (INT$)
using the 2021 purchasing power parity (PPP) conversion factors
for Brazil and Peru.

We will use a mixed costing methodology (ie, a combination
of top—down and bottom—up approaches) considering 4 cost
categories: intervention (CONEMO related) costs, health care
costs, patient and family costs, and productivity costs. Table 2
presents an overview of resource use and cost measures that
will be used in the economic evaluations. These include costs
hypothesized to differ between CONEM O plus enhanced usual
care (the intervention group) and enhanced usual care (the
control group).
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Table 2. Summary of cost categories measured.
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Hospital admissions
Medicines

Patient and family costs

Transport

Number of hospital admissions

Number of doses

Number of trips

Cost/hospital admission
Cost/dose

Cost category and unit Unit cost Source of data

Intervention (CONEM O?) costs
Staff involved in supervision Hour of supervision Cost/hour LATIN-MH2 databases
Staff involved in training Hour of aresearch assistant Cost/hour LATIN-MH databases
Transport Number of trips Cost/trip LATIN-MH databases
Dashboard and app maintenance Maintenance charge Cost/month LATIN-MH databases
Internet package Monthly package Cost/month LATIN-MH databases
Office supplies Cost/month LATIN-MH databases
Infrastructure Cost/month LATIN-MH databases

Health care costs
Psychiatrist visits Number of visits Cost/visit CEIP and 1SSM®
Family physician visits Number of visits Cost/visit CEl and ISSM
Psychologist visits Number of visits Cost/visit CEl and ISSM
Emergency room visits Number of visits Cost/visit CEl, ISSM, and SAES

CEl, ISSM, and SAEs
CEl and ISSM

Internet Monthly package
Productivity costs

Days of work lost Number of days

Cost/trip Average cost for public transport
Cost/month Average market price
Cost/hour Average hourly wage

8CONEMO: control emotional (emotional control intervention).

BLATIN-MH: Latin America Treatment and Innovation Network in Mental Health.

CCEl: Cost-Effectiveness Instrument.
dMental Health Instrument.
®SAE: Serious Adverse Events Report.

Intervention Costs

Intervention costs include the value of the staff time and
transport involved in either supervision or training of the primary
care workers that will use CONEMO.

Wewill assumethat theintervention (CONEMO) is operational,
and so start-up costs, such as design and development of
CONEMO, will be excluded. Therefore, we will include only
costs for maintenance of the dashboard and app, internet package
costs, and expenditures related to office supplies and
infrastructure.

All of the research-related costs associated with trial
administration, data collection, and outcome assessment of
RCTswill be excluded.

Health Care Costs

Health care costs will include direct medical costs: outpatient
visits, emergency room and hospital admissions, and medicines
prescribed during the study period.
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Patient and Family Costs

Patient and family costs will include direct nonmedical costs,
such as transport for seeking health care and internet
expenditures. In So Paulo, we will assumethat for each hospital
admission, there will be 2 public transport trips. For those aged
over 60, we will add acompanion cost (according to Article 16
of the Brazilian Elderly Statute) [25]. In case of attendance at
the primary care centers, no transportation cost will be
calculated, as we are assuming participants will be attending a
local service. In Lima, we will consider the use of 2 public
transport trips for all participants. For participants aged over
60, considering the lack of specific regulations, we agreed on
including an additional 50% cost for caregiver transportation.

We assumed that the patients already own a smartphone and
included only the costs of internet access.

Productivity Costs

Productivity costswill include indirect costsrelated to lost days
of work due to morbidity and will be estimated according to
the human capital approach [26]. Productivity costs associated
with depressive symptoms will be calculated by multiplying
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the number of hours absent with an average hourly wage in
Brazil and Peru.

Policy Statement, Data Analysis, and Security
Responsibilities
The RCTs were approved by the Data and Safety Monitoring

Board (DSMB) of the NIMH, USA, and local ethics committees
in Sdo Paulo and Lima.

Primary data (phase 1) were collected on ethical standards and
underwent internal and external audit by the DSMB. Secondary
data (phase 2) will follow the same guidelines for quality
purposes.

Informed consent was obtained from participants by theresearch
team at screening and basdline. Consent for this study was
obtained as part of the RCT procedures.

Study coordinators (DdS and PS) will carry out the collection
and analysis of secondary data from each country with the
support of the LATIN-MH Data Center team and a specialized
consultant under the supervision of the principal investigators
(PM and RA). Data sets will be anonymized by removing
personal identifiers (eg, name, phone number) to protect the
confidentiality of study participants.

Analytic Methods

Mean values of the estimated health outcomes and costs, aswell
asmean differences between the comparator groups (CONEMO
plus enhanced usual care versus enhanced usual care) will be
reported. Incremental cost-effectivenessratios (ICERs) will be
calculated as the arithmetic mean difference in cost between
CONEMO plus enhanced usual care and enhanced usual care,
divided by the arithmetic mean difference in effect. For the
cost-effectiveness analysis, the corresponding ICER will be
expressed as the incremental costs per at least 50% reduction
of PHQ-9 scores. In the cost-utility analysis, the ICER will be
expressed as the incremental costs per QALY gained. ICERS
will be generated by nonparametric bootstrapping methods using
random resamples for every 1000 pairs of outcomes and costs
for the intervention and comparator groups to derive 95% Cls
[27]. Thedistribution of mean incremental costs and outcomes
shown on cost-effectiveness will be conducted to test the
robustness of results.

Sensitivity Analyses

Deterministic and probabilistic sensitivity analyses will be
performed to determine the level of confidence around the
resulting ICERs. Several deterministic (1 way) sensitivity
analyseswill be carried out by varying the key parameters (such
as quantity of resource use, unit cost of resource use, QALY'S)
inthewithin-trial analyses. Resultsfrom deterministic sensitivity
analyseswill be presented in atornado diagram to compare the
relative importance of the parameterswith the |ICER. Theresults
from the probabilistic sensitivity analysiswill aso be presented
using cost-effectiveness acceptability curves [28]. This curve
indicates the probability that the CONEM O plus enhanced usual
care is cost-effective compared with enhanced usua care,
considering the thresholds range of $PPP3210-$PPP10,122 per
QALY gained for Brazil, and of $PPP1969-$PPP7747 per
QALY gained for Peru [29].
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Statistical SoftwareUsefor Health Economic Analysis

Stata (StataCorp) version 15.0 or higher will be used for all
health economics analyses.

Results

Phase 1 of the project ran from September 2016 to April 2018
to assess the applicability of CONEMO. Phase 2 began in June
2018 and is expected to be completed in September 2021. The
economic evaluation of CONEMO will be conducted during
this phase. Resultswill be used to report the costs of CONEMO
to help plan the implementation of the intervention. The
evauation will aso calculate the cost-effectiveness of
CONEMO to improve symptoms of depression.

Discussion

Overview

Assessing the economic viability of the CONEMO intervention
based on its cost-effectiveness will enable us to ascertain the
feasibility of itsimplementation in primary and secondary care.
If shown to be financially viable, the intervention could help
bridge the treatment gap and increase access to mental health
care. If the ICER isfavorable, there would be a strong case for
policymakers to support the scale-up of thisintervention.

Implementing the CONEMO intervention would enable the
screening, identification, and treatment of depression in patients
with chronic diseases. The expected result is a reduction in
symptoms and likely an increase in self-care, adherence to
treatment, and quality of life. These outcomes could also result
in fewer complications and required resources, as well as
reduced health care costs. Using nursing staff to support patients
rather than specialized menta health professionals and
specialized services could also be an efficient use of human
resources, thereby saving costs in the longer term.

Economic evaluations are particularly important because they
can be used to guide decision makers or fundersin determining
if the mHealth interventions improve health outcomes when
compared to other existing interventions [15]. They are also
important for analyzing whether the cost to adopt and maintain
the intervention in a health system is justified. One of the
barriers of mHealth implementation and scale-up isthe financia
feasibility, yet few studies include or detail operational costs
of mobile communication, such as fees charged to end users
(patients).

Generalizability and Future Research

If found to be clinically effective and cost-effective, CONEMO
could be used in other popul ations with similar treatment gaps
[13]. Replication has been made possible by the standardized
materialsused. The generalizability of resultsislikely high due
to the diverse in-country heterogeneous sample and its
implementation in 2 countries.

Implications for health provision and use: We would seek
to collaborate with other services to develop further
evidence for implementation.
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Implications for health policies: Despite some limitations,
this protocol will be used to measure the costs of mental
health servicesin 2 studies, generating datato support local
mental health policies, boost research in the country, and
support new studies.

Vera Cruz dos Santos et al

Cost-effectiveness analysismay be hampered by the scarcity
of economic and epidemiological data available and the
composition of the variables for each cost when found.

Peruvian analysis will follow Brazilian guidelines due to
the lack of guidelines for health economic evaluation in

Peru.

Some cost itemswill be based on other similar items, which
do not express the same precision level of a specialized
service sample collected on official cost indicator databases.
Difficulty in including al indirect costs incurred from the
societal perspective due to insufficient information related
to the treatments under analysis.

Study Limitations

Health economic evaluation studies on mHealth interventions
have not been conducted in Brazil and Peru; while thisis an
innovative research study, some limitations remain. These are
asfollows:
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Abstract

Background: Major depressive disorder (MDD) accounts for 40.5% of disability-adjusted life years caused by mental and
substance use disorders. Barriers such as stigma and financial and physical access to care have been reported, highlighting the
need for innovative, accessible, and cost-effective psychological interventions. The effectiveness of supportive SM Stext messaging
in alleviating depression symptoms has been proven in clinical trials, but this approach can only help those with mobile phones.

Objective: This paper presents the protocol for a study that will aim to evaluate the feasibility, comparative effectiveness, and
user satisfaction of daily supportive email messaging as an effective strategy compared to daily supportive text messaging as part
of the treatment of patients with MDD.

Methods: Thistria will be carried out using a hybrid type Il implementation-effectiveness design. This design evaluates the
effectiveness of an implementation strategy or intervention, while also evaluating the implementation context associated with
the intervention. Patients with MDD receiving usual care will be randomized to receive either daily supportive email messaging
or daily supportive text messaging of the same content for 6 months. The Patient Health Questionnaire-9, the Generalized Anxiety
Disorder-7, and the 5-item World Health Organization Well-Being Index will be used to evaluate the effectiveness of both
strategies. The implementation evaluation will be guided by the RE-AIM (Reach, Effectiveness, Adoption, Implementation, and
Maintenance) framework, as well as the Consolidated Framework for Implementation Research. All outcome measures will be
analyzed using descriptive and inferential statistics. Qualitative datawill be analyzed using thematic analysis.

Results: Datacollection for thistrial began in April 2021. We expect the study results to be available within 18 months of study
commencement. The results will shed light on the feasibility, acceptability, and effectiveness of using automated emails as a
strategy for delivering supportive messages to patients with MDD in comparison to text messaging.
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Conclusions: The outcome of this trial will have translational impact on routine patient care and access to mental health, as
well as potentialy support mental health policy decision-making for health care resource alocation.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(10):€29495) doi:10.2196/29495

Clinical Trials.gov NCT04638231; https://clinicaltrials.gov/ct2/show/NCT04638231
DERR1-10.2196/29495

KEYWORDS

email messaging; text messaging; supportive; major depressive disorder; randomized trial; menta health; digital health; mobile
health; mHealth; patient care; health policy; decision-making; health care resources

Introduction

Background

Depression isadebilitating condition characterized by changes
in mood, self-attitude, cognitive functioning, sleep, appetite,
and energy levels [1,2]. Decreases in the quality of life
associated with depression leads to impairment in occupational
and socia functioning [2,3]. In 2010, it was estimated that
mental and substance use disorders were the leading cause of
yearslived with disability worldwide, with depressive disorders
accounting for 40.5% of disability-adjusted life years caused
by mental and substance use disorders [4]. Depression is thus
amajor contributor to the overall global burden of disease[4-6],
and it is projected by the World Health Organi zation that major
depressive disorder (MDD) will be the leading cause of
disability worldwide by 2030 [7].

In 2012, over 3.2 million Canadians over 15 years of age
(11.3%) reported symptoms of major depression, which is
associated with higher health and service utilization than most
other patients [8]. Psychosocia interventions and
pharmacotherapy are among preferred first-line treatments for
severe mental health problems including major depression [9].
Psychotherapies, such as cognitive behavior therapy,
interpersona psychotherapy, problem-solving, and behavioral
activation are common and effective forms of treatment for
depression [9]. However, access to these psychotherapies is
limited by human resource capacity constraints, which leaves
the majority of people with depressive disorders untreated
[10,11]. Access is further limited by geographic location as
psychosocia servicesare also more frequently availablein cities
and towns [12], with far less access for rura inhabitants [13].
Evenin citiesand towns, these servicesare mostly only available
during the working days and day-time business hours [8,14],
with caregivers often dealing with twice the recommended
number of clients, further restricting appointment availability
[14]. Long wait-times to access counseling services and the
stigma associated with seeking mental health counseling also
compound the problem. In the 2012 Canadian Community
Health Survey on Mental Health, barriers such as lack of a
readily available care system, stigma, and affordability of health
care services were reported by 2.3 million Canadians, who
expressed they had unmet or partially met mental health care
needs [15,16]. It is clear that the traditional ways of providing
mental health care alone will not be able to meet the demands
for services given that the prevalence of depression is so high
and not likely to decrease any time soon [17]. Consequently,
thereisaneed to develop innovative psychol ogical interventions

https://www.researchprotocols.org/2021/10/€29495

that are not human resourceintensive, and are easily accessible,
cost-effective, independent of geographic location, scalable,
and can be offered to thousands of people simultaneously.

Digital technologies for the provision of health care
interventions have advanced significantly in the last decade,
and further development of thisfield looks very promising [18].
Current evidence supports the efficacy and cost-effectiveness
of these new technologies, such as tele-mental health, as they
may enhance access to mental health care and contribute to
closing the treatment gap that has existed over the years[19,20].
Useful communication methodsfor the delivery of mental health
services have included smartphone apps, text messages, and
email [20,21]. Thereistherefore aneed for the health profession
to embrace these new trends of digital technological care,
particularly in the domain of mental health [22].

Intervention and | mplementation Strategies

eHealth approaches have been rapidly expanding in recent
decades, with evidence indicating that the provision of
internet-based mental health servicesisclinically effective[23]
and cost-effective even though many health professionals have,
until quite recently, been slow to engagein thisclinical domain
[24,25]. Supportive text messages have a so becomeincreasingly
accepted as an appropriate and acceptable means of delivering
psychological care to patients with mental health issues [26].
It is estimated that 99% of received text messages are opened,
and 90% of all text messages are read within 3 minutes of
reception [27], presenting an accessible opportunity to close
the psychologica treatment gap for patients with depression
[28]. In 3 randomized controlled trials conducted in Ireland [ 29]
and Canada [30], patients with MDD who received twice-daily
supportive text messages had significantly greater reductions
in their depression symptom scores than patients who received
treatment as usual. In the first of the 2 studies conducted in
Ireland, after 3 months, the mean differencein Becks Depression
Inventory-1l (BDI-I1) scores between the intervention and
control groups was —7.9 (95% Cl —13.06 to —2.76, Cohen
d=0.85) in favor of the intervention group [29]. Similar results
were reported in another Irish study with a larger sample size
and, after 3 months of exposure, a Canadian study reported a
significant differencein mean BDI-II scoresfor theintervention
versus control groups (mean 20.8, SD 11.7 vs mean 24.9, SD
11.5, respectively; F 5;=4.83, P=.03, r]p2:0.07) with an effect
size (Cohend) of 0.67[30]. A recent literature review of studies
conducted on the effectiveness of text messaging as an adjunct
therapy for mothers with postpartum depression living in
low-income countries also reported a positive outcome [31],
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where the mothers showed a preference for receiving
psychological care via text messaging [32]. Severa studies
reported high user satisfaction with a supportive text message
intervention [28,33], and in one of these studies, 83% of
subscribers to the Text4dMood program reported that daily
messages contributed to improving their overall mental
well-being [28].

Though patronage of supportive text messaging programs is
deemed great in most cases due to the high numbers of
subscribers, anecdotally, some people were unable to subscribe
to supportive text messaging programs such as Text4Hope [33]
and Text4Mood [28] because they did not have active maobile
phone numbers, including severa individuals for whom these
programs were recommended by Addiction and Mental Health
clinics in Edmonton resulting in inquiries as to whether the
messages could be sent to them via email. In the participants
satisfaction survey for the Text4Hope program, the majority of
respondents (64%) were in favor of email messaging as part of
their health care support during crisis periods despite having
access to mobile phones.

With the rise of eHealth apps, email has been established as a
secure avenue of communication, increasingly used for
interactions between physicians and their patients [34]. The
uniqueness of email messaging can be linked to its special
characteristics, including flexibility of message length,
asynchronous communication, and rapid message delivery [18].
There is a lack of data on whether email messaging is as
effective as text messaging to clinically support patients with
MDD.

Study Aims and Objectives

The Supportive Text vs Email Messaging (STEM) trial aimsto
evaluate comparatively the implementation and impact of two
implementation strategies (text messaging and email messaging)
for delivering supportive messages to patients with MDD.

The specific objectives are outlined below:

1. Implementation evaluation:

»  Tocomparetheimpact of both strategiesfor delivering
the daily supportive messages on implementation
outcomes (adoption, fiddlity, reach, cost, sustainability);

» To evaluate contextual factors that could inhibit or
facilitate the implementation of each strategy.

2. Clinical effectiveness evaluation:

+ To compare the mean difference in Patient Health
Questionnaire-9 (PHQ-9) [35] scores from baseline
and at 6, 12, and 24 weeks for patients with MDD
receiving standard care plus daily supportive email
messages to those receiving standard care plus daily
supportive text messages;

»  To compare the quality of life using the 5-item World
Health Organization Well-Being Index (WHO-5) [36]
at basdlineand at 6, 12, and 24 weeksfor patientswith
MDD receiving standard care plus daily supportive
email messages to those receiving standard care plus
daily supportive text messages,

+ To compare anxiety levels using the Generalized
Anxiety Disorder-7 (GAD-7) scale [37], a baseline
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and at 6, 12, and 24 weeks, aswell as the dropout and
satisfaction rates between patientsin the two treatment
arms.

Methods

Study Design

The STEM study design is a mixed methods, hybrid type Il
implementation-effectiveness trial. This design evaluates the
effectiveness of an implementation strategy or intervention,
while also evaluating the implementation context associated
with the intervention [38,39]. This study is a randomized
noninferiority trial testing the outcomes for email messaging
(as a strategy for delivering daily evidence-based supportive
messages to patients with MDD in addition to usua care), in
comparison to outcomes for text messaging, which has been
deemed effective by previous studies (with noted
implementation limitations [28,33]). The relevant guidelines
and checklist were obtained from the Enhancing the Quality
and Transparency of Health Research (EQUATOR) network
website and used in the design of thistrial [40]. These include
the SPIRIT (Standard Protocol Items. Recommendations for
Interventional Trials) checklist (Multimedia Appendix 1) and
CONSORT (Consolidated Standards of Reporting Trials)
guidelines (Multimedia Appendix 2) [41,42].

Study Settings

Patients will be recruited from the Alberta Health Services
Access 24/7 clinic located in Edmonton, Canada. This city
center Access 24/7 clinicisazone-wide centralized intakeclinic
for addiction and mental health. Patients with mental health
concerns can self-present or are referred by a primary care
provider to the clinic for assessments and referral to other
community mental health clinics for follow-up or to other
community support services as necessary.

Participant Recruitment

Patients who have been assessed by apsychiatrist at the Urgent
Psychiatric Clinic of the Access 24/7 clinic in Edmonton and
diagnosed with an MDD according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) criteriausing
a structured clinical interview will be offered an information
leaflet about the study and invited to participate.

Inclusion Criteria
Theinclusion criteria are as follows:

1. Persons aged 18 to 65 years who have the capacity to
provide informed consent;

2. Patients who have been assessed using structured clinical
interviews for DSM-5 and diagnosed with an MDD;

3. Patients who have a mobile phone with an active line and
a functional email address and can access both email
messages and text messages;

4. Patients who willingly agree to be enrolled in the trial and
sign the consent form.
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Exclusion Criteria

Patients will be ineligible if they are patients with active
psychotic disorders or residing outside of regular mobile phone
and internet connection areas. They will also be ineligible if
they previously or currently subscribed to Text4Hope,
TextdMood, Text4Support, or ancther supportivetext messaging
program.

Sample Size

Based on the effect sizes (Cohen d of 0.85 and 0.67) achieved
in 2 previous randomized trials (n<80 for each trial), which
compared daily supportive text messages plustreatment as usual
with treatment as usual alone for the management of patients
with MDD, a sample size of 80 is estimated to have sufficient
power for the current protocol. Allowing for a projected
maximal 20% overall dropout rate, we propose to recruit 100
patients with MDD into the trial, with 50 patients randomly
allocated into each study arm.

Randomization and Blinding

Wewill use computer-generated block randomization to ensure
balance (1:1) between the two treatment groups. Randomi zation
codes will be provided viatext message directly to the blinded
researcher’s password-protected phone linewith asecure online
backup. Thiswill occur for enrollment as each participant signs
the consent form. All study participants will complete baseline
assessments before randomization, and follow-up assessments
will occur through online surveyswith the survey links delivered
via text messaging or email messaging depending on which
study arm participants belong to. Participants will be asked to
use either the email address or phone number with which they
receive messages as their study 1D on the follow-up online
surveys.

Intervention and | mplementation Strategies

A research coordinator will assist participants who have
provided written informed consent to enroll in either the email

https://www.researchprotocols.org/2021/10/€29495
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messaging or text messaging program by inputting their email
address or phone humber into the online email messaging or
text messaging platforms that will be used to deliver the daily
messages. Starting a day after enrollment, participants will
receive either daily supportive text messages or daily supportive
email messages. Both the email and text messages have the
same content and have been crafted by mental health therapists,
clinical psychologists, psychiatrists, and mental health service
users based on cognitive behavior therapy principles. Each
message will be scheduled to be delivered to the participants
mobile phone or email address at 10 AM MT, and each
participant will receive the messages for 6 months.

Conceptual Framework

This hybrid trial will evaluate and compare both the
effectiveness of each STEM strategy (supportive text messaging
and email messaging) aswell as context, process, and outcomes
of the implementation. The tria will integrate two
implementation science frameworks to guide the evaluation:

1. The RE-AIM (Reach, Effectiveness, Adoption,
I mplementation, and Maintenance) framework [43], which
comprises five domains, will be used to assess external
validity and feasibility of scale-up.

2. The Consolidated Framework for | mplementation Research
(CFIR) [43,44] will be used to systematically assess
contextual factors (barriers and facilitators) that influence
the adoption and implementation of the strategies. The CFIR
guides the evauation of contextua influences on
intervention implementation and consists of five domains:
intervention characteristics, outer setting, inner setting,
characteristics of individuals, and process of
implementation.

Figure 1 is an illustration of the evaluation framework of the
STEM trial, while Table 1 is an overview of the outcome
measures.
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Figure 1. Conceptual framework of the Supportive Text vs Email Messaging (STEM) trial informed by the RE-AIM (Reach, Effectiveness, Adoption,
Implementation, and Maintenance) and Consolidated Framework for Implementation Research frameworks. PHQ-9: Patient Health Questionnaire-9,
WHO-5: 5-item World Health Organization Well-Being Index, GAD-7: Generalized Anxiety Disorder-7.
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Table 1. Overview of the Supportive Text vs Email Messaging (STEM) outcome measures.

Adu et a

RE-AIM2domain and outcomes ~ Measures Data source Timeline (months)
1-3 10-12 13-15 16-18
Reach
Dose delivered Thefrequency of emailsand STEM metadata 0 O g d
text messages sent to the
subscribers (including deliv-
ery failures)
Dose received The average number of Survey questionnaire O g d
times participants read the
emails or text messages
Effectiveness
Depression symptom score  Patient Health Question- Clinical questionnaire O g d
naire-9 (PHQ-9)
Patients’ quality of life 5-item World Hedlth Organi-  Clinical questionnaire O g d
zation Well-Being Index
(WHO-5)
Anxiety symptom scores Generalized Anxiety Disor- Clinical questionnaire ad g ad
der-7 (GAD-7)
Adoption
Acceptability/uptake Thenumber of subscriptions  STEM metadata d
to the text and email ser-
vices
Acceptability/uptake Barriers and facilitators Qualitative focus group dis- ad
cussions guided by the
CFIRP
Implementation
Feasibility Implementation drivers Qualitative focus group dis- d
(barriers and facilitators) cussionsguided by the CFIR
Fidelity The proportion of partici-  Survey questionnaire O d d
pantswho read the messages
at least once a day
Cost Comparativecost of develop- STEM metadata ad O a O O ad
ing and maintaining both
strategies
Maintenance
Sustainability Dropout rates; barriersand ~ Subscription data; qualita- ad
facilitators tivefocus group discussions

guided by the CFIR

8RE-AIM: Reach, Effectiveness, Adoption, Implementation, and Maintenance.

BCFIR: Consolidated Framework for Implementation Research.

Effectiveness Evaluation

Hypothesis

Asthe same messages will be delivered through the supportive
text message program and the email program, we hypothesize
that daily email messaging will not be inferior to daily
supportive text messaging in reducing depression symptoms
and improving quality of lifefor patientswith MDD. We further
hypothesize that participant dropout rates and satisfaction rates
will be comparable in the two arms of the study.

https://www.researchprotocols.org/2021/10/€29495

Data Collection

Participants who provide informed written consent and agree
to participate in the study will be asked to complete a baseline
assessment questionnaire that captures both demographic and
clinical information. At 6, 12, and 24 weeks, an online survey
link will be sent to participants viaemail or text messagesalong
with an invitation for them to complete the assessments.
Participants will enter the email address or phone number
through which they receive the messages astheir study identifier
at the start of the survey so that their data at the 4 time points
can be matched. Participants who have not completed their
follow-up assessments within 3 days of the due date will be
contacted by a research coordinator and reminded to do so, or
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if they require assistance to complete the assessment, such
assistance will be offered, including the option to complete the
assessment over the telephone. In instances where such
assistanceisrequired, ablinded research assistant will be asked
to read out the survey questions to the participant and record
their responses.

Outcome Measures

The primary effectiveness outcome measures for the study will
be the differences between mean scores on the following scales
measured at baseling, 6, 12, and 24 weeks for the two study
arms: the PHQ-9, WHO-5, and GAD-7.

The PHQ-9 scale will be used to provide depression symptom
scores [35]. The PHQ-9 is a 9-item validated instrument
(associated with a Cronbach alpha of .89) that is used to
diagnose and measure the severity of depression in general
medical and mental health settings. Each of the 9 questionnaire
items is scored between 0 (not at all) to 3 (nearly every day).
Higher scores on the scale indicate higher levels of depression.
The PHQ-9 demonstrated good convergent validity with related
constructs with an adequate internal consistency [45].

The WHO-5 will be used to measure patients' quality of life
[46]. The WHO-5 isashort 5-item questionnaire that measures
the subjective well-being of the respondents. The scale has
adequate validity as an outcome measure in clinical trials and
asageneric scalefor assessing well-being over time or between
groups [47].

Secondary outcomes include changed mean scores on the
GAD-7 scale[37] at baseline, 6, 12, and 24 weeks for the two
study arms, aswell as participant dropout rates and satisfaction
rates at 12 and 24 weeks in the two arms. The GAD-7 is a
validated 7-item questionnaire (associated with a Cronbach
alpha of .92) that is used to assess the self-reported levels of
anxiety in respondentsin the 2 weeks prior to assessment. Each
item on the scale is scored between 0 (not at all) to 4 (nearly
every day). Higher scores on the scaleindicate higher levels of
anxiety.

Data Analyses

We will summarize the baseline demographic and clinical
characteristics of participants in raw values and percentages
and compare them between the two treatment arms using
chi-square or Fisher exact tests and appropriate t tests. The
primary and secondary outcome measures will be analyzed
using descriptive and inferential statistical analysis. For the
primary outcome measures, we will use analysis of covariance
(ANCOVA) to assess the change in scores between the two
treatment arms, with baseline PHQ-9 and WHO-5 scores as
covariates, the treatment arm as the independent variable; and
PHQ-9 and WHO-5 scores at 6, 12, and 24 months as respective
dependent variablesfor each time point. Secondary quantitative
outcome measures will be compared using chi-square or Fisher
exact tests and appropriatet tests.

Implementation Evaluation

Implementation evaluation will seek to explore and compare
the context, process, and outcomes of implementing the two
strategies, guided by the CFIR and the RE-AIM frameworks.

https://www.researchprotocols.org/2021/10/€29495
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A mixed method approach will be applied in evaluating the
implementation of the STEM trial.

Data Collection

Quantitative data will be collected on the implementation
outcomes. acceptability, fidelity (adherence to reading
messages), and sustainability (continued utilization). Data will
be collected using user satisfaction survey questionnaires at 6,
12, and 24 weeks for the two study arms.

Qualitative data will be collected via focus group (see details
below) discussionsinvolving the patients. The discussion topic
guidewill beinformed by the CFIR domainsand will also elicit
participants views on barriers and facilitators to the
implementation of both strategies.

We will invite a random sample of 10 participants via text
message and email to take part in avirtua focus group workshop
using end-to-end encrypted teleconferencing (with appropriate
consent for confidentiality) to discuss the impacts of the
interventions. In order to explore the reasons why participants
remain or drop out of the study, we will hold a focus group for
a cross-section of participants who remained in the study and
those who dropped out to discuss the impacts of the supportive
email and text message interventions. Thus, an invitation will
go to both those who remain in the study and those who dropped
out, and participation in the focus group workshop will be
voluntary. We will offer a CAD $50 (US $39) gift card as
honorarium to cover the cost for participants attending the focus

group.
Data Analysis

Quantitative data will be analyzed as described under
“Effectiveness Evaluation” section. Qualitative data obtained
through audio recordings from the patient focus group
discussions will be transcribed, then analyzed using thematic
analysis aided by NVIVO software (QSR International). Data
analysiswill be both deductive and inductive. Deductive analysis
will be guided by the CFIR and RE-AIM. Two researchers will
independently conduct the initial coding after familiarization
with the transcripts; thereafter, the subsegquent and final coding
criteria will be agreed upon by both researchers following an
iterative review of emerging themes asinformed by the research
guestions. The final sets of themes and subthemes relevant to
the overall research goals will be reported and supported with
verbatim quotes.

Addressing Missing Data

Though preventing missing dataisdifficult in clinical research,
measures will be put in place by the researchers to minimize
the occurrence of missing data. This includes having a
well-defined data collection strategy that is understood by al
study personnel, aswell as having asimple set of questionnaires
to collect only relevant data needed, minimizing the number of
follow-ups with participants, and creating substantial gaps in
the number of follow-ups. The investigators will identify and
actively engage the participants who would be at the greatest
risk of being lost during follow-up. Further, the data collection
would be monitored and reported in as close to rea time as
possible during the study. Notwithstanding the above, the mean
substitution strategy would be employed by the research team
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to handle missing data [48]. Here, the mean value of avariable
is used in the place of the missing data value for that same
variable. Thisallowsthe researchersto utilize the collected data
in an incomplete data set. Questionnaires with more than 20%
missing responses will be excluded.

Gender Analysis

Gender analyses will guide the entire study. Beyond gender
disaggregation and adjustments to accommodate potential
differences in subscription, the devel opment and adaptation of
the supportive messages will receive input from gender
specialists. Further, the implementation science framework
CFIR isdesigned to accommodate and understand gender among
the characteristics of individuals involved in intervention
implementation.

Ethics and Dissemination

All study participants will be provided with an information
leaflet and offered the opportunity to ask questions about the
study before being asked to provide written informed consent
to participate in the study. Data collection will occur online
through patient self-completed rating scales. The study has
received ingtitutional review board approval from the University
of Alberta Human Ethics Review Board (Pro00105429), and
the tridl has been registered a ClinicaTrials.gov
(NCT04638231). Resultswill be disseminated as publications,
conference presentations, and stakeholder policy dialogues.

Results

Data collection for this trial began in April 2021. We expect
the study results to be available within 18 months of study
commencement. The findings of the trial are expected to shed
light on the feasibility, acceptability, and effectiveness of using
automated emails as a strategy for delivering supportive
messages to patients with MDD in comparison to text

messaging.
Discussion

Implications of the Study

Supportive messaging may be effective for providing patient
support for various mood disorders. It is accepted that this

Adu et a

intervention can reduce demand for physical mental health
services, particularly the need to seek acute mental health care
at emergency departments [28,30,33].

As previous studies have delivered these messages using text
messaging services on mobile devices, this study seeks to
examinethe effectiveness of email-based delivery of equivalent
messages. The STEM tria will provide comparative evidence
on both delivery strategies as well as useful information to
inform us on how to better implement them at scale. Findings
from this study will be useful for mental health professionals
managing MDD, and will contribute to knowledge on eHealth
approaches generally. During the current COV1D-19 pandemic,
this is particularly important as health care agencies seek
alternatives to physical contact where possible [49,50].

The external validity of this trial is limited by the single
catchment site context. Despitethis, findingsfrom thistrial will
inform the implementation of a planned full-scale multicenter
clinical trial using Resilience N Hope [51] to determine the
effectiveness of this strategy across various contexts. The
limitations are mitigated by the mixed methods approach to the
design. It is hoped that the triangulation of findings from both
guantitative and qualitative methodswill provide useful insights.
In addition, the proposed application of implementation science
frameworks will provide practical information to inform
implementation at scale. Unavoidably, the study sample might
experience a considerable selection bias, based upon the
necessity of having a functioning mobile phone and an email
addressin order to be able to participate in the study. Thus, this
bias may limit the generalizability of our findings as patients
who lack these prerequisiteswill not necessarily be represented
in here.

Conclusion

The STEM trial isexpected to inform effective and contextually
feasible strategies for delivering supportive messages to patients
with MDD. The outcome of this trial will have trandational
impact on routine patient care and access to mental health as
well as potentially support mental health policy decision-making
for health care resource allocation.
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Abstract

Background: The number of solid organ transplants in Canada has increased 33% over the past decade. Hospital readmissions
are common within thefirst year after transplant and arelinked to increased morbidity and mortality. Nearly half of these admissions
to the hospital appear to be preventable. Mobile health (mHealth) technologies hold promise to reduce admission to the hospital
and improve patient outcomes, as they allow real-time monitoring and timely clinical intervention.

Objective: This study aims to determine whether an innovative mHealth intervention can reduce hospital readmission and
unscheduled visits to the emergency department or transplant clinic. Our second objective is to assess the use of clinical and
continuous ambulatory physiologic datato develop machine learning algorithmsto predict the risk of infection, organ rejection,
and early mortality in adult heart, kidney, and liver transplant recipients.

Methods: Remote Mabile Outpatient Monitoring in Transplant (Reboot) 2.0 is atwo-phased single-center study to be conducted
at the University Health Network in Toronto, Canada. Phase one will consist of a 1-year concealed randomized controlled tria
of 400 adult heart, kidney, and liver transplant recipients. Participants will be randomized to receive either personalized
communication using an mHealth app in addition to standard of care phone communication (intervention group) or standard of
care communication only (control group). In phase two, the prior collected data set will be used to develop machine learning
algorithms to identify early markers of rejection, infection, and graft dysfunction posttransplantation. The primary outcome will
be acomposite of any unscheduled hospital admission, visitsto the emergency department or transplant clinic, following discharge
from the index admission. Secondary outcomes will include patient-reported outcomes using validated self-administered
guestionnaires, 1-year graft surviva rate, 1-year patient survival rate, and the number of standard of care phone voice messages.

Results: At the time of this paper’s completion, no results are available.
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Conclusions: Building from previous work, this project will aim to leverage an innovative mHealth app to improve outcomes
and reduce hospital readmission in adult solid organ transplant recipients. Additionally, the development of machine learning
algorithms to better predict adverse health outcomes will allow for personalized medicine to tailor clinician-patient interactions

and mitigate the health care burden of a growing patient popul ation.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(10):€26816) doi:10.2196/26816

Clinical Trials.gov NCT04721288; https://www.clinicaltrials.gov/ct2/show/NCT04721288
PRR1-10.2196/26816

KEYWORDS

mobile health; telemonitoring, transplantation; wearable sensors; solid organ transplant

Introduction

Solid organ transplant (SOT) is the standard therapy for select
patientswith severe end organ dysfunction. During thetransition
from pre- to posttransplant, reci pients areintroduced to anumber
of new medications and medical issues. In light of this
complexity, early hospital readmission is common, ranging
from 18% to 47% [1-3]. In addition to an increased burden on
the health care system, early hospital readmission is associated
with increased patient morbidity and mortality [4]. Although
some readmissions are unpredictabl e and unavoidabl e, as many
as half of early readmissions may be preventable [4].

Mobile health (mHealth) technol ogies such as smartphones and
wearable devices hold promise to reduce hospitalization and
improve patient outcomes through real-time monitoring,
prompting timely clinician intervention that cannot be replicated
in traditional outpatient care [5]. A recent systematic review
showed mHealth apps improve patient self-management and
reduce rates of rehospitalization in adults with cardiovascular
disease [6]. Previous work from our group has shown that
mHealth technology is safe, feasible, and associated with a50%
relative risk reduction in rehospitalization in adults with heart
failure[7]. We anticipate that SOT recipientswould also benefit
from improved monitoring and removal of communication
barriers as the most common reasons for readmission (eg,
infection, rejection, elevated blood pressure, and metabolic
derangements such as renal, glucose, and electrolyte
abnormalities) and mortality may be mitigated by clinical
intervention [1,2,5,8]. Additionally, medication adherence is
critical in transplant patients to prevent graft rejection [9,10].
Enhanced and clear communicationislikely tolead toimproved
patient outcomes.

Over the past decade, the number of SOTs in Canada has
increased by 33% [11]. Astransplant program volumes continue
to grow, the need to reduce hospital readmissionsiscritical both
for patients and to avoid straining the health care system.
Building upon prior research in which the safety and feasibility
of mHealth technologiesin adult patientswith heart transplants
was demonstrated [12], larger scale clinical data is needed to
determine whether this technology reduces hospital
readmissions.

In the transplant population, it islikely that remote monitoring
will improve medication adherence/adjustments and will allow
for identification of early decompensation and reduce
preventable hospital readmissions. Thus, this study will

https://www.researchprotocols.org/2021/10/e26816

determine if an innovative mHealth intervention designed to
improve patient-clinician communication reduces unnecessary
hospital readmission and visits to the emergency department
(ED) and transplant clinic when used in addition to the standard
of care telephone communication system. We will also
incorporate clinical and continuous ambulatory physiologic data
collected as part of the mHesalth intervention to develop machine
learning (ML) algorithms capable of identifying early indicators
of adverse outcomes in adult patients with heart, kidney, and
liver transplants.

Therefore, we hypothesize that the delivery of personalized
communication using an mHealth app will improve patient
self-management, resulting in a reasonable reduction in
preventable hospital readmission and unscheduled visits to the
ED and transplant clinic of 50%. With tailored communication
through the mHealth app, we expect fewer standard of care
phone messages for patients in the intervention group, and
patients with higher activity levels (average daily step count)
pretransplantation will have lower index hospitalization length
of stay. Finally, the large data set collected from this study will
allow novel ML-derived risk prediction models to more
accurately predict adverse outcomes (eg, organ rejection,
infection, and death) compared to conventional regression
models.

Methods

Overview

Remote Mobile Outpatient Monitoring in Transplant (Reboot)
20 is a registered (ClinicalTrials.gov NCT04721288)
two-phased single-center study. It has also been approved by
the University Health Network (UHN) Research Ethics Board
(REB 20-6082.0.1). The first phase will consist of a 1-year
conceal ed randomized controlled trial of 400 adult SOT (heart,
kidney, or liver) recipients. Currently, the Ajmera Transplant
Centre at the UHN (a large academic teaching site in Toronto,
Canada) uses paper medical administration records to alter
immunosuppressive medications, and patients generally record
their vitals by pen and paper, both of which may be error prone.
Additionally, health care providersand patientswith transplants
rely on a telephone-based (“Easy Cal”) method of
communication, wherein patients leave a message for their
health provider when issues arise. Theintegration of medication
and vitalstracking, as well as patient-provider communication
into a single mHealth app may decrease errors and improve
patient outcomes. To test this, participants will be randomized
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to receive either personalized communication using an mHealth
app in addition to the Easy Call system (intervention group) or
Easy Call standard of care (control group; see Figure 1). Inthe
second phase of Reboot 2.0, the data set from the 400 patients

Figure 1. Proposed study flowchart. UHN: University Health Network.
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with SOTs collected as part of phase one will be evaluated in
an attempt to identify early markers of rejection, infection, and
graft dysfunction posttransplant.
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Participants

The UHN in Toronto, Canada conducted over 700 transplants
in 2019, including approximately 225 liver transplants, 225
kidney transplants, and 40 heart transplants. Based on this
distribution, we expect to recruit 150 to 200 liver transplant,
150 to 200 kidney transplant, and 40 to 50 heart transplant
recipients from the SOT waiting list at the UHN. Inclusion
criteriainclude heart, kidney, or liver transplant recipients; age
>21 years, the ability to use a smartphone (Apple i0S); and
English speaking. Exclusion criteriainclude patients with poor
health literacy (defined as a reading level less than grade 5),
transfer to anon-UHN hospital for follow-up and management,
and an inability to follow instructions from the mHealth app.

Screening and Recr uitment

Patients on the UHN transplant waiting list will be screened by
study personnel for participation in this study. Consent and
enrollment will be completed while participants are still on the
transplant waiting list. Prior to discharge from the index
hospitalization, patients will be randomized to either the
intervention or control group. All patientswill be givenan Apple
Watch at the time of discharge from their index hospitalization
to record continuous ambulatory physiologic data. The use of
smartwatch technology will allow autonomous step count
tracking and rapid clinician intervention in response to patient
inactivity, heart rate monitoring, heart rate variability,
intermittent electrocardiography, and the devel opment of robust
ambulatory physiologic data that can power predictive ML
algorithms for adverse patient outcomes.
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Randomization

Concealment of allocation will be ensured by the use of a
centralized 24-hour internet-based computerized randomization
system. Participant will be the unit of randomization, and to
protect against imbalance in known prognostic factors between
groups, stratified randomization will be used. Stratification will
be based on age (ie, 18-31 years, 31-50 years, or >50 years of
age), organ transplanted (ie, heart, kidney, or liver), listing status
(ie, urgent transplant or nonurgent transplant), and history of
organ replacement therapy (ie, left ventricular assist device or
dialysis). Block randomization, using four blocks, will ensure
balance between participants randomized to the intervention
and control groups.

Intervention

Both groups will have access to the Reboot 2.0 mHealth app
and receive generic notifications (eg, for achieving adaily step
goal) aswell asthe optionto log vital signs(eg, blood pressure,
heart rate, weight, and temperature); however, only participants
in the intervention group will receive tailored communication.
This aspect of the intervention is designed to improve patient
care by providing organ-specific educational materia, a
medication list, and weekly updates on fitness status (eg, heart
rate and step count) with the overall goal of improving patient
self-care and management. Thiswill also be supported through
the delivery of personalized notifications (eg, app useincentives,
appointment reminders, medication changes, and clinical care
updates) through the app. The use of reminder notificationsand
the smartphone calendar will help avoid missed tests and
appointments in the intervention group. More importantly, the
intervention group will have access to active communication
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with the transplant care team, including the ability to send
asynchronous messages for nonurgent issues. Asynchronous
messaging will be available as anintegrated function within the
mHealth app, accessible by the patient on their smartphone
device and by the care team through the app’'s provider
dashboard. The care team will respond to messages within 48
hours (the same time frame as the standard of care system) and
copy message conversationsfrom the provider dashboard to the
electronic medical record, avoiding the need for verbal message
transcription. This will reduce the need for patients and
cliniciansto leave messages on the standard of care system and
therefore improve patient-provider communication. We expect
that improving patient education and self-management, and
alleviating communication barriers will facilitate earlier
recognition of decompensation and avoid preventable
hospitalizations and ED visits.

Standard of Care (Easy Call System)

Easy Call is the standard of care in the Ajmera Transplant
Program within the UHN. This system allows transplant health
care providers to leave messages for the patients regarding
changesin their medication and appointment reminders. Patients,
inturn, can also leave messagesfor health care providers should
they require further clarification on their care. The Easy Call
system will be available to both arms of this study.

Outcomes

The primary outcome for this study will be any unscheduled
hospital admission or ED and unscheduled transplant clinic visit
post discharge from the index admission during which the
patients received their organ transplant. Readmissions and
unscheduled ED/transplant clinic visits will be captured at 30
days, 3 months, and 1 year after organ transplant. A Central
Adjudication Committee (CAC) composed of two transplant
physicians from each organ group (ie, heart, kidney, and liver)
will review each reported readmission to determine if they are
study events and the most responsible diagnosisfor readmission.
Secondary outcomes will be assessed to capture participant
illness experience and further quantify between-group
differences in recovery from index transplantation. These will
include patient-reported outcomes using validated
sel f-admini stered questionnaires (see next section), 1-year graft
survival rate, 1-year patient survival rate, number of Easy Call
interactions, and index length of stay compared to pretransplant
activity level (ie, step count). The CAC will aso review all
reported secondary outcomes and cases of graft 10ss or patient
death to adjudicate the cause. Any disagreements within the
CAC will be resolved by consensus.

Patient-Reported Outcomes

A hedth outcomes questionnaire (EQ-5D) and the
Pati ent-Reported Outcomes Measurement Information System
(PROMIS) Globa Health Scale will be used to assess
patient-reported outcomes. The EQ-5D is a comprehensive,
compact health status classification and health state preference
system. Thisquestionnaireiswidely used and has demonstrated
validity and sensitivity in many populations [13-15]. PROMIS
isaset of person-centered measuresthat eval uates and monitors
physical, mental, and social health in adultsand children. It can
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be used with the general population and individuals living with
chronic conditions [16,17]. Both the EQ-5D and PROMIS
questionnaires will be completed by participants at minimum
30 days, 3 months, and 1 year after SOT.

Study Follow-up

All participantswill befollowed at set intervals (approximately
30 days, 3 months, and 1 year from transplant), with participant
health status and outcomes recorded at each point. A 1-year
follow-up period was chosen asthe study period as most patient
challenges occur in the first year following transplant [8]. This
timeframeisthe period of maximal benefit to patients and care
providers when we anticipate the majority of unplanned but
potentially avoidable readmission occurring.

ML Approach

Clinical and physiologic data captured in phase one will be
continuously streamed from the Reboot 2.0 mHealth app on
each participant’s smartphone to Pattern Health's centralized
secure server hosted by Amazon Web Services in the United
States. This centralized data lake will be used to develop ML
algorithms in the second phase of the study to better interpret
raw patient data. Phase one datawill consist of routine clinical
data taken at baseline and regular follow-up appointments
including demographics, comorbidities (eg, chronic kidney
disease, diabetes, hypertension, obesity, and longitudinal
changes in weight over time), metabolic scale body
measurements, and laboratory and imaging investigations,
ambulatory physiologic data collected viathe Apple Watch (eg,
vital signs and activity level); and laboratory and test results
entered into the mHealth app (eg, blood glucose measurement
or insulin administration). Additionally, details regarding the
immunosuppression regimen used and longitudinal changes
made will be incorporated. Some episodes of rejection,
particularly in patients with liver transplants, may be managed
as an outpatient, resulting in modifications to the
immunosuppression regimen over time. Medications used for
treatment of comorbidities (eg, diabetes, hypertension, or vira
hepatitis) will also be taken into consideration (see Multimedia
Appendix 1). These data will be automatically streamed into
the centralized data lake (in the case of Apple Watch and
patient-reported data) or extracted from the participant’s medical
record.

Categorical measurements (eg, gender) will be one-hot encoded
[18] prior to normalization and temporal adjustment.
Specifically, al participant demographic variables will be
independently normalized to have mean zero and SD of one.
Each feature with missing values will have a corresponding
binary variable added denoting if the variable was observed or
not. EQ-5D datawill be coded into the five dimensions of health
as five distinct features for analysis and following established
guidelinesfor normalization [19]. The PROMIS Global Health
scalewill be coded using asimilar approach. All other variables
will be independently normalized to have a mean of 0 and an
SD of 1. Measurement of mean, SD, maximum, and minimums
will be recorded over fixed intervals, and the number of most
recent intervals precluding an event will be included in the
model (eg, the average heart rate per 3-day window taken over
12 daysyields 4 distinct measurements). Missing measurements
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will be counted per interval as an additional feature. For each
patient window, this will create a fixed length feature variable
that can bedirectly included and compared acrossthe statistical
and ML models. The interval width and number of intervals
will be determined experimentally within the training data set.
Following data processing, self-normalizing neural network
[20], long short-term memory [21], random forest model [22],
and extreme gradient boosted decision tree [ 23] approaches will
be applied on atraining portion of the data set to assess risk
factors for the development of transplant outcomes. Early ML
models will support the development of a ranked features list
of clinically relevant variables, which will be used to inform
subsequent model development.

The accuracy of each model (discrimination and calibration)
and their relative performance (net-reclassification index) will
be assessed in a portion of the data set reserved for testing. The
development of predictive ML algorithms for adverse patient
outcomes will allow for future personalized posttransplant
medicineand early clinica intervention based on patient-specific
data.

Statistics

Currently at the UHN, approximately 20% of patients are
readmitted to the hospital within 30 days post SOT. In general,
these patients are readmitted following presentation to either
the ambulatory transplant clinic or ED. Although we do not
have data on the number of patients that present to the
ambulatory transplant clinic within 30 days post SOT, previous
work has shown ED visits at 30 days to vary greatly between
SOT groups (eg, as low as 17% for patients with kidney
transplants, and as high as 44% for patients with liver
transplants) [24,25]. Given this variability, we hypothesized a
conservative estimate of 20% for our 30-day composite end
point. To observe a 50% relative risk reduction, from 20% to
10%, for the 30-day composite end point, at an alphaof .05 and
power of 0.8, 199 participantswill need to berecruited for each
group.

We will evaluate all outcomes using the intention-to-treat
analytical approach. A Cox proportional hazard model will be
used to evaluate the effect of the mHealth app on posttransplant
unplanned readmission and ED and unscheduled transplant
clinicvisit rates (primary outcome). Results of thisanalysiswill
be reported as hazard ratios with 95% Cls. Kaplan-Meier curves
will be used to depict freedom from unplanned readmission.
Subsequent to running the Cox proportional hazard model, a
logistic regression model will be used to analyze unplanned
readmission rates at the prespecified time points of 30 days, 3
months, and 1 year. Results of the logistic regression model
will be reported using odds ratios and 95% Cls.
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Generalized linear models to estimate the mean difference in
the intervention compared to the control group will be used to
estimate theimpact of personalized communication through the
mHealth app on posttransplant patient-reported outcomes
(secondary outcomes).

To avoid spuriously inflated estimates of treatment effect, an
interim analysis will be conducted when 50% of participants
are enrolled and have completed follow-up. The results of this
analysis will be reviewed by an independent data monitoring
committee. The O'Brien-Fleming stopping rule will be used
based on our primary outcome and requiresaP<.007 [26]. This
conservative rule will avoid premature trial termination unless
alarge treatment effect is observed.

Results

Participant enrollment is expected to begin mid-2021. Data
collection is anticipated to be completed by late 2023. At the
time of this paper’s completion, no results are available.

Discussion

Reboot 2.0 will build on previous pilot work that demonstrated
the safety and feasibility of an mHealth intervention in adult
patients with heart transplants [12]. It will be the first study to
examinethe clinical impact of thismHealth app on alarge group
(n=400) of diverse (heart, kidney, and liver) SOT recipients. In
particular, the clinical trial phase of this research project will
determine if leveraging an innovative and patient-centric
mHealth app and smartwatch technology reduces hospital
readmission and improves patient-reported outcomes as well
aspatient and graft survival in thispopulation. If so, the mHealth
app may be mobilized on alarger scale to reduce the burden on
the health care system of a growing patient population. The
results of this phase may be limited by its single-center design;
however, the Ajmera Transplant Centre at the UHN isthelargest
in North America and therefore will alow for a diverse and
representative participant popul ation.

Phasetwo of Reboot 2.0is particularly novel inthat it will result
in the development of a data registry from 1 year of clinical
data, patient-reported data collected through the mHealth app,
and ambulatory physiologic monitoring using the Apple Watch
from 400 patients with SOTs. This will allow us to develop
predictive ML agorithms to better predict adverse health
outcomes in these patients, and the subsequent application of
these algorithms will allow for more personalized transplant
medicine and tailored clinician-patient interactions.
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Multimedia Appendix 1
Summary of study measurements to be used in machine learning model development.
[DOCX File, 12 KB - resprot_v10i10e26816_appl.docx |
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Abstract

Background: The integration of behavioral economics (BE) principles and electronic health records (EHRS) using clinical
decision support (CDS) tools is a novel approach to improving health outcomes. Meanwhile, the American Geriatrics Society
has created the Choosing Wisely (CW) initiative to promote less aggressive glycemic targets and reduction in pharmacologic
therapy in older adults with type 2 diabetes mellitus. To date, few studies have shown the effectiveness of combined BE and EHR
approaches for managing chronic conditions, and none have addressed guideline-driven deprescribing specifically in type 2
diabetes. We previously conducted a pilot study aimed at promoting appropriate CW guideline adherence using BE nudges and
EHRs embedded within CDStools at 5 clinics within the New York University Langone Health (NY ULH) system. The BE-EHR
moduleintervention wastested for usability, adoption, and early effectiveness. Preliminary results suggested amodest improvement
of 5.1% in CW compliance.

Objective: This paper presents the protocol for a study that will investigate the effectiveness of a BE-EHR module intervention
that leverages BE nudges with EHR technology and CDS tools to reduce overtreatment of type 2 diabetes in adults aged 76 years
and older, per the CW guideline.

Methods: A pragmatic, investigator-blind, cluster randomized controlled trial was designed to evaluate the BE-EHR module.
A total of 66 NYULH clinics will be randomized 1:1 to receive for 18 months either (1) a 6-component BE-EHR module
intervention + standard carewithin the NY ULH EHR, or (2) standard care only. Theintervention will be administered to clinicians
during any patient encounter (eg, in person, telemedicine, medication refill, etc). The primary outcome will be patient-level CW
compliance. Secondary outcomes will measure the frequency of intervention component firings within the NYULH EHR, and
provider utilization and interaction with the BE-EHR module components.

Results: Study recruitment commenced on December 7, 2020, with the activation of all 6 BE-EHR componentsin the NYULH
EHR.

Conclusions: This study will test the effectiveness of a previously developed, iteratively refined, user-tested, and pilot-tested
BE-EHR module aimed at providing appropriate diabetes care to elderly adults, compared to usual care viaa cluster randomized
controlled trial. This innovative research will be the first pragmatic randomized controlled trial to use BE principles embedded
within the EHR and delivered using CDS tools to specifically promote CW guideline adherence in type 2 diabetes. The study
will also collect valuable information on clinician workflow and interaction with the BE-EHR module, guiding future research
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in optimizing the timely delivery of BE nudges within CDS tools. This work will address the effectiveness of BE-inspired

interventions in diabetes and chronic disease management.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(10):€28723) doi:10.2196/28723

Clinical Trials.gov NCT04181307; https://clinicaltrials.gov/ct2/show/NCT04181307
DERR1-10.2196/28723
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Introduction

Background

Behavioral economics (BE) is a field that combines the
disciplines of psychology and economicsto provideinsight into
how humans often fail to behave as perfectly rationa agents
[1-10]. The chalengesfor individuals of carefully weighing the
costs and benefits in decision-making and arriving at optimal
choices can be described viaavariety of BE principles. A nudge
isaBE-based tool that seeksto provide positive reinforcement
and influence the behavior and decision-making of individuals
or groups. Nudges are implemented in a variety of contexts,
and their recent application in medicine to improve health
outcomes has grown in popularity [11-17].

The specific system used to deliver nudges, as well as the
environment in which they are deployed, will ultimately
influence their success in improving health outcomes. One
potential mode for nudge delivery isviaelectronic health record
(EHR) technology. Cliniciansinteract daily with EHRs, which
guide nearly all aspects of clinicad care, including
documentation, ordering, data review, and communication.
Furthermore, providers may interact with clinical decision
support (CDS) tools when accessing patient EHRS; these tools
provide alerts and suggestions and redirect clinical behavior.
EHRs and CDS tools therefore serve as an ideal platform for
delivering nudges designed to influence clinician behavior,
leading to improved patient care [18-22].

Whilethe delivery of nudgesthrough EHR and CDStools shows
great promise, the specific disease subtypes and environments
in which nudges are most effective at influencing clinician
behavior and subsequent patient health outcomes have yet to
be determined. Nudges embedded within the EHR have been
shown to improve processes of care, including reducing therate
of inappropriate antibiotic prescriptions for acute respiratory
infections [13], increasing influenza vaccination rates [23],
encouraging completion of high-value cancer screening tests
[24], and increasing guideline-concordant statin prescribing
[25]. There is, however, limited evidence supporting the
effectiveness of nudges to positively influence chronic disease
management, especially among ol der adultswith type 2 diabetes
mellitus.

Choosing Wisely (CW) is an American Board of Internal
Medicine initiative to identify unnecessary tests, treatments,
and procedures[26]. The American Geriatrics Society released
10 guidelines in 2013 (revised in 2015), the third of which
promotes less aggressive glycemic targets and reduction in
pharmacologic therapy for older adults with type 2 diabetes

https://www.researchprotocols.org/2021/10/e28723

[27-29]. Providersmay be unaware of these guidelines, resulting
in excessive glycemic indicesin older adults [30].

Herein, we describe the design of a pragmatic, cluster
randomized controlled trial to test the effectiveness of atoolbox
of nudges embedded within the EHR and utilizing CDS tools
to promote appropriate diabetes management in older adults
(Clinical Trials.gov identifier: NCT04181307). Specifically, the
behavioral economics—electronic health record (BE-EHR)
intervention aims to reduce the overtrestment of older adults
with diabetes per the CW guideline. The proposed study seeks
to test the effectiveness of the newly developed, user-tested,
refined, and previously pilot-tested BE-EHR intervention at
promoting appropriate diabetes management in older adults.

Prior Work

We conducted a pilot study of the BE-EHR module intervention
(Clinical Trials.gov identifier; NCT03409523) in 5 clinics across
the New York University Langone Health (NYULH) system
[31]. The BE-EHR module consists of 6 nudge components, 2
of which werelaunchedin 2 NYULH sitesfrom June 12, 2018,
until October 23, 2018, 4 (including the first 2 nudges) were
launched in 5 American Geriatrics Society sites on October 24,
2018, and the 2 nudges each deployed on December 10, 2018,
and April 8, 2019, respectively. All nudges were active in the
NY ULH EHR system, Epic (Epic Systems Corporation), through
October 22, 2019. Despite the 6 BE-EHR components being
introduced at varying time points across an approximately
10-month interval, we observed a 5.1% increase in CW
compliance rates between the 16-week interval just prior to the
launch of the first 2 nudges and the final 16 weeks of the pilot
study [31].

Interpretation of the pilot study results, however, was limited.
First, theintervention waslaunched in only 5 practicesthat were
not selected at random. Second, due to the deployment of the
nudges over an approximately 10-month period, al 6 BE-EHR
components were active simultaneously for approximately 6
months, making the long-term effects of the entire intervention
toolbox difficult to observe. Finally, only ~71% of the patient
population had a return visit or new HbA . (hemoglobin A,.)
lab test at least 90 days after an initial test, suggesting that
changes in CW compliance were not measurable in amost
one-third of the study participants.

Thus, while the pilot study was successful in the development,
user testing, and implementation of the BE-EHR modulewithin
the NYULH EHR system, a full-scale, sufficiently powered
randomized controlled trial of longer duration is necessary to
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estimate the effectiveness of the intervention at reducing the
overtreatment of older adults with type 2 diabetes.

Methods

Setting

The cluster randomized controlled trial will be conducted in
NYULH primary care and endocrinology clinics, which span
the greater New York City area and include 2 sitesin Florida
TheNY ULH system providesan ideal setting for this pragmatic
study design due to its diverse patient sociodemographics and
large population of older patients. Patient inclusion and
administration of theintervention will occur usingthe NYULH
EHR system, Epic. The study was approved by the I nstitutional
Review Board at NYULH.

Eligibility Criteria

Study inclusion criteria require patients to be aged >76 years
with type 2 diabetes as defined on the patient’s “ problem list”
or “encounter diagnosis’ within the EHR. Exclusion criteria
include not taking medication to treat diabetes, an allergy tothe
medication metformin, and an estimated glomerular filtration
rate of <30.

Randomization

The study will randomize 66 eligible clinicsto 1 of 2 groups:
(1) BE-EHR module + standard care or (2) standard care only.
Clinics eligible for randomization must be active Epic users
and have had at least 1 patient encounter in the year prior for
which the above patient eligibility criteriawere met.

We conducted stratified randomization to ensure balance with
respect to practice size and location. Practice size was measured
by counting the number of eligible patients with an encounter
at each NYULH site in 2019. The median number of eligible
patients seen at each of the randomization-eligible practicesin
2019 was 57 patients per site. Randomization was therefore
stratified by clinics with fewer than or equal to 57 eligible
patients in 2019 or greater than 57 eligible patients in 2019.

https://www.researchprotocols.org/2021/10/e28723
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Sites were also dtratified by location into 1 of 2 groups: (1)
practiceslocated within Manhattan or Brooklyn or (2) practices
outside of these 2 New York City boroughs. Randomization
assignments according to this plan were generated by an
unblinded study statistician using the software R v3.6.3 (The
R Foundation for Statistical Computing) [32].

Study Design and Enrollment

The study design is a pragmatic, investigator-blind, cluster
randomized controlled trial. A total of 66 NYULH clinicswere
randomized 1:1 to receive either a 6-component BE-EHR
module + standard care intervention or standard care only
(control) for aduration of 18 months. The study design isunique
in that clinicians rather than patients within each practice will
receive the intervention through their interaction with the
NY ULH Epic system during any eligible patient encounter (eg,
in person, telemedicine, lab order, prescription refill, etc).
Individual patients were not recruited; rather, we obtained a
waiver of consent from the NY ULH Ingtitutional Review Board,
and patients of physicians at participating clinics who met
eigibility criteria were included. Therefore, patients at all
eligible primary care, family care, and endocrinology clinics
within the NYULH system were automatically recruited and
enrolled in the study (Figure 1).

Prior to randomization, eligible practices were identified, and
site directors were informed of the study and offered the
opportunity to ask questions and to opt out of participation. The
study design is investigator-blind in that the principal
investigators will be blinded to the assignment of clinics to
either the intervention or control arm, and all interim analyses
will be presented to the blinded study team labeled only as“arm
1" and “arm 2" Only the study statistician and the Medical
Center Information Technology Epic data management team
will be unblinded, as will the clinicians receiving
intervention-based alerts while interacting with Epic during an
eligible patient encounter. The Data and Safety Monitoring
Board will also receive information specific to the intervention
and control arms.
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Figure 1. Flow chart of the study design. A total of 66 clinics across New York University Langone Health were randomized 1:1 to the behaviora
economics—electronic health record (BE-EHR) module + standard care (intervention) or standard care only (control) after meeting eligibility criteria
and informed consent requirements. * The number of providers and patients per arm is an initia estimate as of October 12, 2020, based on €ligible
patient-provider encounters from the prior 18 months. Due to the dynamic nature of the study being embedded within the EHR, we expect providers
and patients to enter and leave the study over the 18-month duration window. CW: Choosing Wisely.
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Intervention

Overview

The BE-EHR module intervention contains 6 components or
“nudges,” each leveraging principles grounded in BE theory.
Each component was developed to interface with NYULH’s
EHR system. Providers at the 33 clinics randomized to the
intervention arm will receive elements of the BE-EHR module
either when activated during an eligible patient encounter or
according to amonthly dissemination schedule.

To appropriately tailor the intervention to the patient population
and reflect the CW guideline, we developed an algorithm to
categorize patients into 1 of 3 life expectancy categories: low,
medium, and high. The agorithm incorporated a patient’s
current age and gender, and used a weighted scoring approach
for the number of chronic conditions [33,34], along with
previously developed life expectancy tables from Medicare
beneficiary data[35]. Thefull description of thisalgorithm can
be found in the supplementary information provided by Belli
et al [31]. Thislife expectancy agorithm was programmed into
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the NYULH EHR system to drive content firing based on a
patient’s life expectancy categorization.

Design and User Testing

We employed a pragmatic, user-centered approach to develop
the 6 components of the BE-EHR module for implementation
into the NYULH EHR [36,37]. Full details of the design and
user testing of the intervention during the pilot study phase can
befoundin Belli et al [31]; briefly, this entailed semistructured
interviews with key informants; two 2-hour design thinking
workshops; and site visits to 2 of the 5 clinics, including
in-person observation of clinician use and interaction with the
modulein alive clinical setting.

BE-EHR Module Components

A detailed description of each BE-EHR module component,
including the BE principles utilized and which key aspects of
the user testing and feedback aided in the design, is provided
below. Corresponding visualizations of each nudgein Epic can
be found in the supplementary materials of Belli et al [31].
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Nudge 1: Tailored Advisory

The “tailored advisory” BE-EHR module component activates
noninterruptively in Epic during a clinician-patient encounter
for any CW-noncompliant patient. It consists of an alert window
that describes appropriate treatment guidelines for older adults
given theindividual’slife expectancy categorization. Although
aresponseisnot required, clinicians may interact with the alert
by clicking the “Agree with recommendation. Action taken”
button, or by selecting the “Clinically inappropriate. Please
explain” option, with space for free-text comments. Clinicians
may also choose to suppress future activations of the tailored
advisory nudge for a particular patient for half a year (182.5
days) with either of these acknowledgments. The optional nature
of the adert, aswell asthe ability to suppress future activations,
resulted directly from the user-design process. The tailed
advisory nudge utilizes BE principles, including framing [5,38],
socia norming [39], suggesting alternatives [5], affirmation
[40,41], emotional appeal [42], and accountable justification
[43-45].

Nudge 2: Refill Protocol

The*“refill protocol” isan alert window that appearsin therefills
section of Epic whenever a refill for diabetes medication is
generated for study-eligible older adults. The alert suggeststhat
providers order metformin as an alternative for patients who
are not already taking the medication, or to consider refilling
at alower dose or not at all for patients who are aready taking
metformin. The provider may leave comments, but this is not
required. During the user-testing phase, clinicians preferred the
ability to leave comments as an optional action. The refill
protocol nudge utilizes BE principles, including framing [5,38],
social norming [39], suggesting alternatives [5], affirmation
[40,41], emotional appeal [42], and accountable justification
[43-45].

Nudge 3: PreferenceList

The “preference list” is implemented at the system level by
providing an automatic default list, with metformin displayed
at the top of the list of medications for “First-line Type 2
Diabetes” Orders for nonmetformin medications are not
restricted, which was in line with clinician preferences during
user testing. This nudge uses the BE defaults principle
[14,46-48].

Nudge 4: Lab Result

The “lab result” nudge is an alert window that appears in the
lab results section describing appropriate treatment guidelines
for older adults whenever thereis anew HbA ;. lab result for a
CW-noncompliant patient. Features of the design, including the
red text for those patients out of range and tabular formatting,
resulted from the user-testing feedback. The alert remains active
for 7 days following the result in Epic. BE principles utilized
include framing [5,38], social norming [39], suggesting
alternatives [5], and emotional appeal [42].

Nudge 5: Peer Comparison

The “peer comparison” nudge is the first of 2 nudges sent
outside of the Epic system. Once per month, the peer comparison
nudgeis sent viaa secured Microsoft Outlook account with the
email subject line: “Message from the desk of Dr. [Insert
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Practice Director Name].” The email content includes 3 graphics
displaying (1) CW compliance for the individual provider, (2)
CW compliance for the clinician’s practice site, and (3) CW
compliance across all NYULH practices. The provider then
receives either a “negative” or “positive” version of the
accompanying text, depending on whether the clinician’s CW
compliance rate is above or below the rate of their respective
practice. The graphic design of this nudge and positive versus
negative text versions were iteratively refined after feedback
from both clinicians and health services researchers. The peer
comparison nudge utilizes BE principles, including social
norming [39] and peer comparisons [49].

Nudge 6: Campaign

The“campaign” isthe second nudge to aert clinicians outside
of the Epic system; it serves the goal of bringing awareness to
the CW guideline. The campaign was devel oped through a series
of design workshops that included clinicians, researchers, and
health services experts; game show-themed prototypes emerged
and were ultimately user tested. The final campaign toolkit
included 3 game show—themed animationsinspired by The Price
is Right, Jeopardy, and Who Wants to Be a Millionaire, as well
asaflashcard deck that quizzes physicianson CW best practices.
There are multiple versions among each of the 4 campaign
themes that vary according to the 3 life expectancy categories
and information provided. Cliniciansreceiveat random aversion
of a campaign theme every month. The campaign utilizes BE
principles, including gamification and competition [49].

Data Collection and Study Outcomes

The primary study outcome will be patient-level CW
compliance. To measure CW compliance, patients will first be
categorized into 1 of 3 life expectancy groups:

1. High life expectancy: healthy older adults with a limited
number of comorbiditiesand alife expectancy of >10 years,
HDbA . target range of 7%-7.5%

2. Medium life expectancy: older adults with a moderate
number of comorbidities and alife expectancy of 3+ to 10
years; HbA . target range of 7.5%-8%

3. Low life expectancy: older adults with multiple
comorbidities and a life expectancy of <3 years; HbA,,
target range of 8%-9%.

Per the CW guideline, patients within each of these life

expectancy categorizations will then be categorized as either

CW compliant or noncompliant depending on their measured

HDbA . relative to the target range within their respective life

expectancy category.

The following set of equations measure CW compliance and
noncompliance for each life expectancy category:

1. High life expectancy:
+  CW compliance=ratio of eligible patientswith HbA ;

range: [E]
- CW noncompliance = ratio of eligible patients with

HbA ;. range: |E

2. Medium life expectancy:
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»  CW compliance=ratio of eligible patientswith HbA ;;

range: [l
»  CW noncompliance = ratio of eligible patients with

HDbA ;. range: [E]

3. Low life expectancy:
«  CW compliance=ratio of eligible patientswith HbA ;.

range: [E]
+ CW noncompliance = ratio of eigible patients with

HDbA ;. range: [E]

Secondary study outcomes will include the frequency of
activation rates of the individual BE-EHR module components
longitudinally; provider interaction with each intervention
component, measured by frequency of clicks and workflow
sequences within the NYULH EHR system; and email read
receipts from the peer comparison and campaign nudges.

Statistical Analysis

Power

We used data collected during the pilot phase to inform the
power calculation for thefull-scal e randomized controlled trial.
In that study, a moderate increase of 5.1% in CW compliance
was detected [31]. We used data from the pilot phase to
adequately power the randomized controlled trial to detect a
similar reduction of approximately 5 percentage points in the
rate of CW noncompliance. These data from the pilot phase
suggested an intraclass correl ation coefficient (ameasure of the
degree of additional correlation among providers within the
same practice) of 0.01. With an average of 10 providers per
practice site, this yields a design effect of 1.09. Using the
available pilot data, and assuming atypel error rate of 0.05 for
a 2-sided test, 66 eligible NYULH practices (33 per arm) will
provide 93% power to detect an effect size of 0.1. This power
calculation supports the evaluation of the effectiveness of the
6-component BE-EHR module intervention as a combined
toolkit; to discern the effectiveness of individual nudges, a
prohibitively largetrial would berequired. In addition, providers
will often receive multiple nudges at various time pointsand in
differing order, making the evaluation of the effectiveness of
individual BE-EHR module components challenging.

Analytic Plan

We will begin all analyses with descriptive summary statistics
and graphical displays of all variables. All analyses will be
performed using the software R v3.6.3[32].

Table 1. Clinicsrandomized by location and number of eligible patients.

Belli et &

The primary study outcome will be patient-level CW
compliance, which will be modeled using a 3-level logistic
mixed-effects model. A binary indicator of patient-level CW
compliance will serve as the dependent variable. Treatment
group, time, and the interaction of the 2 variables will serve as
the primary fixed effects, where time will be measured using
indicator variables for each 4-week interval. The model will
also include a patient-level random effect, provider-level random
effect, and practice-level random effect to account for patients
seen by providers nested within clinics. Although randomization
should obviate the need for adjustment, we will explore whether
it is necessary to adjust for covariates, including gender, age,
life expectancy category, and total number of patient visits, the
latter of which may capture a potential dose-response effect of
exposure to the intervention.

Secondary outcomes, including activation of each module
component and provider interaction with the BE-EHR module
within Epic, will be reported as frequency counts overall and
stratified by gender, age, life expectancy, and use of metformin
versus honmetformin medications. We will also analyze any
free-text comments provided within the accountabl e justification
components of the tailored advisory and refill protocol nudges
to look for patterns and any association with CW compliance.

We will furthermore look at CW compliance rates among
patients whose providers only received a single nudge or
particular combination of nudges. Although statistical power
will likely be limited for these comparisons, this exploratory
analysis will provide clues as to which individua BE-EHR
components may be more or less effective at improving patient
CW compliance and guide future research in this area.

Finally, safety information will be collected, including the
frequency of in-patient hospitalizations, emergency department
visits, and deaths across the control and intervention arms.

Results

We randomized atotal of 66 practices, with 33 clinicsin each
arm. The breakdown of practices by stratais shownin Table 1.

All 6 BE-EHR modul eintervention components were activated
inthe NYULH EHR on December 7, 2020. The study will run
for a duration of 18 months with a possibility for extension if
patient clinic visit activity is affected by the COVID-19
pandemic. All final resultswill be disseminated viapublications,
conference proceedings, and presentations.

Location and sample size

Control (n=33), n (%) Intervention (n=33), n (%)

Manhattan/Brooklyn, <57 patients
Manhattan/Brooklyn, >57 patients
Outside Manhattan/Brooklyn, <57 patients
Outside Manhattan/Brooklyn, >57 patients

10 (30) 7(21)
7(21) 6 (18)
6 (18) 9(27)
10 (30) 11(33)
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Discussion

This study is a novel, pragmatic randomized controlled trial
that incorporates BE nudges into the EHR and CDS tools to
promote CW guideline adherencein achronic condition, namely
type 2 diabetes. The BE-EHR module was designed after an
extensive literature review of studies that have utilized BE
nudges to improve clinical outcomes. Design of the BE-EHR
module also incorporated behavioral change theory models, as
well as a variety of BE principles. The extensive user testing
process that the interdisciplinary study team undertook led to
the development of an intervention that aimsto reduce cognitive
load on physicians through seamless integration into the
NY ULH EHR system, whileallowing physiciansthe opportunity
to interact with various BE-EHR module components only if
they choose. Examples include leaving comments, following
links to additional material regarding the CW guideline, or
receiving alist of CW-noncompliant patients with whom they
have interacted during a clinical encounter in the past month.

Furthermore, this study is innovative in that it tests the use of
BE nudges in promoting clinical deprescribing. The research
is also unique in that the intervention targets clinicians rather
than the patients themsel ves. Furthermore, studying apopulation
of elderly patients who have been living with type 2 diabetes
and other chronic conditionsfor potentially long durations poses
an interesting behavioral change problem that the study team
seeks to address using BE nudges within the EHR.

Limitations of the study includetesting of the BE-EHR module
as a whole rather than evaluating individual components.
However, atoolbox of BE nudges hasyet to be proven effective
in the context of treating type 2 diabetes, making this study an
important first step in understanding the effectiveness of BE
nudges for promoting appropriate type 2 diabetes management
and the potential of BE nudges to lead to positive clinical
outcome among other chronic conditions. If effective, further
work will evaluate which elements of the toolbox are most
impactful.
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Furthermore, the study team attempted to reduce alert fatigue
via a user-centered design that incorporated feedback from
cliniciansto help minimize the burden of the alerts. Additionally,
some of the alertswere passive or noninterruptive, thusreducing
their contribution to alert fatigue [50]. However, we
acknowledge that any clinician interaction with CDS tools and
EHRs poses a threat of clinician burnout [51,52]. Hence, we
measure the primary outcome of CW compliancelongitudinally
in 4-week incrementsto ultimately estimate the duration of the
intervention’s effectiveness.

A third limitation is that the CW guideline may evolve over
time, especially with the recently demonstrated benefits of
sodium/glucose cotransporter-2 inhibitors (SGLT2i) and
glucagon-like peptide 1 (GL P-1) for diabetes and cardiovascular
diseases [53]. Fortunately, all 6 components of the BE-EHR
module are highly adaptable to changing guidelines, aswell as
to other CDS tools outside of the NYULH EHR system.

Results will estimate the effectiveness of the BE-EHR module
in improving CW compliance, as well as provide insight into
clinician interaction with the BE-EHR module. This study will
therefore not only provide answers to fundamental questions
regarding the effectiveness of BE nudges at promoting
appropriate diabetes management, but will also guide future
research aimed at optimizing the timing and location of BE
nudgeswithin the EHR and CDStools, and inform other chronic
conditions for which administering BE nudges using digital
health tools may lead to improved clinical outcomes.

Based on pilot study results [31], we hypothesize that the
BE-EHR module will increase patient-level CW compliance.
In addition to testing the effectiveness of the BE-EHR module
at promoting appropriate diabetes management in older adults,
this study will also yield results on provider interaction with
themodule. Thisvaluableinformation will provideinsightsinto
the real-time clinica workflow while BE nudges are being
activated, providing useful information about the visibility of
BE nudges to providers.
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Abstract

Background: Pancreatic cancer is associated with high mortality and its rates of detection are very low; as such, the diseaseis
typically diagnosed at an advanced stage. A number of risk factors for pancreatic cancer have been reported and may be used to
identify individuals at high risk for the development of this disease.

Objective: The aim of this prospective, observational trial is to evaluate a scoring metric for systematic early detection of
pancreatic cancer in Mie Prefecture, Japan.

Methods: Eligible patients aged 20 years and older will be referred from participating clinicsin the Tsu City areato the Faculty
of Medicine, Gastroenterology, and Hepatology at Mie University Graduate School, until September 30, 2022. Participants will
undergo a detailed examination for pancreatic cancer. Data collection will include diagnostic and follow-up imaging data and
disease staging information.

Results: The study was initiated in September 2020 and aims to recruit at least 150 patientsin a 2-year period. Recruitment of
patientsis currently still underway. Final data analysisis expected to be complete by March 2025.

Conclusions: This study will provide insights into the feasibility of using a scoring system for the early detection of pancreatic
cancer, thus potentially improving the survival outcomes of diagnosed patients.

Trial Registration: UMIN-CTR Clinical Trias Registry UMIN000041624; https.//tinyurl.com/94tbbn3s
International Registered Report Identifier (IRRID): DERR1-10.2196/26898

(JMIR Res Protoc 2021;10(10):e€26898) doi:10.2196/26898
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Introduction

Pancreatic cancer is the fourth most common cause of
cancer-related death in Japan, and the number of cases is
increasing annually [1]. Prognosis for individuals diagnosed
with pancreatic cancer is poor, with a 5-year survival rate of
7.9% reported for patients diagnosed between 2006 and 2009
[2]. Pancreatic ductal adenocarcinoma, referred to simply as
pancreatic cancer hereafter, is among the most lethal forms of
thedisease, with an overall 5-year survival rate of approximately
5% [2]. The overwhelming majority of patientswith pancreatic
cancer present with locally advanced or distant metastatic
disease (80%-85%), and only a minority of patients have
surgically resectable tumors[3-5]. Followinginitial evaluation,
only 15%-20% of patients undergo resection [6-8]. In many
cases, symptoms manifest only when the cancer reaches an
advanced stage, such that by the time it is detected, the cancer
may be unresectable. Such late detection is among the main
reasonsfor the poor prognosis of patientswith pancreatic cancer.

The Japan Pancreatic Cancer Registry has reported 5-year
survival rates of 85.8%, 68.7%, and 59.7% for patients with
Stage 0, la, and Ib disease, respectively [9]. The 5-year survival
rate of patients with pancreatic tumors <10 mm (TS1a)
approaches 80.4% and that of patients with Union for
International Cancer Control (UICC) Stage 0 is 85.8% [6-10].
Therefore, early detection, which enables multidisciplinary
treatment including surgical resection, chemotherapy, and
radiation therapy, is key to improving prognosis. However, in
Japan, the proportion of cases detected at Stage O, la, and Ib is
only 1.7%, 4.1%, and 6.3%, respectively [9], indicating that
rates of early detection remain low.

Risk factors for pancreatic cancer include family history,
diabetes mellitus, chronic pancreatitis, complication of
intraductal papillary mucinous neoplasm, smoking, and
excessive alcohol intake [11], but an efficient system to detect
patients from high-risk groups has not yet been established. A
multicenter retrospective study of early stage pancreatic cancer
in Japan indicated a role for screening in individuals without
symptoms and demonstrated the importance of imaging
modalities including computed tomography (CT), active
endoscopic ultrasound (EUS), and magnetic resonanceimaging
(MRI) for identifying abnormalities warranting further
investigation [12]. In a previous study, early detection of
pancreatic cancer on aregional basis via cooperation between
aregional core hospital and the medical association, using EUS
and MRI for diagnostic purposes, was effective for detecting
Stage O pancreatic cancer [13], and another regiona study
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reported the effectiveness of a similar system [14]. Therefore,
we aim to implement a system for the early detection of
pancreatic cancer in aregional referral settingin Mie Prefecture,

Japan.

We hypothesizethat referral of subjectsfor further examinations
based on a scoring metric that assesses the presence of known
pancreatic cancer risk factors is a feasible strategy to improve
rates of early identification of patients with pancreatic cancer
compared with current diagnostic practices.

Methods

Study Design and Population

This is a prospective, multicenter, observational cohort study
for the early detection of pancreatic cancer in Japanese patients.
The study was initiated in September 2020 and aims to recruit
at least 150 patients. The aim of the study is to assess whether
using a scoring metric to screen for known pancreatic cancer
risk factors will improve the rate of early identification in this
patient population. The flowchart of patient enrolment and
evaluation is summarized in Figure 1. The study is registered
in UMIN-CTR Clinica Trials Registry (UMINO00041624).
Patientswho seek consultation at one of five participating local
clinicsin the Tsu City area until September 30, 2022, will be
referred through the regional medical reference system to the
Faculty of Medicine, Gastroenterology, and Hepatology at Mie
University Graduate School for a detailed examination for
pancreatic cancer.

Prespecified risk factors and associated point scores will be
assessed asfollows: symptoms (abdominal pain, jaundice, back
pain, or weight 10ss): 1 point; newly diagnosed diabetes mellitus
(type 2) or worsening of diabetes: 1 point; family history of
pancreatic cancer (parent, child, or siblings, including other
types of pancreatic neoplasms): 1 point; abnormal serum
amylase level (under 44 U/mL or over 132 U/mL): 1 point;
elevated serum CA19-9 level (>37 U/mL [15]): 1 point;
pancreatic duct dilation (>3 mm) or pancreatic cyst detected by
abdominal ultrasound: 2 points [11]. Adults aged 20 years or
older scoring =2 points on thismetric for prespecified pancreatic
cancer risk factors will be eligible for inclusion (those scoring
2 or less but at high risk for pancreatic cancer will be referred
for follow-up, but not included in the study). The total number
of patients diagnosed with pancreatic cancer and the subsets of
patients with surgically resectable pancreatic cancer and Stage
0/l pancreatic cancer will be determined (Figure 1). After
registration, participants will undergo hospital visits every 6
months for a period of 2 years.
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Figure 1. Flowchart of patient enrolment and evaluation. CT: computed tomography; MRI: magnetic resonance imaging; MRCP: magnetic resonance
cholangiopancreatography; ERCP: endoscopic retrograde cholangiopancreatography; EUS: endoscopic ultrasound; EUS-FNA: endoscopic

ultrasound-guided fine needle aspiration; US: ultrasound.

Score >2 on risk scoring metric
Referral from regional clinic

v

Dynamic CT or MRI/MRCP, EUS

+ Pancreatic mass

* Main pancreatic duct irregular stenosis
+ Main pancreatic duct dilation
+ Pancreatic cyst with/without nodules

v

ERCP and/or EUS-FNA cell/tissue histology

v

Positive/false positive
Negative, suspected by imaging

v

7

Negative

# v

Treatment, eg,

Follow-up every 6 months to 1 year

Correct diagnosis rate among subjects who had 2 or more points of prespecified
pancreatic cancer risk, the rate of patients with Stage 0/l or resectable cancer

surgery, Blood test/imaging test (contrast CT, MRI, or abdominal US)
chemotherapy
Evaluation

Diagnostic Procedures

Diagnostic datawill be collected from patients referred to Mie
University Graduate School of Medicine and will include the
outcomes of routine EUS, dynamic CT, and MRI or magnetic
resonance cholangiopancreatography assessments. Confirmatory
diagnostic tests will include endoscopic retrograde
cholangiopancreatography and endoscopic ultrasound-guided
fine needle aspiration. Biopsy samples collected during
EUS-FNAB will be fixed in alcohol and stained using the
Papani colaou multichromatic procedure. Theremaining material
will befixed in 10% formalin and embedded in paraffin for cell
block analysisto obtain histological diagnosisusing hematoxylin
and eosin staining. Tumor staging will be performed according
to the UICC-American Joint Committee on Cancer tumor, node,
and metastasis categories [16].

Follow-Up Assessments

Patients with a diagnosis of pancreatic cancer will undergo
appropriate treatment (eg, surgery and/or chemotherapy)
according to the standard of care guidelines[11]. Patients with
negative diagnostic results will be followed by contract CT,
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abdominal ultrasound, and/or MRI. Blood testing for
carcinoembryonic antigen (CEA), carbohydrate antigen 19-9
(CA19-9), amylase, and lipase will be performed at intervals
of 6 months.

Study Endpoints

The primary endpoint is the diagnosis rate (number of patients
diagnosed/total number of study participants) for pancreatic
cancer, calculated with a 95% Cl. The secondary endpoints
include the diagnosis rates of pancreatic cancer by stage,
pancreatic neoplasms other than pancreatic ductal
adenocarcinoma, Stage 0/l pancreatic cancer at each visit, and
surgical resection. For patients with a definite diagnosis of
pancreatic cancer, a frequency table will be created based on
the resectability classification [16].

Sample Size

We based our sample size on data from a previous study, in
which 28 patients were diagnosed with pancreatic cancer among
224 subjects who had 2 or more pancreatic cancer risks [14].
The risks prespecified in this study are considered equivalent
to those reported previously, meaning that the rate of the patients
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diagnosed with pancreatic cancer is expected to be
approximately 10%. To obtain estimation accuracy (95% Cl)
of £5%, the required number of subjects is calculated as 138.
The planned number of participants in this study is 150. We
expect that approximately 100-150 patients with =2 points on
the pancreatic cancer risk scoring metric will visit the
participating clinics per year and that 80% of these eligible
patients will give consent to participate in the study [14].
Therefore, in the 2-year referral period, 160-240 participants
are expected to enroll in this study. However, when the number
of patients reaches 150, registration will continue because this
a prospective observational study without any intervention.

Statistical Analyses

Patient characteristics will be summarized using descriptive
statistics with frequency, mean, and standard deviation. The
following items will be evaluated: sex, age, symptoms
suggestive of pancreatic cancer (abdominal pain, jaundice, back
pain, and weight loss), newly diagnosed or worsening of type
2 diabetes, family history of pancreatic cancer, abnormal
laboratory test value for serum amylase (high or low) or serum
CA19-9 (high), pancreatic duct dilation, or pancreatic cyst
detected by echography. Participants’ BMI and smoking status
will also be recorded for use in adjusted analyses.

Loss of participants to follow-up will be minimized by
monitoring missed appointments and contacting participants
promptly. Where key dataitemsare unavailable or only partially
reported, we will use multiple imputation to impute missing
data where indicated.

Dataon patientswith aconfirmed diagnosiswill be summarized
using descriptive statistics according to resectability
classification [16]. Binomia logistic regression analysis (both
univariate and multivariate analyses) will be performed with a
diagnosisof pancreatic cancer asthe objective variable and each
risk factor and the result of an imaging test as explanatory
variables. For the primary multivariable analysis, variables will
be sel ected with atwo-sided significancelevel of 5%. In addition
to the unadjusted analyses, | ogi stic regression anal yses adjusted
for BMI and smoking status will be conducted.

Sensitivity analysiswill be conducted to generate multivariable
prediction scores based on all available risk factors, regardless
of performance or significance on univariable analysis, and
based on aternate combinations of risk factors as indicated.
Formal comparisons of the relative goodness-of-fit of each
model will be conducted through derivation of the Akaike
Information Criteria and/or the Bayesian Information Criteria
asindicated. Wewill comparethe performance of the prediction
score based on this primary model against those of the sensitivity
analysis models.

No interim analysis or subgroup analysiswill be performed. A
separate follow-up study will be conducted to eval uate the 5-year
survival rate of pancreatic cancer in the region. SPSS statistical
software (Version 25.0, IBM Corp) will be used for all analyses.
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Ethical Approval and Informed Consent

This study protocol has been approved by the ethics committee
of Mie University Graduate School of Medicine (approval
number H2020-143). All participants will provide written
informed consent prior to study enrolment.

Results

The study was initiated in September 2020 and aims to recruit
at least 150 patientsin a2-year period. Recruitment of patients
iscurrently still underway. Final dataanalysisis expected to be
complete by March 2025.

Discussion

The detection of pancrestic cancer, particularly at the early
stages when 5-year survival rates are relatively high, remains
challenging. Despite advancement in the knowledge of potential
risk factors that cause pancreatic cancer and newly available
tools for early diagnosis, its incidence is increasing and is
estimated to include 355,317 new cases per year up to 2040
[17]. Previous studies have revealed the value of using clinical
findings to detect early pancreatic cancer [12-14]. Sakamoto et
al [14] found that of thefive clinical findingsthey investigated,
three (symptoms, new onset diabetes, and high CA19-9) were
more frequent in the advanced pancrestic cancer group than in
the early and non—pancreatic cancer groups. In contrast, high
amylase and/or high pancreatic amylase level swere significantly
more frequent in the early pancreatic cancer group than in the
other groups. Similarly, CA19-9 levels >37 U/mL had a
sensitivity, with 95% specificity, of 68% and 53% for detecting
pancreatic cancer at >1 year and >2 years before diagnosis,
respectively [18].

We plan to initiate a prospective, observational study designed
to evaluate a scoring metric for systematic early detection of
pancreatic cancer in Mie Prefecture, Japan. If demonstrated to
be effective, our system may represent a novel tool for usein
the diagnosis and subsequent management of this patient
population. A strength of our study is that, although patients
will be referred from five different participating centers, all
diagnostic and follow-up assessments will be performed at a
single institution, eliminating variability in local practices. A
possible limitation is that, for ethical reasons, this study will
not directly compare the scoring metric with no scoringin terms
of new diagnoses. However, the rates of diagnoses, particularly
of early stage pancreatic cancer, can be compared with historic
published data. Additionally, with a relatively small sample
size, thisinitial study will be limited in its ability to be applied
to the wider population and different ethnicities because most
of the participants are likely to be Japanese. A planned future
study will examine 5-year survival after referral using the
scoring metric and the value of each item in the scoring metric
for detecting early stage pancreatic cancer in a larger number
of patients.
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Abstract

Background: Parkinson disease (PD) is a neurodegenerative disorder associated with a broad spectrum of motor and nonmotor
symptoms. Any proposed cure needs to address the many aspects of the disease. Stem cell therapy may have potential in this
regard as indicated in recent preclinical and clinical studies.

Objective: This protocol aims to examine the safety and therapeutic benefit of human Wharton jelly-derived mesenchymal
stem cells (WJ-M Scs) and their derivatives, neuronal stem cells (NSCs) in PD.

Methods: Thisclinical trial is adouble-arm, single-blinded, phase I-11 interventional study. Participants have been allocated to
1 of 2 groups: onereceiving alogeneic WJ-M SCsalone, the other receiving NSCs and WJ-M Scs. Partici pants are being followed-up
and assessed over aperiod of 6 months. To assess safety, an incidence of treatment-emergent adverse events (TEAES) tool tailored
for PD is being used immediately and up to 6 months after treatment. For efficacy assessment, a number of factors are being
used, including the gold standard severity test and the Unified Parkinson Disease Rating Scale. In addition, the following
standardized assessments for different common symptoms in PD are being included: motor (both subjectively and objectively
assessed with wearabl e sensors), sensory, quality of life and psychological well-being, cognition, and sleep quality. Furthermore,
immune-modulatory cytokines and neuronal damage versus regeneration markers in PD, including the neuronal protein linked
to PD, a-synuclein, are being monitored.

Results: Ten patients have been enrolled in this study and thus participant recruitment has been completed. The study statusis
active and beyond the recruiting stage. Study chart implementation, data collection, and analysis are ongoing.

Conclusions: The combination of NSCs and MSCsin PD may be useful for harnessing the best of the immunomodulation and
neural repair characteristics of these cell types. The tailored comprehensive and scaled TEAEs and the variety of evaluation tools
used enables a comprehensive assessment of this cellular therapy treatment protocol. A consideration of this expanded tool set
isimportant in the design of future clinical studiesfor PD.

Trial Registration: Clinical Trials.gov NCT03684122; https://clinicaltrials.gov/ct2/show/NCT03684122
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Introduction

Parkinson disease (PD) isthe most common movement disorder
and the second most common neurodegenerative disorder of
aging [1]. This neurodegenerative disease arises due to theloss
of dopaminergic neurons of the substantia nigra pars compacta,
a basal ganglia structure located in the midbrain that plays an
important rolein bodily movement. PD iscommonly recognized
through clinical motor signs of tremor, rigidity, and
bradykinesia, with postural instability often appearing as the
disease progresses. Nevertheless, PD isassociated with abroad
spectrum of nonmotor symptomsthat habitually precede motor
symptoms and that have been found to be associated with a
reduced quality of life[2]. These signsinclude mood disorders,
cognitive dysfunction, sensory dysfunction with hyposmia, and
disturbances of sleep-wake cycle regulation [3].

Conventional treatment strategies for managing motor and
nonmotor symptoms of PD have included medical and surgical
methods. Medical therapy relies on replenishing dopaminergic
activity in the basal ganglia, with levodopa being the pillar of
the medical therapy. In addition, deep brain stimulation is the
most common surgical procedure and is designed to mitigate
the motor symptoms of PD by targeting the subthalamic nucleus
and globus pallidus par interna [4]. Although these therapies
are helpful in alleviating and halting the symptoms in many
cases, some patients do not respond to these methods while
others suffer their side effects. In levodopa-based medical
therapy, the drug effect usually wears off after a short time as
the disease progresses, requiring increased frequency of dosing
[5]. Moreover, even though deep brain stimulation has been
approved by the US Food and Drug Administration for PD
treatment, itsrelated adverse events are unpredictable[6]. They
may include hardware-related complicationsleading to infection
and stimulation-induced phenomena, such as paresthesia,
dysarthria, ataxia, and hypotonia.

In recent years, regenerative medicine has been investigated in
neurological diseases, including PD, with aclear potential being
demonstrated but at varying efficacy levels. Several types of
stem cells have been used in experimental studiesrelated to PD,
including embryonic pluripotent stem cells, mesenchymal stem
cells (MSCs), and induced pluripotent stem cells. MSCs have
been studied extensively and present several advantages over
other types of stem cells. Theseinclude minimum manipulation,
relatively high genetic stability, and ease of isolation and
accessi bility from various tissues, such as bone marrow, adipose
tissue, and peripheral blood. The umbilical cord is the most
accessible source of MSCs than can be used to generate large
numbers of high proliferating human Wharton jelly-derived
M SCs (WJ-M SCs) which can be stored in biobanks. MSCs have

https://www.researchprotocols.org/2021/10/€29695

been found to be capabl e of replacing and rescuing degenerated
dopaminergic and nondopaminergic neurons, suggesting its
potential for the treatment of both motor and nonmotor
symptoms of PD [7].

The multipotency characteristic of MSCs enables them to
differentiate into many cell types, including neurons and other
neurona cells[8]. WJ-MSCs differentiated into neuronal stem
cells (NSCs) were found to have enhanced therapeutic potential
compared to WJMSCs. NSCs exhibit neuroectodermal
characteristics with reduced capacity to undergo mesodermal
differentiation while preserving their immune modulatory
properties [9]. This means that NSCs are more committed to
the neuroectodermal lineage with minimized risk of ectopic
differentiation following central nervous system transplantation
[10].

The safety and clinical outcome of using allogenic MSCsalone
or alongside their derived NSCsin PD individuals have not yet
been investigated. The available research on the safety and
efficacy of therapeutic agents for PD is rarely comprehensive
because not many aspects of the disease are examined, leading
to an incomplete evaluation. Therefore, this study has been
designed to assess and compare N SCs cotransplanted with MSCs
to MSCs alone. The study’s protocol aims to produce clear
conclusions regarding the safety and the comparative benefits
of both treatment armsin regard to the different aspects of life
commonly affected by PD.

Methods

Ethical Approval and Recruitment

The study protocol was submitted to the Research Ethics
Committee of the Cell Therapy Center (CTC) at the University
of Jordan (approval #RB/01/2018). All study procedures are
following the ethical principles of the Helsinki declaration.
Trained research personnel explained benefits and risks of
participation in this study during the consent process, and all
eligible participants signed an informed consent form. The study
protocol isregistered in the American Registry of Clinical Trials
(NCT03684122).

Potential participantswererecruited using study flyersthat were
distributed in the neurology clinic at Jordan University Hospital,
shared on different social mediaplatformsand the CTC official
website. Flyersincluded aninvitation for interested peoplewith
PD to participate in the study, a brief explanation of the aims
and design of the study, and contact numbers of study team
members responsible for participants’ recruitment. Subsegquent
phone interviews were conducted with interested individuals.
Screening information collected included participant’s profile,
past medical history, current medication list, date of diagnosis
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with PD, and current functional limitations. Consequently,
participants were scheduled for their baseline assessment, in
which they were considered as eligible or ineligible according
to the predefined criteria regardless of gender, ethnicity, or
socia background.

Study Design

This study is a double-arm, single-blinded, phase /-l
interventional clinical trial. The protocol isdesigned to compare
injecting M SCsand their derived NSCsto injecting MSCsalone.

Figure 1. Study plan summarizing the different stages of the clinical trial.

Jamali et al

Ten participants with PD who matched the inclusion and
exclusion criteriadetailed in the next section were assigned into
1 of 2 arms. Participants in the 2 groups were matched based
on age, gender, disease severity (according to the Hoehn and
Yahr Scale) and Unified Parkinson Disease Rating Scale
(UPDRS) scores. All participants are being assessed at 3
different time points: up to 1 week beforefirst intervention, and
at 3 months and 6 months after. The study design is summarized
in Figure 1.

Interview design and topic guide

General sereeningfinclusion and exclusion criteria

Participant recruitment'baseline assessments

Group allocation

1

Mesenchymal stem eclls only

Neuronal and mesenchymal stem cells

Three stem cell transplantations

Posttransplantation assessment

The primary objective is to evaluate the safety of the cellular
therapy protocols. Immediate, short-term, and up-to-6-month
treatment-emergent adverse events (TEAES) are being
thoroughly examined. The secondary outcome includes the
efficacy of both stem cell therapy protocolswhich will evaluated
by documenting and correlating changesin motor and nonmotor
functions, in addition to examining hiological markers of
inflammation and neural regeneration and repair.

Inclusion and Exclusion Criteria

Participants were required to meet the following inclusion
criteriain order to be included in the study: nonsmoker; aged
between 18 and 80 years; physician diagnosis of idiopathic PD
confirmed from amedical file provided by participants; disease
duration between 1 and 15 years, robust response to
dopaminergic therapy (defined as greater than 33% reduction
in symptoms on the UPDRS when measured in the “On
medicineg” state compared to the “Off medicing’ state); for
participants taking any central nervous system—related
medications (eg, benzodiazepines, antidepressants, hypnotics),
aregimen that is optimized and stable for 90 days prior to the
screening visit; stable PD symptomatic therapy for at least 90
days prior to screening; for women of childbearing potential, a

https://www.researchprotocols.org/2021/10/€29695

reliable form of contraception from 30 days prior to basgline
visit until 6 months after treatment; and a clear infectious panel
examination including hepatitis B and C, HIV, and syphilis.

Meanwhile, if participants met any of the following exclusion
criteria, they were deemed ineligible to participate in the study:
atypical or drug-induced Parkinsonism; a UPDRS rest tremor
score of 3 or greater for any limb on medication; a Montreal
Cognitive Assessment score of lessthan 25; clinical features of
psychosis or refractory hallucinations, uncontrolled seizure
disorder, defined as a seizure within the last 6 months;
developmental delay; hepatic disease or altered liver function
asdefined by alaninetransaminase >150 U/L and or T bilirubin
>1.6 mg/dl at admission; history of congestive heart failure or
clinicaly significant bradycardia and presence of second- or
third- degree atrioventricular block; active malignancy or
diagnosis of malignancy within 5 years prior to the start of
screening (with cancer-free status for at least 5 years being
permitted, and skin cancers, except for melanoma, being
permitted); history of stroke or traumatic brain injury; major
surgery within the previous 3 months or planned in the ensuing
6 months' clinically significant abnormalities in the screening
laboratory studies; history of use of an investigational drug
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within 30 days prior to the screening visit; unable to return for
follow-up visits for clinical evaluation and laboratory studies;
and any other condition the investigator feels would pose a
significant hazard to the participant if enrolled or that would
complicate the study assessments.

Baseline Assessments

Parti cipants were scheduled for aninitial evaluation at the CTC,
University of Jordan. Participants were then asked to fill and
sign a consent form, which was explained thoroughly by
research personnel. Thereafter, participants underwent a
comprehensive battery of measures including motor and
nonmotor medical assessments, which took approximately 3
hoursto complete. By the end of the baseline assessment, it was
determined whether a participant was eligible for inclusion or
not. All participants deemed eligible were schedul ed to undergo
posttreatment assessments after 3 and 6 months.

Stem Cell Preparation

Human WJ-MSCs

Stem cell injections were prepared from thawed WJMSCs
previously cryopreserved in the biobank of the CTC. Isolation
of MSCs from healthy and bioscreened umbilical cord donor
was performed according to good laboratory practice standard
operation protocols. Characterization of the isolated stem cells
was required to meet the defining criteria of MSCs, including
microscopic spindle shape, surface marker expression, and
trilineage differentiation, in accordance with the International
Society for Cellular Therapy recommendations [11]. Briefly,
the cord was rinsed with phosphate-buffered saline (PBS; pH
7.4) and cut into 5-cm-long pieces. The pieces were cut
longitudinally, and the blood vessels were removed. The

remaining tissues were cut into ~4 mm? pieces and plated in
tissue culture plates. The explants were allowed to attach for
about 15 minutes, and then culture medium was gently added
to the plates and incubated without moving for 8 days.

The WJ}MSCs expansion culture medium consisted of
a-modified minimum essential medium (Thermo Fisher
Scientific) supplemented with 5 % human platelet lysate, 1%
(w/v) penicillin/streptomycin, and 2 mM of L-glutamine
(Thermo Fisher Scientific).

Subsequently, culture medium was changed every 3 to 4 days,
and cellswere passaged at 80% confluence with xenogenic-free
TrypLE 10X dissociation reagent (Thermo Fisher Scientific).

Figure 2. Stem cell transplantation schedule.

e Bascline
assessment

-
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Prior to cryopreservation, MSC batches were karyotyped to
examine gross chromosomal aberrations. In addition, deep
cytogenetic analysis was performed with Cytoscan microchips
and ChAS software (Thermo Fisher Scientific).

Thefinal cell suspensions, ranging from 80 to 120 x 10° MSCs,
was prepared for intrathecal injection while another of 40 to 60

x 10° MSCs was prepared for intravenous injection in
preservative-free normal saline. An automated cell counting
instrument with disposable chamberswas used to determinethe
number of cells administered (Thermo Fisher Scientific). The
system identified cell viability and cell concentrations from 1

x 10*to 1 x 10" cells per milliliter with a mean diameter
detection of 5 um to 60 um.

Human Neuronal Stem Cells

The same biological sample of umbilical cord—derived MSCs
was used for NSC generation. WJ-MSCs were thawed and
expanded for 4 daysin low-adherence flasks. The differentiation
culture medium was the Neurobasal Medium (Thermo Fisher
Scientific) supplemented with 2% B27 growth factor (Thermo
Fisher Scientific). Cells were harvested 8 to 12 days after
differentiation. Floating “neurospheres’ became visible in the
culture after 2 to 5 days. Immunocytochemistry staining with
nestin-2 and PAX-6 was performed for further characterization
of neurona differentiation. To obtain single-cell suspensions
of NSCs, neurospheres were triturated in TrypLE (10x) with a
serological pipette and then diluted with PBS (Thermo Fisher
Scientific). NSC genetic stability was examined after DNA
extraction (Qiagen) and compared to thawed MSCs using
Cytoscan microchips and ChAS software (Thermo Fisher
Scientific).

Prior toinjection, cellswere centrifuged, resuspended with PBS
for counting and diluted to the final cell number between 8 and

12 x 10° NSCs per injection in preservative-free normal saline.
Cells were delivered to the clinical unit in the CTC for
immediate use.

Stem Cell Transplantation Protocol

Stem cell transplantation for each participant was held at the
ICU rooms of the CTC clinical unit. Vital signs of each
participant were monitored prior and throughout the procedure.
Thetreatment protocol entails 3 consecutiveinjections: thefirst
within a week of the baseline assessment, and the second and
third 1 month and 3 months after, respectively (Figure 2).

30 days +/- 7 days
s First ¥ .
transplantation

Second | > .
transplantation

60 days +/- 7 days
Third
transplantation
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At each time point, MSCs were intravenoudly delivered for all
patients and either NSCs or MSCs were cotransplanted
intrathecally. For intrathecal injections, 1 ml to 2 ml of 2%
lidocaine hydrochloride solution, alocal anesthetic agent, was
used. Spine X-ray images were examined by the physician to
takeinto consideration any anatomical variations. A disposable,
sterilized epidural kit was used for every participant with
appropriate long-needle size according to participant’s weight.
A volume of 5ml to 10 ml of cerebrospinal fluid was aspirated
and immediately frozen at —80 °C, followed by stem cell
transplantation of a similar volume to limit central nervous
system pressure with consegquent headaches.

https://www.researchprotocols.org/2021/10/€29695
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Treatment-Emergent Adver se Event Reporting

Preceding the intervention, vital signs measurements and
extensive medical history with complete system review for
enrolled participants were performed by trained nursing staff
inthe CTC.

Following theintervention, TEAEswere monitored and recorded
according to the following schedule: immediate follow-up,
24-hour follow-up, 1-week follow-up, 1-month follow-up, and
3-month follow-up. Based on available TEAE assessment tools,
a detailed scaled questionnaire was compiled specifically for
thistrial [12-14]. This enables a comprehensive assessment of
any relevant symptoms that might appear after administration
of anew treatment regimen for PD and is designed to be used
for related neurological diseases (Table 1).
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Table 1. Scaled incidence of treatment-emergent adverse event (TEAES) reporting tool for immediate assessment.

Jamali et al

Adverse effect Grade
1 2 3 4 5
Allergy Transient flushing or rash;  Rash; flushing; urticaria; dysp- Symptomatic bronchospasm, with  Anaphylaxis Death
drug fever <38 °C (<100.4 nea; drug fever 238 °C (=100.4 or without urticaria; parenteral
°F) °F) medication(s) indicated; allergy-
related edema or angioedema; hy-
potension
Pain Mild pain not interfering Moderate pain; pain or anal- Severe pain; pain or analgesics Disabling N/AP
with function gesicsinterferingwithfunction, severely interfering with ADL
but not interfering with ADL?
Injection site <2.5cm 25-5¢cm >5cm N/A N/A
swelling
Rash Macular or papular eruption Macular or papular eruption or  Severe and generdized erythroder- Generalized exfolia= Death
or erythemawithout associ-  erythemawith pruritusor other  ma, macular, papular, or vesicular  tive, ulcerative, or
ated symptoms associated symptoms; localized  eruption; desquamation covering  bullous dermatitis
desquamation or other lesions  =50% BSA
covering <50% of BSA®
Vasovagal N/A Present without loss of con- Present with loss of consciousness  Life-threatening Death
episode sciousness conseguences
Dizziness With head movements or Interfering with function, but  Interfering with function, but not  Disabling N/A
nystagmusonly; notinterfer-  not interfering with ADL interfering with ADL
ing with function
Fever 38.0-39.0°C (100.4-102.2  >39.0-40.0°C(102.3-104.0°F) >40.0°C (>104.0°F) for<24 hours >40.0 °C (>104.0 Death
°F) °F) for >24 hours
Palpitation Present Present with associated symp-  N/A N/A N/A
toms (eg, lightheadedness,
shortness of breath)
Numbness Mild symptoms Mild symptoms Severe symptoms; limiting self-  N/A N/A
care ADL
Speech impair- N/A Awareness of receptive or ex-  Receptiveor expressivedysphasia,  Inability tocommuni-  N/A
ment pressive dysphasia, notimpair- impairing ability to communicate cate
ing ability to communicate
Tremor Mild and brief or intermit-  Moderate tremor interfering Severe tremor interfering with Disabling N/A
tent but not interfering with  with function, but not interfer- ADL
function ing with ADL
Muscle Mild pain Moderate pain limiting instru-  Severe pain limiting self-careac- N/A N/A
cramp/soreness mental activitiesof daily living tivities of daily living
Seizures N/A One brief generalized seizure;  Seizuresin which consciousness  Seizuresof any kind Death
seizure(s) well controlled by  isaltered; poorly controlled which are pro-
anticonvulsants or infrequent  seizure disorder, with break- longed, repetitive, or
focal motor seizures not inter-  through of generalized seizures  difficult to control
fering with ADL despite medica intervention (eg, status epilepti-
cus, intractable
epilepsy)
Fatigue Mild fatigue over baseline  Moderate or causing difficulty Severe fatigue interfering with Disabling N/A
in performing some ADL ADL
Blurred vision Symptomatic and not inter-  Symptomatic and interfering ~ Symptomatic and interfering with  Disabling N/A
fering with function with function, but not interfer-  ADL
ing with ADL
Swesting Mild and occasional Frequent or drenching N/A N/A N/A
Fecal inconti- Occasional use of padsre-  Daily use of pads required Severe symptoms; elective opera=  N/A N/A
nence quired tive intervention indicated
Blood with stool ~ Mild symptoms; interven- ~ Moderate symptoms; interven-  Transfusion indicated; invasive Life-threatening Death

tion not indicated

tion indicated

intervention indicated; hospitaliza-

tion

consequences; ur-
gent interventionin-
dicated
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Adverse effect Grade
1 2 3 4 5
Anorexia Loss of appetite without al- Oral intake altered without sig-  Associated with significant weight  Life-threatening Death
teration in eating habits nificant weight lossor malnutri-  loss or malnutrition (eg, inade- consequences; ur-
tion; oral nutritional supple- quate oral caloric and/or fluidin-  gentinterventionin-
ments indicated take); tube feeding or TPNYingi-  dicated
cated
Nausea Loss of appetitewithout al- Oral intake decreased without  Inadequateoral caoricor fluidin-  N/A N/A
teration in eating habits significant weight loss, dehydra-  take; tube feeding, TPN, or hospi-
tion or malnutrition talization indicated
Vomiting 1 episode in 24 hours 2-5 episodesin 24 hours; V€ >6 episodesin 24 hours; 1V fluids Life-threatening Death
fluids indicated <24 hours or TPN indicated >24 hours consequences
Dry mouth Symptomatic (eg, dry or Moderate symptoms: oral in-  Inability to adequately aliment N/A N/A
thick saliva) without signifi-  take alterations (eg, copious orally; tubefeeding or TPN indicat-
cant dietary dteration; un-  water, other lubricants, diet ed; unstimulated saliva
stimulated salivaflow >0.2  limited to purees and/or soft,
mi/min moist foods); unstimulated
saliva0.1-0.2 ml/min
Urine inconti- Occasional (eg, withcough-  Spontaneous; pads indicated Interfering with activities of daily Operativeinterven-  N/A
nence ing, sneezing, etc); pads not living; intervention indicated (eg, tion indicated (eg,

indicated

clamp, collagen injections) cystectomy or perma:
nent urinary diver-

sion)

8ADL: ahility to perform activities of daily living.
BNI/A: not applicable.

’BSA: body surface area.

4TPN: total parenteral nutrition.

€V: intravenous.

Follow-up Assessments of Common PD Symptoms

A detailed follow-up of the different common manifestations
of the disease and quality of life were examined at 3- and
6-month postinjection and then compared to baseline

assessments. In addition, an over-the-phone subjective
evaluation was performed 1 month after thefirst transplantation,
in which a predesigned questionnaire was used to report any
changes perceived by patients (Figure 3). The components of
follow-up assessment are detailed in the following sections.

Figure 3. One-month posttransplantation subjective evaluation questionnaire.

Entity

Presence of
subjective
improvement
(yes/no)

Change in type of medications

Change in dose of medications/stopped medication

Mood improvements

Sleep disturbances and pattern

Constipation

| Speech

Balance

Walking and ambulation

Facial expression

Upper extremity tremor

Lower limb extremity

Weight changes

Appetite

On/off periods

Involuntary movements
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Disease Severity Assessments

Unified Parkinson Disease Rating Scale

The UPDRS serves as a disability and impairment scale for
progression follow-up. It assesses changes in overall function
and is divided into 4 sections. (1): evaluation of mentation,
behavior, and mood (13-item assessment); (2) evauation of
activities of daily living, including speech, swallowing,
handwriting, dressing, hygiene, falling, salivation, turning in
bed, and wasting and cutting food (13-item assessment); (3)
motor examination (18-item assessment of the right and left
sides, and other body functions such as speech); and (4) motor
complications (6-item assessment)

Unified Dyskinesia Rating Scale

The Unified DyskinesiaRating Scale[15] evaluatesinvoluntary
movements or dyskinesia often associated with PD. There are
2 primary parts: (1) historical (part 1: on-dyskinesia; part 2:
off-dystonia) and (2) objective (part 3: impairment; part 4:
disability).

Motor and Functional M obility Assessments

Mobility Lab

Mobility Lab [16] (APDM Inc) is a wearable mobility system
that objectively assesses gait and balance, and has been vaidated
for use in the PD population. It involves wearing wireless
sensors on the wrists, ankles, and trunk. The participants wear
the sensors while performing walking and turning tasks. Data
are analyzed using the APDM software.

Nine-Hole Peg Test

The Nine-Hole Peg Test [17] is a specific test for finger and
manual dexterity. Participants are asked to pick up 9 pegs one
at atimefrom acontainer, using 1 hand only, and put them into
holes as quickly as they can one at atime. They are required,
without pausing, to remove the pegs one at a time and return
them to the container as quickly as they can. Time taken to
finish the task from the dominant and nondominant hands is
used as the outcome measure.

Arabic Version of the Berg Balance Scale

The Berg Balance Scale (Arabic version) [18] is designed to
objectively assess balance through 14 common functional
activities that occur in everyday life. A higher score indicates
ahigher level of function.

Arabic Version of Activities-Specific Balance Confidence
Scale

The Activities-Specific Balance Confidence Scale (Arabic
version) [19] is a subjective measure of confidence in
maintai ning balance while performing various ambulatory and
functional daily activitieswithout falling or experiencing asense
of unsteadiness. A higher score indicates high confidence in
maintaining balance.

Arabic Version of Falls Efficacy Scale-I nternational

The Falls Efficacy Scale-International questionnaire (Arabic
version) [20] isdesigned to assessthefear of falling in the older
population and is recommended for use in people with PD. A
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higher score indicates that the person has a fear of falling. A
lower score indicates high confidence in maintaining balance.

The Falls Efficacy Scale-I nternational

For this assessment, each participant was asked to provide
information about their history of falls at baseline, specifically
a 1-month and 6-months pre-enrollment. In addition,
information regarding the mechanism of faling was
documented. Participants were contacted by research personnel
every month postbaseline up to 6 months via phone to document
falls.

Sensory Assessments

The University of Pennsylvania Smell | dentification Test

The University of Pennsylvania Smell Identification Test [21]
is commercialy available for smell identification to test the
function of an individual's olfactory system. It is the gold
standard assessment of olfactory function among the smell
identification tests for its high reliability (r=0.94) and
practicality.

Arabic Version of the Pain Rating Scale

The Pain Rating Scale (Arabic version) [22] includesthe visual
analogue pain scale and assess different aspects of pain,
including pain felt at the moment and pain felt in the past week.
The Pain Rating Scale wastrandated by the British Pain Society
and is recommended for use in populations for whom painisa
major issue.

Quiality of Life and Psychological Well-being
Assessments

Parkinson Disease Questionnaire

The Parkinson Disease Questionnaire [23] is a quality-of-life
guestionnaire designed to assess how often people with PD
experience difficulties across 8 different criteria.

Arabic Version of Beck’s Depression I nventory |1

Beck’s Depression Inventory Il (Arabic version) [24] is a
subjective measure of how depression manifestsin behavior. It
not only identifies varying levels of depression but is also able
to indicate changes in depression and intensity of depression
over a period of time. A high score indicates higher levels of
depression.

Arabic Version of the Modified Fatigue | mpact Scale

The Modified Fatigue Impact Scale (Arabic version) [25] isa
self-reported measure that assess the effects of fatigue in terms
of physical, cognitive, and psychosocial functioning. A high
score indicates higher levels of fatigue.

Cognitive Function Assessments

Montreal Cognitive Assessment

Montreal Cognitive Assessment [26] is a screening assessment
tool for global cognitive function. It assesses several cognitive
domains. A cutoff score of 25 is indicative of mild cognitive
impairment.
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Arabic Version of the Stroop Test

The Stroop Test (Arabic version) [27] isameasure of executive
function that requires participantsto inhibit the natural response
(reading theletter X or acolor word) and replaceit with another
response (the color of the letter X or the color of the word).
Correct responses in 45 seconds are being used as the outcome
measure.

The Symbol Digit Modalities Test

The Symbol Digit Modalities Test [28] is a measure of
information-processing speed that requires participants to
quickly say the number that matches a corresponding symbol.
The total correct responses in 90 seconds are used as the
outcome measure.

Sleep Quality Assessments

Arabic Version of the Pittsburgh Sleep Quality I ndex
Pittsburgh Sleep Quality Index (Arabic version) [29] is a
well-validated and reliable measure of global sleep quality. It
consists of 8 questions scored based on yes-or-no answers. If 3
or more items are answered yes, the person isat ahigh risk for
obstructive sleep apnea.

Arabic Version of the Epworth Sleepiness Scale

The Epworth Sleepiness Scale (Arabic version) [30] isused to
assess daytime sleepiness. It consists of 8 assessment itemsin
which the participants use a 4-point Likert scale to rate how
likely they would fall asleep in 8 different scenarios of daily
activities. A score > 10 indicates the presence of daytime
sleepiness.

Arabic Version of the STOP-Bang Questionnaire

The of the STOP-Bang Questionnaire (Arabic version) [31] is
a simple and reliable diagnostic tool to screen participants at
risk of obstructive sleep apnea. It consists of 8 questions scored
based on yes-or-no answers. If 3 or more items are answered
yes, the personis at ahigh risk for obstructive sleep apnea.

Arabic Version of the nsomnia Severity | ndex

The Insomnia Severity Index (Arabic version) [32] is a tool
designed to assess the severity of both nighttime and daytime
components of insomnia. It consists of 7 questions, and ascore
210 isindicative of clinical insomnia.

Immune M odulation and Neur al-Regener ation
Biomarkers

A combination of indicatorsin the blood and cerebrospinal fluid
are being examined to monitor treatment-related changesin the
2 treatment groups compared to basgline. Thisis necessary due
to the lack of consensus on asingle PD progression biomarker.
For this, blood and cerebrospinal fluid samplesat 3 time points
were rapidly separated into single-use aliquots and frozen in

—80 C° refrigerators at the same facility, thus ensuring sample
quality is preserved until the end of the clinical trial. Two sets
of multiplex enzyme-linked immunoassay kits were used on
the Luminex 200 platform (Luminex Corporation) at CTC's
proteomics laboratory according to the manufacturer’'s
recommendations [33]. The first kit detects protein levels of
a-synuclein and DJ1/PD 7 (linked to neurodegeneration, as
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well as a proposed cognitive impairment marker, epidermal
growth factor) [34,35]. Proinflammatory cytokines produced
inthe brain and peripheral blood are considered important cues
in the disease. Therefore, the second kit will measure cytokine
protein levels, including interleukin 1 beta, interleukin 6,
interleukin 2, and tumor necrosis factor alpha[36,37].

In order to limit cross-batch variation, baseline, and 3- and
6-month posttreatment samples of each participant are being
run on the same plate.

Statistical Analysis

For data analysis, SPSS 23.0 (IBM Corporation) will be used
to perform al statistical analyses, with a=.05. A 2-sided,
independent t test will be used to test the differences between
the 2 study groups at baseline. Repeated measures analysis of
variance will be used to test the effect of the intervention at
different time points. Pearson correlation coefficient will be
used to assess the relationship between the outcome measures
of interest. Biomarker analysis will be performed using the
Mann-Whitney statistical test.

Participant Withdrawal

According to the Helsinki declaration, participants have the
right to withdraw from the study at any time and are informed
of this right during the written informed consent process and
during the study.

Data Management and Quality Control

The principal investigator, coinvestigators, research assistants,
research coordinators, and medical doctorsand nursesinvolved
will ensure the good conduct of the data collection, data entry,
and storage of relevant data.

All members of the research team will the protect the privacy
of participants and the confidentiality of data. Personal
identifiers have been limited on data collection forms, and all
data files are being kept in alocked file cabinet. Data will be
available only to appropriate members of the research team.
Each participant has been given auniqueidentifier (symbol and
number), and their el ectronic dataare being stored in university
network drives, with data collection occurring on an encrypted
password-protected |aptop computer.

To ensure quality control, blood samples will be analyzed in
triplicate, and data entry will be cross-checked by a second
person. All devices used for the biochemica testing and all
subjective assessment tools included in this study have been
validated. For biomarkers, samples are being measured in
triplicate with the needed controls and standards included.

Results

The study protocol was approved by the ingtitutional review
board of the CTC on March 3, 2018. The study is being funded
by the Deanship of Scientific Research at the University of
Jordan. As of July 1, 2019, the date of the first patient accrual,
10 patients were enrolled in this study and thus participant
recruitment has been completed. As of July 1, 2021, the status
of the study is active and not recruiting. Study flow chart
implementation, data collection, and data anadysis are in
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progress. The study is estimated to be completed in November
2021.

Discussion

PD is a neurodegenerative disease which imposes a
socioeconomic burden onindividualsand their relatives. Cellular
therapy has proven its potential in several preclinical and clinical
trials conducted in the past decades. A few studies have
investigated the effect of MSCs on PD anima models and
human participants. In one preclinical study, Jinfeng et a [38]
showed that some PD symptomswereimproved when umbilical
cord—derived transduced MSCs were transplanted into a PD
mice model. Stiffness of the limbs, unsteady gait, and
uncoordinated limb movements were all aleviated after the
stem cell treatment. Another study by Shetty et al [39] indicated
that bone marrow—derived MSCs can be transdifferentiated
adequately into functional dopaminergic neurons both in vitro
and invivo.

This protocol adoptsanovel approach to PD cell-based therapy
treatment. The novelty arises from 4 major points. Thefirst is
the choice and combination of stem cells. Umbilical
cord—derived WJ-M SCswere chosen over other types of MSCs
based on our earlier findings, which demonstrated an inherent
advantage at the transcriptome level of this source of MSCsin
terms of neurogenesis[40]. Cotransplanting allogenic NSCsin
1 arm is a unique aspect of the study, as the safety and effect
of allogenic NSCs on PD symptoms have not been previously
investigated. However, Harris et a [41] did pioneer the clinical
use of human NSCs in a neuroinflammatory disease, with the
long-term safety and tolerability of injecting autologous NSCs
being reported in multiple sclerosis patients.

Second, the main goal of this phase I-11 study isto examinethe
safety of using an allogenic source of M SCsfor treatment which
would remove individual variability in the MSC secretome
observed when autologous stem cells are used as a source of
cellular therapy [42]. Although similar clinical trials have sought
to examine the safety of a treatment modality, there is scarcity
and variability in the aspects assessed and reported by different
groups. To improve reporting, our team compiled a tailored,
comprehensive questionnaire with which the relevant TEAEs
can be assessed according to agrade scale.

Third, the planned dual route of injection is consistent with
published data regarding the benefits of intrathecal
transplantations. Despite the invasiveness accompanying the
procedure, delivering NSCs and MSCs via this route can
decrease their chances of being trapped in the lungs and spleen
[43]. Theintravenous route was used simultaneously to account
for the reported benefits and proposed mechanisms of action
related to this route [44]. It is worth noting the study by
Venkataramana et a [45] in which a single dose of bone
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marrow—derived MSCs was unilaterally transplanted into the
sublateral ventricular zone by stereotaxic surgery into people
with PD. Although their study did not report on the effectiveness
of the treatment trialed due to the characteristics of the study
(limited number of participants and being held in an uncontrolled
manner), the resultsinspired subsequent studies—including our
own—to consider cell-based therapy for PD.

Finally, this protocol includes extensive assessment tools for
efficacy. Testing the feasibility of combining many measures
that reflect the diversity of PD symptoms is of value to future
trials regardless of the treatment under study. Although the
6-month follow-up period cannot assess the long-term effects
of stem cell therapy, it is being used by many researchers to
identify clinical changes in response to different treatment
modalities [46].

Another aim of publishing this detailed protocol is to enable
criticism and make room for improvement in the design of future
trials. For instance, more tools for examining disease, such as
neuroimaging and a larger panel of biomarkers, including
microRNA, peptides, and metabolites can be added to future
trials’ assessment list [46]. Indeed, assessment toolsused in this
protocol have been carefully combined to cover many aspects
of the disease. The APDM Mobility Lab system which is a
validated, objective measure, captures gait impairments and
postural instability which are amongst the most important motor
complications influencing the functional quality of life in PD
[47]. In addition, analyzing measured biomarkers during the
course of therapy allows for a deeper insight into the changes
related to the neurodegenerative and immune aspects of PD.
This also provides a more personalized assessment of each
participant to account for the lack of consensus on a specific
progression marker in PD. Furthermore, the study design amply
considers the nonmotor aspects of PD, which are often
overlooked, as the burden of nonmotor symptoms, such as
hyposmia, deep disturbances, and cognitive impairments,
significantly contribute to the overall poor quality of lifeamong
people with PD.

This detailed clinical trial protocol describes the many aspects
related to the preparation and administration of stem cells, the
recruitment of peoplewith PD, and the safety and efficacy tools
used to assess the therapy. It presents a model study design as
it contains clear and direct proceduresthat may help neurologists
and stem cell speciaistsengagein investigator-initiated clinical
trialsto assessthe safety and value of this alternative therapeutic
approach. Furthermore, sharing protocols with the scientific
community encourages collaboration and the launching of
multisite trials that improve participant numbers and result
significance. Finally, due to the multifaceted nature of PD
symptoms, interdisciplinary collaboration is key to achieving
amedical breakthrough in thisfield.
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Abstract

Background: Thereis strong evidence suggesting that prebiotics and probiotics regulate gut microbiota, reducing inflammation
and thereby potentially improving bone health status. Similarly, mechanistic evidence suggeststhat either low-impact or high-impact
weight-bearing exercisesimprove body composition and consequently increase bone mineral density inindividual swith osteoporosis
and osteoarthritis.

Objective: Thisstudy aimsto investigate the effects of a synbiotic (probioti c+prebiotic) supplementation, an exerciseintervention,
or acombination of both on gut microbiota, inflammation, and bone biomarkers in postmenopausal women.

Methods: A total of 160 postmenopausal women from New Zealand will be recruited and randomized to one of four interventions
or treatmentsfor 12 weeks: control, synbiotic supplementation, exercise intervention, or synbiotic supplementation and exercise.
The primary outcome measure is the bone and joint biomarkers at baseline and week 12, whereas the gut microbiota profile and
inflammatory cytokine measurements will serve as the secondary outcome measures at baseline and week 12. Baseline data and
exercise history will be used to assess, allocate, and stratify participants into treatment measures.

Results: Recruitment of participants will begin in September 2021, and the anticipated completion date is June 2022.
Conclusions: To the best of our knowledge, this will be the first randomized controlled trial to analyze the effects of both a
synbiotic supplement and an exercise intervention in postmenopausal women. On the basis of the results obtained, acombination
of synbiotic supplements and exercise might serve as a honinvasive approach to manage and/or improve body composition and
bone health in postmenopausal women.

Trial  Registration: Australian  New  Zedland Clinica Trias Registry ACTRN12620000998943p;
https://www.anzctr.org.au/Trial/Registration/Trial Review.aspx?d=380336&isClinica Tria =False

(JMIR Res Protoc 2021;10(10):e30131) doi:10.2196/30131
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Introduction

Background

The global population is aging. The globa incidence of
postmenopausal  osteoporosis is aso increasing [1,2].
Postmenopausal osteoporosis is characterized by increased
low-grade inflammation that contributes to low bone mass and
degradation of bone mineral content, resulting in
postmenopausal bone loss [3-5]. Elevated levels of
proinflammatory cytokines (eg, interleukin [IL]-6, tumor
necrosisfactor [TNF]-a, IL-1, and receptor activator of nuclear
factor kappa-B ligand produced by activated T cells) induce
osteoclast formation and activity during senescence [2,6].
Meanwhile, it is well recognized that conventional estrogen
therapy in the form of hormone replacement therapy (HRT),
such asestradiol implants, increases bone density by increasing
the activity of osteoblasts, reducing bone resorption, and
reducing inflammation [7-9]. However, the long-term use of
HRT as an anabolic treatment and high doses of estrogen may
not reduce theincidence of bone fracture [ 7] and are associated
with long-term side effects. Therefore, nutritional interventions
are safe and reliable for improving bone health status.

Studies have reported that changes in the gut microbiome can
affect distant organs, including the bone and subsequently the
development of osteoporosis [10]. Recent studies in rats and
mice have suggested that the gut microbiome modul atesimmune
status[11] aswell as calcium absorption and molecular control
of bone resorption [12-14]. Although studies have been
conducted in animals, there are few studiesin humansthat have
investigated the effects of pre- and probiotics on the gut
microbiome and postmenopausal osteoporosis. Moreover, human
gut microbiota is different from that of rodents, which is why
many studies have faced limited success in their attempt to
humanize the murine microbiota[15].

Defining Osteoporosis and Its Significance

Osteoporosis is “characterized by low bone mass and
microarchitectural deterioration of bone tissues, consequently
increasing bone fragility and breakage” [16]. The term
osteoporosis (osteoun) refers to bone and por (os) to
passagetosis [17]. The widely accepted clinical diagnostic
criteria and intervention threshold are defined as bone mineral
density (BMD) =2.5 SDs(T score<-2.5) below the mean value
of ayoung reference at the lumbar spine, femur neck, or total
hip bone in older men and postmenopausal women [18].

The vast burden of osteoporosis congtitutes an increase in
morbidity and mortality [19], loss of quality-adjusted life-years
(QALYs) [20], and a continuous rise in the cost of health care
services, such as clinics, nursing homes, and hospitals[21,22].
It isagrowing global health concern, with the lifetime risk of
sustaining any fracture at approximately 50% for women and
20% for men in individuals aged >50 years living in Western
countries [23]. It has also been predicted to become an issuein
developing countries as the aging population rises. The risk of
fracture becomes higher as people age, especialy in
postmenopausal women [24].

https://www.researchprotocols.org/2021/10/€30131
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In 2011, osteoporosis-related QALY swere found to be 11,249,
with a projection of 13,205 and 15,176 for 2013 and 2020,
respectively, because of fractures. The results also suggest that
thereare more QALY sfor women (6028) than men (5221) [22].

As aglobal epidemic situation, the International Osteoporosis
Foundation suggests that 33% of middle-aged women and 20%
of men (aged >50 years) will have an osteoporotic fracture[25].
The disease constitutes an economic burden, particularly because
of the high cost of treatment. Over US $300 million per annum
is estimated to be spent on treating fractures, whereas the total
cost isestimated at US $1.15 billion per annum in health costs,
posing a heavy burden on health care service providersin New
Zealand [20].

Physical Activity

Physical activity is defined by the World Health Organization
asany “bodily movement of the skeletal muscle, which requires
energy expenditure” [26]. Physical activity enhances the
composition and function of the human skeletal system.
However, skeletal muscle performance also deteriorates with
age [27], and alack of exercise and physical activity has been
linked to bone loss and ultimately osteoporosis [28].
Osteoporosis may causefallsthat result in osteoporotic fractures
in older women.

Previous studies, including Cochrane reviews, have reported
the effects of physical activity on bone strength across the life
spans [29] of children and adolescents [30] as well as women,
especialy postmenopausal women [31-33]. A study from Italy
reported progressive resistance strength training of the lower
limbs to be most effective for the neck of the femur BMD in
patients with osteoporosis. In contrast, a multicomponent
training program was suggested for a spine BMD intervention
[34].

Neilson et a [35] have defined activity energy expenditure
(AEE) as“amaodifiable component of total energy expenditure
(TEE) derived from both volitiona and non-valitional
activities* Total energy expenditure comprises multiple
components, including physical activity energy expenditure,
resting energy expenditure, and the thermic effect of food [36].
Theimpact of physical activity hasbeen used to alleviate several
obesity-related diseases and the overall burden of diseasesin
men and women alike [37].

The Research

Overview

The gut microbiome could be a plausible target for the
modulation of bone disorders in the aged, as it has been
associated with the innate and adaptive immune system. Our
previous study inquired into the association between the gut
microbiome and bone health status based on the World Health
Organization classification of  osteoporosis among
postmenopausal women [38]. The relationship between the
composition and predi ctive function of gut microbiotain women
and their bone density, classified into healthy and osteopenic
or osteoporotic groups, was investigated. The findings of this
recent study showed that o diversity of the microbia profiles
differed based on the hip and femoral neck osteoporosis
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classifications. Meanwhile, 3 diversity principal component
analysis by using the Bray-Curtis index showed differences
based on femoral neck classifications. Positive correlationswere
observed between Lactobacillus, Bacillus, Paenibacillus, and
Geobacillus (all from the phylum Firmicutes) and BMD at all
sites. However, negative correlations were reported for
Bacteroides and Parabacteroides and al BMD sites [39,40].
This finding agrees with previous reports that showed the
importance of the Lactobacillus species in bone maintenance
[14,41]. This result was similar to that of Li et a [42], who
showed a hegative correl ation between Bacteroides and BMD.

In addition, astudy conducted with ovariectomized rats showed
the effects of probiotics, prebiotics, and synbiotics on minera
(calcium and phosphorus) metabolism and absorption. The
effectswere a so observed in the form of higher Bifidobacteria
and Bacteroides counts, lower pH, and reduced bone turnover.
Theintervention also resulted in atendency toward lower bone
alkaline phosphatase [43].

Therefore, modulation with a synbiotic food supplement and
weight-bearing low-impact exercise (interventions) can be used
to provide data that may contribute to improvements in

Ilesanmi-Oyelere et al

osteoporotic patient care. This study will use a prospective
stratified (by exercise history), randomized, 4-group
experimental design with 2 major data collection points (baseline
and week 12). Before randomization, participants will be
dtratified by exercise history (=2 high-intensity exercise sessions
per week and <2 sessions per week) using the International
Physical Activity Questionnaire to ensure equal distribution
among the 4 groups. However, all participants would be
permitted to continue their usual physical activity regime.

Research Questions

What are the effects of dietary interventionswith synbiotic food
supplements and wei ght-bearing exercises on bone metabolism,
gut microbiota, and micronutrient or inflammation status in
postmenopausa women? Do specific gut microbiotaalterations
moderate bone metabolism? How do individua differencesin
nutritional interventions affect gut microbiotaand, subsequently,
bone metabolism? Ultimately, can they be used as a treatment
for postmenopausal osteoporosis? Our principal hypothesisis
that improvement in bone heath, gut microbiota, and
inflammation status will be greater in participants randomized
to the synbiotic+exercise group compared with participantsin
the control, synbiotic, or the exercise groups (Figure 1).

Figure 1. Cartilage oligomeric matrix protein 4 Bones clinical study flowchart. BMD: bone mineral density; DXA: dual-energy x-ray absorptiometry;

IPAQ: International Physical Activity Questionnaire.
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Specific Aim

This study aims to examine whether supplementation of
fermented milk or dairy (yogurt) with a synbiotic
(probictic+prebiotic) and weight-bearing low-impact exercise
could be effective in achieving favorable changes in gut
microbiota, inflammation status, and biochemical indexes of
bone and joint metabolism.

Aim 1. to compare control, synbiotic, exercise, and
synbiotic+exercise groups based on changes in the gut
microbiota using 16S rDNA sequencing at baseline and week
12.

Aim 2. to compare control, synbiotic, exercise, and
synbiotic+exercise groups based on changes in inflammation
status (inflammatory cytokines) at baseline and week 12.

Aim 3. to compare control, synbiotic, exercise, and
synbiotic+exercise groups based on changesin bone formation
(procollagen type 1 N-terminal propeptide [PLNP]), resorption
(cross-linked C-telopeptide of type 1 collagen [CTx-I]), and
joint degradation (CTx-I1/COMP [cartilage oligomeric matrix
protein]) at baseline and week 12.

Aim 4. to compare control, synbiotic, exercise, and
synbiotic+texercise groups based on changes in body
composition (lean body mass and fat mass), total hip, femoral
neck, and spine BMD (DXA [duad-energy x-ray
absorptiometry]) at baseline and week 12.

Methods

Participants

The G*Power statistical software, version 3.1.9.7, developed
in Heinrich Heine University Diisseldorf, was used to calcul ate
the sample size using the bone biomarker CTx-I; arecommended
number of 36 women would be required for the study. However,
40 women aged >60 years will be recruited for each of the 4
groups to allow for a possible dropout rate of 10%. The test
groups will receive the synbiotic food supplementation and
exercise program (10,000 steps brisk walking per day required),
whereas the control group will receive a placebo and no
exercise; however, dietary intake and exercise will be monitored
by a 3-day diet diary and the International Physical Activity
Questionnaire. All study participants will read the information
sheet, and signed and written consent forms will be obtained
from them.

Inclusion Criteria

Theinclusion criteriainclude aconfirmed menopause diagnosis
(by an initial blood test—baseline screening—that includes
checking the levels of follicle-stimulating hormone [>30
miU/mL] and estrogen) of at least five years based on no
menstruation and the BMI of al participants will be between
17 and 35 kg/mz2.

Exclusion Criteria

The following criteria are to be confirmed by medical history
or measurements:

1. Useof HRT
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2. Biphosphonates in the past 6 months

3. Currently on estrogen, tamoxifen, aromatase inhibitors, or
other antiresorptive or anabolic treatments of osteoporosis

4. A liver function test or creatinine level above the normal
range, or any other history suggesting liver or kidney
disease to be confirmed by baseline screening

5. Incidence of diabetes mellitus by using the questionnaire
and baseline screening

6. Participants with an estimated BMD T score <-2.5 or
fragility fracture in the previous 6 months

7. Antibiotic intake in the previous 6 months

8. Smoking and intake of alcohol >2 units per day

The following criteria are to be confirmed by the baseline
guestionnaire:

1. Participants intake ability and allergic reactionsto probiotic
and prebiotic supplements

2. Intake of multivitamins and mineral supplements
(prescribed or over the counter), antibiotics, or use of any
other medication known to affect bone metabolism and/or
gut microbiota

3. Presence of any systemic disease

4. Use of any medications such as HRT, glucocorticoids,
estrogen, systemic cortisone, bisphosphonates, diuretics,
antibiotics (for the gut microbiota), or other steroid
hormones

5. Active physical activity, that is, =60 minutes of vigorous
or moderate activity for >3 days.

The Intervention: COPES-4-Bones Clinical Study

The study design is a randomized controlled trial (RCT). All
the volunteer participantsin thetria will undergo thefollowing.

Health Questionnaire and Health Screening

Blood Test for the Initial Baseline Screening

Fasting blood samples will be collected at baseline for (bone
biomarkers and inflammatory cytokines) routine laboratory tests
aswell as medical examinationsto ensure that the participants
are in good health. Abnormal results from this trial will be
recommended for discussion with their doctors.

Initial Anthropometry at Baseline

The body weight of participantswill be measured using aweight
scaleto the nearest 0.1 kg, and standing height will be measured
using a stadiometer to the nearest 0.1 cm wearing light clothes
and no shoes. BMI will be calculated as weight divided by
height squared (kg/m?). Waist to hip ratio will be determined
by measuring the waist and hip circumferenceto thenearest 0.1
cm using a nonstretchable tape. Other body composition
measurements will be analyzed with DXA.

Baseline Questionnaire

The baseline questionnaire will include the following:
sociodemographic, activity index and level, medications taken
in the last 6 months, smoking status, and alcohol intake.
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For Inclusion

Diet or Food Records

The dietary assessment of the intake of fermented milk and
dairy products, including total energy, protein, minerals, and
vitamin D, will be based on a 3-day diet diary. Face-to-face
interviews by the principal investigator will ascertain the food
record.

Venous Fasting

Blood, fecal, and urine samples will be collected at baseline
and week 12. Blood will be collected by aphlebotomist between
8 and 10 AM after 12 hours of fasting (overnight). Table 1
shows all the variablesthat will be measured, rationale, and the
methods to be used.

1. Fasting blood samples: blood samples will be collected at
baseline and week 12, the end of the study, for the
following:

»  Bonemetabolism markers: concentrations of serum or
plasma total osteocalcin, CTx-I, total PINP and
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25-hydroxyvitamin D will be measured using
immunoassay kits and Roche Elecsys.

»  Cartilage degradation markers: COMP precursor and
CTx-1I from serum will be measured.

» Parathyroid hormone and lipid profile tests will be
measured using immunoassay kits.

- Inflammation markers: concentrations of inflammatory
cytokines by BioL egend LEGENDplex Multi-Analyte
and hs-CRP (high-sensitivity C-reactive protein) will
be measured.

Spot urine samples: samples of amidstream urine specimen
voided spontaneously by the participants will be collected
at baseline and at the end of the study and tested for protein,
creatinine, and electrolyte content as well as CTx-1l by
ELISA (enzyme-linked immunosorbent assay).

Fecal samples: sampleswill be collected at baseline and at
the end of the study (week 12). The total genomic DNA
will beextracted, and 16sribosomal DNA will beamplified,
prepped, and sequenced.
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Table 1. Study outcome measures and rationale for use.
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Variables Rationale Methods Baseline  Week 12
Blood analyses
oc? Bone formation markers Electrochemiluminescence immunoassay using b a
theRoche COBASe411 system (Roche Diagnos-
tics)
PINF® Bone formation markers Electrochemiluminescence immunoassay using [ a
the Roche COBA Se411 system (Roche Diagnos-
tics)
cTx9- Bone resorption marker ELISA® O O
25(OH)Df Serum Vit D to determine the | sotope-dilution liquid chromatography-tandem [ O
amount of circulating vitamin mass spectrometry
COMP? Cartilage degradation markers ELISA O O
CTx-Il Cartilage degradation markers ELISA O
PTH" To assess the regulation of serum  Electrochemiluminescenceimmunoassay using [
calcium concentration the Roche COBA S e411 system (Roche Diagnos-
tics)
Lipid profile To assess the lipid profile Electrochemiluminescence immunoassay using [ g
theRoche COBA S e411 system (Roche Diagnos-
tics)
Inflammatory cytokines To assess the inflammatory status ~ BioLegend LEGENDplex Multi-Anayte O
hs-CRP To assess the inflammatory status  Electrochemiluminescence immunoassay 0
Gut microbiota data To determine changesin the bacteri-  16s ribosomal DNA O ad
a community
Diet diary To obtain dietary intake data 3-day diet diary
Exercise history record (I PAQJ) For initial randomization IPAQ O
Baseline questionnaire (sociodemo-  To obtain sociodemographic status  Questionnaires O O
graphic and medication history and history
record)
Wearable fitness tracker record To obtain exercise regime data Wearable fitness tracker ad
Adherence to synbiotic supplement Documentation of unused supple-  Record keeping O
and exercise ments or prescribed exercise session
attendance
Anthropometry Weight, height, and waist circumfer-  Tanita electronic scale and stadiometer ad g
ence measured by a researcher at
Massey University
DXAK BMD at thetotal hip, femoral, neck DXA using Hologic QDR series Discovery A, [ O
and spine (L1-L4) and body compo- Bone densitometer, and Apex system software
sition version 4.5.3
80C: osteocalcin.
B\/ariable accessed.

CPINP; procollagen type 1 N-terminal propeptide.

deTx: cross-linked C-telopeptide.

®ELISA: enzyme-linked immunosorbent assay.

f25(OH)D: 25-hydroxyvitamin D.

9COMP: cartilage oligomeric matrix protein.

PPTH: parathyroid hormone.

ihs-CRP: high-sensitivity C-reactive protein.
JIPAQ: International Physical Activity Questionnaire.
KDXA: dual-energy x-ray absorptiometry.
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DXA M easurements

Body composition, bone mineral content, BMD, and T scores
of the femoral neck, lumbar spine, and hip will be measured in
participants at baseline screening.

Table 2. Intervention and dose administered to participantsin each group.

Ilesanmi-Oyelere et al

All exercise intervention and synbiotic+exercise groups or
participants will be given a wearable fitness tracker to wear
during the exercise (brisk walking) of 10,000 steps. The Borg
Rating of Perceived Exertion will be used to calculate intensity.
Table 2 shows the interventions and dosage per participant.

Intervention and treatment groups Description Daily intake per day

Synbiotic «  Probiotic supplement « 10hillion colony forming units of Lactobacillus sp.
«  Prebiotic supplement « 8gramsof prebiotic fiber (inulin)

Exercise «  Weight-bearing exercise « 10,000 steps

Placebo « Placebo «  Placebo with maltodextrin

Statistical Analyses

G*Power statistical software version 3.1.9.7 developed in
Heinrich Heine University Diisseldorf was used to calculate the
sample sizeto ensure 95% Cl with an o value of .05. Werequire
36 participants for each group. The within-subject SD for the
primary outcome variables CTx-I and PANP with a correlation
of 0.5 was used. The number of volunteers was increased to 40
to alow for adropout rate of 10%.

The results will be presented as either percentages or mean
differences. Normality tests will be assessed through
Shapiro-Wilk tests carried out on each parameter before analysis.
The conventional analysis of variance (ANOVA) for RCT
analysis will be used, and ANOVA for repeated measures will
be applied to study treatment differences, period effect, and the
interaction between treatment and period (carryover effect).
IBM SPSS version 25 and Minitab statistical software version
19 (Minitab LLC) will be used for dtatistical analyses.
Comparing groups pretest with Mann-Whitney U test and then
comparing pre- and postintervention results with Wilcoxon is
one option and transforming datainto ranks and performing an
analysis of covariance (or ANOVA) is another option. All
analyses will be considered statistically significant at P<.05.

Results

Ethics and Collection of Data

Ethical approval for this study has been received from the Health
and Disability Ethics Committee of New Zealand. The
recruitment and collection of datawill beginin September 2021.
We aim to complete data collection by June 2022. Statistical
analyses, report writing, and dissemination of results are
expected to be completed by February 2023. Funding is being
sought for the study.

Expected Benefitsor Outcomes

The anticipated outcomes of this study are areduction in bone
turnover as measured using CTx-l as a marker, as well as a
reduction in inflammation (reduced or changed level s of specific
cytokines such as hs-CRP, IL-6, and TNF-a).

With menopause and the loss of estrogen, bone turnover
(formation and resorption) increases significantly. Over time,
because of increased levels of IL-6 and inflammation, bone

https://www.researchprotocols.org/2021/10/€30131

resorption (breakdown) overtakes bone formation, and this
increase in bone resorption can be measured using the marker
CTx-l. Severa studies over the past 20 years have shown that
areduction in CTx-l is associated with long-term changes in
bone density and areductionin fractures. CTx-l most sensitively
reflects the change in bone resorption after mineral
supplementation or increased absorption of calcium and can
predict therate of boneloss and fracturerisk in postmenopausal
women. CTx-1 may reflect parameters of bone strength unrel ated
to BMD, such asmicroarchitectural deterioration of bonetissue
resulting in microcracks that act as stress risers or trabecular
perforation.

Supplementation with asynbiotic will modify the gut microbiota
and improve calcium and magnesium absorption. Prebiotic
supplementation promotes bacterial growth that induces
nondigestible carbohydrate fermentation, increases short-chain
fatty acids (SCFAS), and reduces the pH of the gut, thereby
increasing calcium absorption. The reduction in pH promotes
the growth of bacteriathat arelesslikely to causeinflammation,
and SCFA s stimul ate the effects of anti-inflammatory cytokines.
Probiotic supplementation by Lactobacillus and Bacillus species
may promote an immunoprotective responsein the gut mucosa
by reducing the levels of systemic inflammatory cytokines and
preventing the reduction in bone density.

Discussion

Principal Findings

Degeneration of bone health in the form of osteoporosis,
osteoporatic fractures, and osteoarthritis are major health care
issues|eading to asignificant increasein morbidity and mortality
in New Zealand and all over the world. Similarly, the growing
number of patients with osteoporosis or osteoarthritisresultsin
huge health care costs. The aim is to measure the effect of
synbiotics, weight-bearing exercises (10,000 brisk walking steps
per day), or a combination of both on gut microbiota,
inflammation status, and bone health. This study is important
for severa reasons. This study is directed toward
postmenopausal women who have experienced a rapid phase
of bone loss 5 years postmenopause. The use of a synbictic (a
combination of probiotic and prebiotic) supplement is
particularly novel in the modulation of the immune system, gut
microbiota, and anti-inflammatory response. Studies are needed
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to measure the effects of synbiotic supplementation and
weight-bearing exercise on gut microbiota, inflammatory status,
and bone health. Randomization by exercise history will help
eliminate the effects of the previous exercise regime for the
study. There is a critical need for measures of bone turnover
and not BMD only as a primary outcome.

Theeffectsof probiotic or synbiotic supplementation on markers
of inflammation have also been reported. A reduction in
proinflammatory cytokines (eg, IL-13, TNF-a, IL-6, and IL-8)
and an increasein anti-inflammatory cytokines (I1L-10 and IL-4)
[44] were observed in responseto theseinterventions. Similarly,
studies have indicated the protective factors of probiotic
supplementation [45] and exercise in bone metabolism and
health [34]. Long-term participation in arelevant and targeted
exerciseregimeisknown toimprove bone mechanical properties
over time [46].

Synbiotics: Mechanism of Action

Prebiotic supplementation promotes bacterial growth that
induces nondigestible carbohydrate fermentation, increases
SCFAs, and reduces the pH of the gut contents, thereby
increasing calcium absorption. The reduction in pH promotes
the growth of bacteriathat arelesslikely to causeinflammation,
and SCFA s stimulate the effects of anti-inflammatory cytokines.
In addition, probiotic supplementation with Lactobacillus and
Bacillus speci es promotesimmunoprotective response or effects
in the gut, reducing inflammatory cytokines and preventing the
reduction in bone density [47].

Mar kers of Bone Turnover

Prediction of bone loss and risk of fracturesis conducted using
biomarkers of bone turnover independent of bone density in
women. The occurrence of menopause results in a period of
bone loss, where the rate of bone resorption exceeds that of
formation (approximately 5 years). A bone remodeling cycle
of formation and resorption takes place between 4 and 6 months,
replenishing approximately 5%-15% of the total bone massin
ayear [46]. These data provide the rationale for the length of
time and a comprehensive investigation of body composition
and bone turnover status in the study described here.

The strength of the RCT will account for exercise history and
the sample size and duration to ensure an adequately powered
sample needed to detect clinically and statistically significant
results.

Ethics and Dissemination

Ethics

The study received ethical approval from the Health and
Disahility Ethics Committee of New Zealand.

Ilesanmi-Oyelere et al

Safety and Data Monitoring

The principal investigator and team will monitor the conduct,
safety, and scientific integrity of the proposed clinical trial.
Routine laboratory measurements, including liver and kidney
function tests, blood glucose (nonfasting), and lipid profile
(triglyceride, total cholesterol, high-density lipoprotein
cholesterol, and low-density lipoprotein cholesterol) tests, will
be performed at baseline and 12 weeks. Individual swith results
that are outside the clinical rangewill be contacted and referred
to their general practitioner. The safety precaution will be to
inform all participantsto report any effects of treatment, and in
the unlikely event that 20% of the participants report severe
diarrhea, a discontinuation of the study will be triggered. Each
report will include the monitoring of compliancewith informed
consent and dligibility requirements, compliance with the
recruitment plan according to protocol, follow-up datacollection
according to the protocol, expected and actual accrual, protocol
violations, and patient withdrawals from the study.

Dissemination

A lay summary of the report will be communicated to all study
participants. The results of the study will also be disseminated
at various seminar presentations and feedback sessions at the
College of Health, School of Health Sciences, Massey

University, Palmerston North, New Zealand, and in manuscripts
that will be submitted to a peer-reviewed journal.

Strengthsand Limitations of This Study

This study was designed as an RCT to account for exercise
history, and the sample size and duration have been selected to
ensure an adequately powered sample needed to detect clinically
and statistically significant results. In this study, investigating
the effects of both prebiotics and probiotics with and without
weight-bearing exercise provides strong evidence for an RCT.
The limitation of the study lies in the inability to extend the
duration in terms of further follow-up.

Conclusions

Our research study aims to decrease the possibility of
osteoporotic fractures resulting because of the incidence of
inflammation and loss of bone mass by improving body
composition (lean and fat mass) among postmenopausa women
after =5 years. This study compares the effectiveness of
synbiotic supplementation and weight-bearing exercise
intervention, both of which may be used as a therapy for bone
health maintenance in postmenopausal women. To the best of
our knowledge, thiswill bethefirst RCT to analyze the effects
of both a synbiotic supplement and an exercise intervention in
postmenopausal women. On the basis of the results obtained,
acombination of synbiotic supplementation and exercise might
serve asanoninvasive approach to manage and/or improve body
composition and bone health in postmenopausal women.
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Abstract

Background: Tobacco kills more than 8 million people each year, mostly in low- and middle-income countries. In Vietnam, 1
in every 2 male adults smokes tobacco. Vietnam has set up telephone Quitline counsdling that is available to all smokers, but it
is underused. We previously developed an automated and effective motivational text messaging system to support smoking
cessation among US smokers.

Objective: The aim of this study is to adapt the aforementioned system for rural Vietnamese smokers to promote cessation of
tobacco use, both directly and by increasing the use of telephone Quitline counseling services and nicotine replacement therapy.
Moreover, we seek to enhance research and health service capacity in Vietnam.

Methods: We are testing the effectiveness of our culturally adapted motivational text messaging system by using a
community-based randomized controlled trial design (N=600). Participants were randomly allocated to the intervention (regular
motivational and assessment text messages) or control condition (assessment text messages only) for a period of 6 months. Trial
recruitment took place in four communesin the Hung Yen province in the Red River Deltaregion of Vietnam. Recruitment events
were advertised to the local community, facilitated by community health workers, and occurred in the commune health center.
We are assessing the impact of the texting system on 6-month self-reported and biochemically verified smoking cessation, as
well as smoking self-efficacy, uptake of the Quitline, and use of nicotine replacement therapy. In addition to conducting thetrial,
the research team also provided ongoing training and consultation with the Quitline during the study period.

Results:  Site preparation, staff training, intervention adaptation, participant recruitment, and baseline data collection were
completed. The study was funded in August 2017; it was reviewed and approved by the University of Massachusetts Medical
School Institutional Review Board in 2017. Recruitment began in November 2018. A total of 750 participants were recruited
from four communes, and 700 (93.3%) participants completed follow-up by March 2021. An analysis of the trial resultsisin
progress; results are expected to be published in late 2022.

Conclusions: This study examines the effectiveness of mobile health interventions for smoking in rural areas in low- and
middle-income countries, which can be implemented nationwide if proven effective. In addition, it also facilitates significant
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collaboration and capacity building among a variety of international partners, including researchers, policy makers, Quitline

counselors, and community health workers.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(10):€30947) doi:10.2196/30947

Clinical Trials.gov NCT03567993; https://clinicaltrials.gov/ct2/show/NCT03567993.
DERR1-10.2196/30947

KEYWORDS

tobacco cessation; smoking cessation; mHealth; global health; Vietnam; randomized controlled trial

Introduction

Methods

Background

Tobacco is a leading preventable cause of mortality, killing
more than eight million people each year, mostly in low- and
middle-income countries [1]. Although effective smoking
cessation aids are available [2], the use of pharmacological
cessation aids combined with behavioral counseling doubles
the chances of successfully achieving long-term cessation [3].
Unfortunately, these treatments are often underutilized,
especially inlow- and middle-income countries, where the rates
of tobacco use are high. In Vietnam, 44% of men and 1% of
women smoke[4]. Evidence-based interventionsare underused
in Vietham: only 24% of smokers have used nicotine
replacement therapy (NRT), patch, or chewing gum; less than
1% have used prescription medication to try and stop smoking;
and only 3% of smokers attempting to quit in Vietnam report
receiving counseling [5]. Most smokers in rural Vietnam are
thinking of quitting but are not ready to quit the next month [5].
In 2015, the Vietnam Ministry of Health established two
telephone Quitlines, based in northern Vietnam (the Bach Mai
Hospital’s Quitline) and southern Vietnam (the Binh Dan
Hospital’s Quitline) to engage and motivate Viethamese
individuals to quit smoking cigarettes. However, these services
are underused, and interventions are needed to improve the
uptake of these Quitlines and improve the quitting rate in
Vietnam.

Objectives
The objectives of this study are as follows:

- To adapt an existing cessation texting system that has
proven effectivein the United States [6] to the Vietnamese
context, encouraging smokers in rural settings of northern
Vietnam to accept counseling services from the existing
Bach Mai Hospital Quitline and motivating smokersto quit.

« To conduct a randomized controlled trial to test the
effectiveness of the adapted motivational text messaging
intervention in improving smoking cessation in a sample
of 600 rural Vietnamese smokers.

- To implement capacity building activities for staff at the
Bach Mai Quitline.

We hypothesize that participants in the intervention arm will
have higher rates of cessation and higher smoking self-efficacy
and that they will engage more frequently with the Quitline
counseling and NRT services.

https://www.researchprotocols.org/2021/10/€30947

Intervention Development and Adaptation

I ntervention Overview

In this study, participants are randomized to receive either (1)
motivation and assessment text messages that encouraged
smoking cessation via Quitline service and NRT engagement
(intervention group) or (2) assessment text messages only
(comparison group). The text message system is intended to
encourage the uptake of cessation services and is, hence, an
augmentation of, not a replacement for, regular appropriate
clinical services.

Message Content and Sequencing

Our message database from a prior study in the United States
included both expert and peer-written messages. The
expert-written motivational messageswereiteratively developed
through a group review, with content guided by current
guidelines and social cognitive theory [7]. The peer messages
were advice messages written by smokers to other smokers.
The combination of these messagesincreased smoking cessation
rates in our prior US study. Expert-written messages provided
important theory- and guideline-based health information to the
participants. The peer messagestouched on more social aspects
(dealing with family and cost) than expert messages and
increased longitudinal engagement of theintervention compared
with the expert messages[7].

We used a two-step process to develop a similar database for
this study in the Vietnamese language. First, we adapted the
expert-written motivational messages that were previously
developed in English iteratively through a group review, with
content guided by current guidelinesand social cognitive theory.
After themessageswere professionally trandated to Vietnamese,
consultants (former smokers who had used the Bach Mai
Quitline services) and professionals reviewed the existing
messages and were asked to identify messages that they liked
and disliked. Deriving culturally appropriate message content
using peer messages was especialy important in this study
because it was the first time that the intervention had been
implemented in Vietnam. Therefore, 10 consultants (former
smokers who had used the Quitline in Vietham) were invited
to draft new text messages based on prompts such as“| called
the Bach Mai Quitlinewhen...” and 1 quit smoking because..”
The research team then eliminated messages that were
incomplete, unclear, or clearly redundant and established a set
of shortlisted messages. This processis outlined in the Results
section.
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In addition to these one-way motivational text messages, the
research team developed a series of two-way assessment
messages in Vietnamese. All participants (intervention and
control arms) received the following text message every two
weeks: “How many times have you smoked tobacco in the past
24 hours?’ while intervention participants also received a
Quitline-related question every other week: “Would you like a
call from a Bach Mai Quitline smoking counselor?’ If they
replied with a “yes,” the Quitline would call them back. The
final sequences of the messages were collaboratively reviewed
and approved by the research team.

Bach Mai Quitline

Quitlines have been demonstrated to be an effective intervention
for smoking cessation [8]. Trained counselors can help callers
select the appropriate cessation services for them and can offer
call-back strategies to maximize adherence to NRT and help
with relapse prevention. Interventions to increase the use of
Quitlines have included connecting with clinics and email and
text motivational reminders [9]. The Bach Mai Quitline in
Vietnam is staffed by certified tobacco treatment specialists
(registered nurses and public health professionals) who have
been trained in principles of motivationa interviewing, evidence
of the risks associated with tobacco, benefits of phone-based
counseling, and strategies summarized in the 2008 US Treating
Tobacco Use and Dependence guidelines[10] including the 5As
(Ask, Advise, Assess, Assist, and Arrange) and the 5Rs
(Relevance, Risks, Rewards, Roadblocks, and Repetition). In
this study, the team at the University of Massachusetts Medical
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School (UMMYS) conducted site visits and additional training
for the Bach Mai Quitline staff. This additional training totaled
10 hours, used a combination of didactics and role plays, and
covered topics such as pharmacotherapy, behavioral
interventionsfor smoking cessation, motivational interviewing,
individual counseling, tel ephone counseling, and the association
between tobacco use and COVID-19. During thetrial, Quitline
counselors were able to facilitate NRT for participants at no
cost.

Trial Design

Trial Design Overview

The study design is a two-arm randomized controlled trial of
600 participants (300 participantsin the intervention group and
300 in the comparison group) from Hung Yen province of
Vietnam (Figure 1). The intervention group received one-way
motivational text messages (seven in the first week, two per
week in weeks 2-26) to promote cessation and provide
encouragement to access Quitline and free NRT. They aso
received weekly two-way assessment text messages asking how
many times they had smoked tobacco in the past 24 hours and
whether they would like to receive a call from the Quitline,
which is then provided. The control group received
twice-monthly two-way assessment text messages asking how
many timesthey have smoked tobacco in the past 24 hours. The
study is being implemented by the Institute of Population,
Health, and Development (PHAD), Hanoi, Vietham, and is
based on a long-term partnership between the Institute and
UMMS.
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Figure 1. Study scheme. * The intervention group received one-way motivational text messages (seven in the first week, two per week in weeks 2-26)
to promote cessation and provide encouragement to access Quitline and free nicotine replacement therapy. They al so received weekly two-way assessment
text messages asking how many times they had smoked tobacco in the past 24 hours and whether they would like to receive a call from the Quitline,
which is then provided. **The control group received twice-monthly two-way assessment text messages asking how many times they have smoked
tobacco in the past 24 hours. SEQ-12: 12-item Smoking Self-Efficacy Questionnaire.
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verified; Self-efficacy (SEQ-12); Quitline use

Study Setting and Inclusion Criteria

Hung Yen province has a population of about 1.2 million,
organized into 10 districts and 161 communes. In Hung Yen
province, the vast mgjority of the residents have amobile phone.
Participants are recruited from four communities (communes)
in Hung Yen province: Binh Minh, Viet Hung, Tan Viet, and
Bach Sam. Each of the selected communes satisfy thefollowing
criteria: (1) have a community health center with a medical
doctor; (2) are not currently participating in other studies for
smoking cessation; and (3) have a minimum geographic
separation of 12 km (7 miles) from all other study communes
to minimize possible contamination. To beenrolled inthistrial,
consenting adult men and women need to fulfill each of the
following criteria: (1) be aresident of the selected commune,
(2) be acurrent smoker, (3) be ableto receive text and read text
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(literate), (4) not be cognitively impaired, (5) not be a smoker
who helped develop the motivational texts used in the
intervention, and (6) not be a family member of another
participant in the study. Sex is not an €eligibility criterion, but
rates of smoking among women are very low in Vietham;
therefore, the sampleislikely to be overwhelmingly male.

Recruitment Approach

At the beginning of the study, al study personnel and
community and Quitline collaborators were trained carefully
about the study protocol and standard operational procedures.
Advertising of the study is conducted by health workers at
community health centers and community health workers.
Recruitment events are held at the commune health center on
an approximately monthly basis. Interested individuals are
screened for eligibility by study staff, who then explain the
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study to them. If they are eligible and willing to participate,
they receive further details about the purpose of the research;
procedures involved; their right to decline to participate and
withdraw from the research at any time; potential risks,
discomfort, or adverse effects; prospective research benefits;
incentives for participation; and research participants' rights.
Participants receive either a token of mobile telephone credit
for participating or abasic phonethat can be used for texting if
they do not have a phone. The participants then sign a consent
form and proceeded to the baseline assessment and random
assignment. Protocol fidelity is determined by the Vietnam
coinvestigators who directly monitor 20% (150/750) of all study
enrollment and follow-up visitsand compl ete afidelity checklist.

Randomization

All participants are told that they will be randomized to either
the intervention or the comparison group. The alocation of
participantsto study armsis based on a permuted block scheme
in which treatment assignments are made within blocks so that
the numbers assigned to each treatment arm are equal after a
block has been filled. Blocks of various sizes (2, 4, and 6) are
used in random order to facilitate alocation concealment. At
the end of the baseline assessment survey, the research staff
enter the participant D and participant mobile phone number
from the survey into our texting system, which references the
next allocation within the table and adapts based on the
allocation assignment. Using this technique, both participants
and research staff are blinded to the allocation during theinitial
session. The research staff are blinded to alocation when
assessing outcomes.

I ntervention Condition

Participants who are randomized to the intervention arm receive
one motivational text message per day in the first week of the
trial and two motivational messages per week for the next 25
weeks. They also receive weekly two-way assessment messages
(described above) that ask the participant whether they have
smoked recently and if they would like to receive a call from
the Quitline. If they say “yes,” the Quitline callsthe patient and
offers counseling and access to free NRT. Participants who are
randomized to an intervention condition receive encouragement
(eg, motivational texts) and the participants themsel ves choose
whether and when to engage in some levels of the intervention
(Quitline, NRT) either by texting back to request a call or by
caling the Quitline directly. The advantages of this
encouragement design arethat it provides an indication of uptake
or participation, allowing variability in uptake of intervention
components and providing an assessment of intervention reach
and effective dose.

Control Condition

Participants who are randomized to the comparison condition
receive only atwo-way assessment question every two weeks,
asking if they have smoked recently. Participants in the
comparison group are not specifically being encouraged by the
research team to seek Quitline counseling or NRT, but they
could proactively seek it from the local clinic or from the
Quitline.

https://www.researchprotocols.org/2021/10/€30947

Larkin et al

Sample Size and Power

Our calculations are based on several assumptions. We have
estimated the control cessation rate to be 10% in the comparison
group, and based on our prior similar trials, we have derived a
9% differencein intervention and control. With asample of 600
participants who are randomized 1:1 to the intervention and
comparison conditions, we are able to detect a 10% difference
between groups (two-sided chi-square test, a=.05) with 91%
power. On the basis of previous studies, we estimate that there
will be about 15%-20% attrition. Thus, although we require a
sample size of 600 partici pantsto complete a6-month follow-up,
we plan to randomize 750 participants at baseline (Figure 1).
Wewill monitor recruitment and retention and inflate our sample
as needed to achieve the resulting sample of 600 participants
completing the 6-month follow-up.

Data Collection

All patient-facing documents are translated into Vietnamese by
a certified and qualified trandator. All translators are native
speakers of Vietnamese and members of the American
Translators Association. Once translated, the documents are
edited by an accredited second language expert for readability,
terminology, and accuracy. The materials are then proofed for
completeness, formatting, and layout. All translated materials
receive acertification of accuracy from the trandlation company.

Baseline data are collected by the research staff during
commune-based enrollment events. Baseline data collection
includes patient demographics, comorbidities, technology use,
and Quitline use. Participants are asked about their level of
readinessto quit (response options: not thinking about quitting,
thinking about quitting, setting a quit date, quitting smoking
today, and having aready quit smoking), former quit attempts,
and current smoking habits (how many cigarettes smoked per
day, other tobacco products used, how soon after they smoke,
how old they werewhen they first smoked, and how many years
they smoked every day). Participants are asked how many of
their immediate family members, extended family members,
close friends, friends, acquaintances, and coworkers smoke.
Social support for quitting is measured using the shortened
partner interaction questionnaire[11] for those who are married
or partnered. Smoking cravings are assessed using the brief
10-item version [12] of the Questionnaire of Smoking Urges
[13], which retains the two-factor structure of the original and
has high internal consistency [12]. At baseline, we aso
administer the 12-item Smoking Self-Efficacy Questionnaire
(SEQ-12) [14], a questionnaire with two subscales measuring
confidence in the ahility to refrain from smoking when facing
internal and external stimuli, respectively. The scale has high
test-retest reliability and is predictive of future cessation, and
the subscales have good internal consistency [14].

Study Outcomes

The primary outcome of the study is the tobacco cessation rate
at 6-month follow-up. At the follow-up research visit, the
research staff determines current smoking through self-report
based on the following question, “Do you currently smoke
tobacco (smoked even 1 puff of tobacco in the last 7 days)?’
(yes or no), and then verify with a carbon monoxide breath
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monitor. Patients who respond “no” to smoking are now
classified asnonsmokersif their carbon monoxide measurement
islessthan 10 ppm [15]. Secondary outcomes are changesfrom
the baseline in self-efficacy on the SEQ-12 and Quitline use.
We will aso report on follow-up measurements of the Brief
Questionnaire on Smoking Urge, NRT use, details of quit
attempts, and smoker perceptions of theintervention. Attendance
at follow-up eventsisencouraged by community health workers,
and those who do not appear are offered the opportunity to
complete the measures by telephone. In similar studiesin this
region, retention has been very high.

Throughout the 6-month participation period, we will collect
additional assessment data through the assessment texts,
including measures of abstinence assessments, and interest in
and use of the Quitline. Quitline staff record details of intake
assessment (number of calls, smoking status, and method used
to quit if applicable) and fidelity of follow-up call completion.
They also document referralsfor the NRT. Dataare entered into
a secure data management system, with double-data entry
occurring on a subset of participants to ensure accuracy or data
entry.

Adherence and Monitoring

Given that theinterventionislow-risk, participants are unlikely
to be withdrawn from the trial on the basis of safety concerns.
Participants may withdraw at their own request. Participants
are free to engage in other smoking cessation-related care and
interventions during their participation. A number of actions
are being taken to monitor and ensure adherenceto intervention
protocols. Research staff are trained on responsible conduct of
the research. Consent materials are uploaded to a secure data
capture system and reviewed by the project director. A sample
of 20% (150/750) of enrollments are monitored by the site
principal investigator, who then completes an adherence
checklist. For the texting system, the programmer can monitor
the texts being sent and received.

Data Analysis

All primary analyses will be conducted on an intention-to-treat
basis. However, secondary analyseswill explore dose-response
effects among those with variable levels of adherence to the
intervention. All analyses will be two-sided, and the a error
will be set at .05. We begin the statistical analysis by examining
the univariate statistics and distributions. We will examine the
balance of participant characteristics by study groups and
account for any imbalances in our multivariable analysis. As
appropriate, group differences will be tested using chi-square
tests of independence, Z-test or t test (two-tailed), or the
equival ent nonparametric tests depending on the distribution of
the variables. In accordance with best practice, differencesin
baseline characteristics of the intervention and comparison
groups will be established based on standardized differences
rather than on tests of statistical significance [16,17].

The primary outcome was the patient tobacco cessation rate
(quit rate) at 6 months follow-up visit and will be compared
using a two-sided chi-square test. We will include a
multivariable logistic regression model to adjust for any
potential confounding factors, if needed. As a secondary
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outcome, we will compare self-efficacy between intervention
and control conditions: means on the SEQ-12 (and its subscal es)
will be compared between the intervention and control groups
over time using repeated-measures anaysis of variance and
Student t test. A generalized linear model for repeated measures
will be used to adjust for potentia confounding factors, if
needed. There are no planned interim analyses, but they may
be requested or approved by the Data Safety and Monitoring
Board.

Ethics and Confidentiality

The study has been approved by the institutional review board
(IRB) at the UMMS (H00012953) and the Institute of
Population, Health  and Development, Vietnam
(PHAD-2017/M2Q2-01). All important protocol modifications
are approved by the IRB and registered with Clinical Trial s.gov.
Research assistants provide a brief overview of the study,
including the reason the study is being performed, adescription
of the study design, and the participant’srolein theinvestigation
if he or she decides to participate. The participant is informed
of the potential benefits of the study. The patient is aso
informed that the design of the study requires collection of
personal identifiers of the safeguards in place to protect that
information, and of his or her right to withdraw from the study
at any time (at which point all personal identifier data collected
will be destroyed). All participants provided written informed
consent for study inclusion, administration of surveys, and
carbon monoxide verification. At any time, participants may
withdraw their consent.

All data are obtained by trained study staff and entered directly
into electronic forms on a secure website designed for this
purpose. We have created a texting service that is responsible
for sending text messages, as well as receiving the assessment
text responses (ratings and time to first quit). The software
program we devel oped uses a secure application programmable
interface to forward the patient’s phone number and send and
receivethetexts. The motivational messages do not contain any
personal health information, and the texting service does not
store the phone numbers (phone number dataare not transferred
to any site outside of Vietnam). Participants are informed of
the potential risk of confidentiality of sending and receiving
text messages during the informed consent process.

Participants are identified with a study number: the key is
located centrally and securely and is accessible only to certified
study personnel on an as-needed basis. All patient contact,
including consent, interviews, and all study procedures with
human subjects occurred onsite in Vietham. All data are
deidentified according to Health Insurance Portability and
Accountability Act (HIPAA) standards before transfer to the
investigators and staff for analytical purposes. Personal
identifiers are abstracted onto separate confidential forms and
are not transferred outside Vietnam. All records consisting of
personal identifiers will be destroyed upon completion of the
study. The data are stored in a HIPAA-compliant regulated
environment and access will be only through a secure virtual
private network. All the related identifiers of the participants
are encrypted in the database.

JMIR Res Protoc 2021 | vol. 10 | iss. 10 |[e30947 | p.78
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Safety and Adver se Events

Asthistrial isaphase 3 study including NRT and our behavioral
intervention, we have established a Dataand Safety Monitoring
Board (DSMB). The DSMB is charged with reviewing protocols
and consent documents for this trial, monitoring safety issues
throughout the study, and the quality of the accumulating data,
providing guidance on interim analyses and stopping rules. The
DSMB comprises persons with no direct involvement in the
study or conflict of interest with the research team conducting
the randomized trial and has the authority to halt the tria as
needed.

Participantswho call the Quitline may receive over-the-counter
NRT in the form of nicotine lozenges at 4-mg doses. The risk
of NRT has been evaluated in detail: as this treatment has less
nicotine than cigarettes, it is in general a risk reduction from
active smoking. All participants who had a Food and Drug
Administration contraindication to nicotine lozenge are
excluded. Patients may become uncomfortable when asked
about psychosocial factors such as smoking cravings or urges
and are reminded repeatedly that they are under no obligation
to respond to any question, and interviewers are trained and
supervised in appropriate interview techniques. The principal
investigator monitors all adverse events; all adverse events,
both serious and nonserious, are summarized in the report to
the IRB committee for annual study review and renewal.

Patients are given up to 6 weeks of NRT if requested during the
study period, and free NRT is not maintained beyond the study
period; participants revert back to usual care at their community
health centers after the end of their involvement in the study.
Participants in the comparison condition are allowed (but not
actively encouraged or facilitated) to engage with the Quitline
if they choose.

Results

Intervention Development and Adaptation

After existing candidate messages were professionally trandlated
to Vietnamese, 14 consultants (former smokers who had used
the Bach Ma Quitline services) and 7 professionas (5
counselorsand 2 doctorsfrom the Bach Mai Quitline) reviewed
the 126 existing messages and were asked to identify messages
that they liked and disliked. Reconciling the two sets of
messages through a group review, there were 20 text messages
that were disliked by none of the consultants or Quitline
counselors, and these were identified for inclusion in the
message pool. The message writing exercise with 10 former
smokers led to the creation of 238 new smoker-written
messages. After eliminating messages that were incomplete,
unclear, or clearly redundant, a set of shortlisted messages was
reviewed independently by researchers for preference and the
top 44 messages were identified for inclusion in the message
pool. Between the expert-written messages and the
smoker-written messages, atotal of 57 messages were selected
for the intervention: seven messages to be sent during week 0
of theintervention, and two messages per week to be sent during
weeks 1-25 of the intervention. The messages reflected severa
themes: calling the Quitline and Quitline as hel pful, knowledge
and health risks, self-efficacy and motivators, role of family,
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and quitting tips. The final messages were reviewed by a
researcher who sequenced them using a social cognitive
approach, for example, messages related to knowledge and
health risks occurred earlier in the sequence and quitting tips
occurred later in the sequence. The following are examples of
motivational text messages received by the intervention group.
The text messages were trandlated from Vietnamese and the
original text can be found in Multimedia Appendix 1.

- “The following message was written by a smoker in your
community...I felt like the counselors at the Bach Mai
Quitline are close asfamily members, who want to help me
to quit smoking.”

- “Thefollowing message waswritten by atobacco cessation
expert...Most people make repeated quit attempts before
they are successful. You can succeed. Your doctor is
available with treatment options and support to help you.”

- “The following message was written by a smoker in your
community...Thinking about my family, my children, my
grandchildren and people helped me stay focused on
quitting.”

Trial Status

The study wasfunded in August 2017. The study wasreviewed
and approved by the University of Massachusetts Medical
School IRB in 2017. Recruitment began in November 2018. As
of March 2021, 750 participants have been recruited from four
communes, and a total of 700 (93.3%) participants completed
the follow-up. An analysis of the trial results is in progress;
results are expected to be published in late 2022.

Discussion

Summary

Mobile health M essaging to Motivate Quitline Use and Quitting
(M2Q2) will examine whether a motivational text messaging
intervention is effective in promoting cessation and treatment
uptake among Vietnamese smokers. It is a unique opportunity
to engage achallenging popul ation of rural Vietnamese smokers
in anovel intervention. This study examines the effectiveness
of aculturally tailored text messaging intervention to motivate
tobacco cessation and connect smokers to underused Quitline
and NRT.

Limitations

This study has several limitations. First, the study applies
randomization at theindividual level, allowing for ample power
and a rigorous approach; however, it is possible that the
close-knit nature of these rural communities causes participants
to share information during the follow-up period, resulting in
unintentional unblinding to alocation and contamination.
Second, the global COVID-19 pandemic occurred during the
trial, and Vietnam adopted stringent infection control measures
in response. Recruitment was paused for amatter of weeks, but
our original targets and retention rates did not appear to have
been profoundly affected. COVID-19 rates were relatively low
inVietnam, but wewill still test the potential confounding effect
of the pandemic in our analyses, given the potentia effect of
COVID-19 on cessation ratesin the comparison group. Finally,
the study islimited to amoderate follow-up period of 6 months,
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rather than alonger follow-up period. In conclusion, thisstudy <  Substantial contributions to conception and design, or

examines the effectiveness of potential mobile health acquisition, analysis, or interpretation of data
interventions that can be implemented nationwide in Vietham «  Drafting of the study or critical revision for important
and in other diverse populations that bear significant burdens intellectual content

from smoking. - Final approval of the version to be published

Di ination Pl - Agreement to be accountable for all aspects of thework in
Issemination Flan ensuring that questions related to the accuracy or integrity

We will present our work at relevant scientific conferences and of any part of the article are appropriately investigated and
publish our resultsin peer-reviewed literature. Manuscripts and resolved

other products arising from the study will be produced by the
research team and will not involve professional writers. In line
with guidelines from the International Committee of Medical
Journal Editors, authorship will be contingent on the following
criteria:

In conclusion, mobile interventions for smoking cessation in
low- and middle-income countries have been shown to be
feasible and acceptable[18,19]. We anticipate that the culturally
tailored M 2Q2 intervention will promote tobacco cessation and
treatment uptake in smokersin Vietham.
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Abstract

Background: Consistent and compelling evidence demonstrates that social and economic adversity has an impact on health
outcomes. In response, many health care professional organizations recommend screening patients for experiences of social and
economic adversity or social risks—for example, food, housing, and transportation insecurity—in the context of care. Guidance
on how health care providers can act on documented social risk datato improve health outcomesisnascent. A strategy recommended
by the National Academy of Medicine involves using social risk data to adapt care plans in ways that accommodate patients
socia risks.

Objective: This study’s aims are to develop electronic health record (EHR)—based clinical decision support (CDS) tools that
suggest social risk—informed care plan adaptations for patients with diabetes or hypertension, assess tool adoption and itsimpact
on selected clinical quality measuresin community health centers, and examine perceptions of tool usability and impact on care
quality.

Methods: A systematic scoping review and several stakeholder activities will be conducted to inform development of the CDS
tools. Thetoolswill be pilot-tested to obtain user input, and their content and form will be revised based on thisinput. A randomized
quasi-experimental design will then be used to assess the impact of the revised tools. Eligible clinics will be randomized to a
control group or potential intervention group; clinicswill be recruited from the potential intervention group in random order until
6 are enrolled in the study. I ntervention clinicswill have accessto the CDStoolsin their EHR, will receive minimal implementation
support, and will be followed for 18 months to evaluate tool adoption and the impact of tool use on patient blood pressure and
glucose contral.

Results: This study was funded in January 2020 by the National Institute on Minority Health and Health Disparities of the
National Institutes of Health. Formative activities will take place from April 2020 to July 2021, the CDS tools will be devel oped
between May 2021 and November 2022, the pilot study will be conducted from August 2021 to July 2022, and the main trial will
occur from December 2022 to May 2024. Study data will be analyzed, and the results will be disseminated in 2024.
Conclusions: Patients' social risk information must be presented to care teams in a way that facilitates socia risk—informed
care. To our knowledge, this study is the first to develop and test EHR-embedded CDS tools designed to support the provision
of social risk—informed care. The study results will add a needed understanding of how to use social risk data to improve health
outcomes and reduce disparities.

International Registered Report Identifier (IRRID): PRR1-10.2196/31733
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Introduction

Background

The conditions in which people live, work, and play—known
associa determinantsof health (SDH)—have well-documented
impacts on health care access and quality and also on health
outcomes [1-3]. SDH are shaped by broader social, economic,
and structural forcesand contribute to long-standing, avoidable
health disparities and inequities [2]. Given the growing
recognition of the impact of SDH on health, many health and
health care professiona organizations (eg, the American College
of Physicians and the National Academy of Medicine) now
recommend systematically screening for and documenting
patients' experiences of social adversity, including social risk
factors related to food, transportation, and housing insecurity,
in electronic health records (EHRS) [4-8]. As socia risk data
become more available in EHRS, it isimportant to understand
how care teams can use this information to improve patient
outcomes, which might reduce related health inequities.

A 2019 National Academies of Sciences, Engineering, and
Medicine [9] report on integrating social and medical care
describes arange of usesfor reported socia risk datain clinical
settings. One such useisto provide or link patientswith reported
social risks to relevant social services, such as providing food
resourcesto food-insecure patients or otherwisetargeting social
risks within the context of care delivery (social risk-targeted
care). The National Academies of Sciences, Engineering, and
Medicine report also describes a category of interventions that
use social risk data to adapt care plans to account for a given
patient’ssocial risks(social risk—informed care) [10]. Research
on social risk—targeted care suggests that linking patients with
social needs to specific social services can improve health
outcomes [10-13]. Far less is known about the adoption and
impact of social risk—informed care, athough such care plan
adaptations might improve health for individual patients and
contribute to reducing disparitiesin care outcomes. For example,
a social risk-informed care plan adaptation for a patient
experiencing homel essness might involve avoiding refrigerated
medications; for a patient with diabetes and food insecurity, it
might include modifying insulin doses based on monthly food
benefit schedules [14,15]. A series of studies in the Veterans
Health Administration system found higher rates of positive
clinical outcomes associated with socia risk—informed care
plan adaptations [16-20]. However, care that incorporates
information about patients' social context is not systematically
incorporated into chronic disease management. Previous
research found that socia risk—informed care occurs only
15%-22% of thetime in diverse care settings [21,22].

Social risk information must be presented to care teams in a
manner that is useful to them and does not disrupt clinical
workflows to encourage the systematic delivery of
contextualized, social risk—informed care. Numerous studies

https://www.researchprotocols.org/2021/10/e31733

have shown that clinical decision support (CDS) toolsembedded
in EHR systems can enhance care quality by providing clinical
infformation to care teams aong with suggestions on
evidence-based actionsrelevant to agiven patient's care [ 23-29].
Such tools can include reminders about overdue screenings,
summaries of a given patient's health risks, and care
recommendations per current guidelines. However, to our
knowledge, the use and impact of EHR-based CDS to support
the provision of contextualized, social risk—informed care has
not been assessed.

Objectives

This paper describes the protocol for a Nationa Institutes of
Health (NIH)-funded study (COHERE; Contextualized Carein
Community Health Centers Electronic Health Records;
R0O1MDO014886) designed to develop and test CDS tools that
present care team members with a given patient’s social risk
information and both recommend and facilitate care plan
adaptations based on those risks. This study will test the
hypothesis that providing CDS that alerts care team members
to patients' known social risks and recommends relevant care
plan adaptations will result in improved health outcomes. This
study’sfocusis on hypertension and diabetes control; however,
theresultswill haveimplicationsfor awide range of morbidities.

Methods

Setting

The study will be conducted among community health centers
(CHCs) that are members of OCHIN (not an acronym). OCHIN
is a nonprofit health center—controlled network that hosts a
single Epic EHR for >600 primary care CHCs located across
the United States. As part of previous NIH-funded studies
(1R18DK 105463 and 1R18DK114701) and OCHIN’s ongoing
CHC-centric EHR modifications, a suite of EHR tools was
designed to enable documentation of social risk data and the
provision of related referrals [23,30-33]. These tools were
activated OCHIN-widein June 2016; asof April 2021, >700,000
social risk screening results in >400,000 unique patients have
been documented using these tools. The tools were adapted as
their implementation was based on user input and to ensure
alignment with the Epic EHR’'s 2018 social determinants
module. At present, the tools enable users to flag targeted
patients for social risk screening, select from several screening
tools (Protocol for Responding to and Assessing Patients
Assets, Risks, and Experiences; the Centers for
Medicaid/Medicare Services' Accountable Health Communities
screening tool; social risk questions from the Ingtitute of
Medicine [now the National Academy of Medicine]; or
individual social risk domains) [34-37], enter patient-reported
socia risk data via severa interfaces, and allow patients to
self-enter data through the patient portal or at the point of care.
The tools can also be used to document patients' priorities
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related to social needs and interest in related referrals. In the
trial described here, the CDS tools to be devel oped and tested
will draw information on patient-reported social risksfrom data
documented through these existing tools.

Conceptual Guide

The conceptual framework proposed by DeVoe et a [38] for
integrating SDH into primary care practice will guide the design
of this intervention. A modified version of this framework

Gold et al

(Figure 1) shows that data on self-reported social risks can be
used to affect health care quality and outcomes either through
panel management (eg, focused outreach) or at the point of care
of individual patients through socia risk—targeted care and
social risk—informed care. This study focuses on EHR tools
designed to facilitate point-of-care applications for social risk
data, which have been proposed in theory but never formally
tested.

Figure 1. Social risk data and targeted or informed care (adapted from DeVoe et a [38]).

STEP 1:
Collect and organize
social risk data

Data on community characteristics
(Imported from public datasets)

Patient-reported social risk data

= ——

STEP 2:
Present social risk data in
clinic workflows

Point of care - individual patients

Panel management -
patient populations

—

STEP 3:

Social risk data triggers
automated support
and action

Social risk-targeted care
(Refer to social services)

Social risk-informed care
(Modify clinical practice
and recommendations)

STEP 4:
Patientand provider
outcomes are improved

Improved: Patientand provider engagement; provider and patient
adherence with practice guidelines; patient health outcomes

Study Design

A randomized quasi-experimental design will be used to assess
the impact of the newly developed CDS tools designed to
support socia risk—informed care. Before beginning the main
trial, several formative activities and a pilot study will be
conducted.

Formative Phase

First, potential care plan adaptations will be drawn from a
systematic scoping review of socia risk—informed care
recommendationsincluded in national hypertension and diabetes
guidelines and our team'’s prior research. Second, diverse CHC

https://www.researchprotocols.org/2021/10/e31733
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staff and patientswill be asked to review and prioritize potential
care adaptations. CHC staff will be invited to provide input
through a stakeholder committee, whereas patients will be
engaged using OCHIN’s established patient engagement panel.
This process will help the research team determine (1) which
social risks the study’s CDS tools will include, (2) the specific
content of the CDS tools, and (3) the preferred form in which
the CDS tools should appear in the EHR. The tools will then
be pilot-tested for 12 monthsin three CHCs and further refined
based on extensive user feedback from these pilot sites. Figure
2 outlines our process for developing the tools in preparation
for the main trial.
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Figure 2. Steps involved in developing the clinical decision support tools. CDS: clinical decision support; CHC: community health center; EHR:
electronic health record; NASEM: National Academies of Sciences, Engineering, and Medicine; SDH: socia determinants of health [39,40].

review of social risk—related
care plan adaptations listed in
national hypertension and
diabetes care

management guidelines.

+ Apply a PubMed search
strategy targeting
hypertension and diabetes
clinical guidelines.

+ Review abstract citations for
exclusion.

+ Apply SDH search terms to
full text guidelines to identify
relevant SDH sections.

+ Code and extract social
risk-related excerptsusing

(SC) comprised of diverse CHC staff
(eg nurse care managers, provider
builders, clinicians, behavioral health
clinician leads, clinical pharmacists,
and population health coordinators).

The SC will meet iteratively to share
their perspectives on tool content.

.

SC members will also participate in
one-on-one interviews about using
social risk information in clinical
decision-making; they will review
vignettes [39,40] based on real
patients and will be asked to discuss
how they would make decisions in
the situations presented.

+ Conduct two meetings with 15 CHC
patients, who regularly give input

on the qualities of
effective CDS tools
in parallel with user
input, to ensure
optimization of

the tools [27,28].

to CHC staff at OCHIN's
Clinical Operations Review
Committee (CORC),
comprised of dozens

of clinical leaders from
OCHIN's member CHCs,
three times over 3 months
fo iteratively determine
how and where the tools
should appear in the EHR
to optimize usability.

Step 1: Step 2: Step 3: Step 4: Step 5: Step 6:
Identify potential care plan | Obtain CHC staff and patient Develop first Obtain input on the Pilot test the CDS tools. Refine the CDS
adaptations. perspectives about the care plan version of the CDS | structure and appearance tools based
adaptations identified in Step 1and | tools. of the CDS tools. on pilot test
the CDS tools’ form and functions in results.
the EHR. |
Conduct a systematic scoping |+ Convene stakeholder committee Consider evidence | Present mocked-up tools + Activate the tools in three Revise tool

CHCs recruited based on
their social risk screening
rates.

Qrient clinic staff on-site
or remotely.

+ Track tool use in the pilot
CHCs (eg how often the
hyperlink to suggested
care plan adaptations
was selected, how often
suggested adaptations
are enacted).

.

Obtain user input on the
tools through interviews
with pilot clinic staff and
two webinars where staff
from all three pilot clinics

content, form,
and associated
training
processes, as
indicated.

MNASEM’s 5A framework [9]. 5 .
on research at OCHIN, to obtain discuss the tools.
feedback on potential care plan
adaptations based on social risks and
offer further adaptation suggestions.
. . wh mewill receive no intervention (ie, only clini
Main Trial astudy where some eceive nointervention (ie, only clinics

Intervention clinics will have the CDS tools turned on in their
EHR and will be followed for 18 months to assess (1) tool
adoption, (2) the extent to which tool suggestions are enacted
by care team members, and (3) the impact of tool use on two
national clinical quality measures (CQMs) [41]: blood pressure
control and hemoglobin A, (HbA ) control. Wewill also assess
care team members perceptions of the tools usability and
impacts on care quality and patient-provider interactions.

Randomization and Recr uitment

All OCHIN clinics that provide primary care and have
documented =200 social risk screenings (excluding the pilot
clinics) will be identified. It is anticipated that approximately
60 clinics will meet these criteria. Eligible clinics will be
randomized 1:1 to 1 of 2 groups. potential intervention or
control. Clinics from the potential intervention group (n=30)
will be recruited in random order until 6 agreeto participate. In
the study analyses, outcomesin these 6 intervention clinicswill
be compared with those in the control clinics (n=30). This
approach allows for randomization between the intervention
and control armswhile eliminating the recruitment of CHCsto

https://www.researchprotocols.org/2021/10/e31733
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that will receive the intervention will be contacted for
recruitment). This method is possible as al OCHIN member
CHCsagreethat their EHR datamay be used in research as part
of their membership agreement.

Intervention

Shortly before the tools are activated in participating CHCs,
clinic staff members will be oriented to the CDS tools by an
OCHIN EHR trainer (either on-site or remotely). Clinic staff
will be offered a series of structured, sequenced activitiesusing
training materials devel oped by the study team in collaboration
with the trainer. This will be the only form of implementation
support offered to the main trial clinics aswe seek to assessthe
adoption and impact of the CDStoolsin areal-world situation.

Analytic Framewor k

Mixed methods will be used to assesstool adoption and impact
within arealist framework designed to identify what works, for
whom, and in what circumstances[42,43]. Therealist approach
focuses on the context-dependent causal pathways through
which an intervention (here, the CDS tool) produces outcomes
(here, primarily adaptation of care plans based on
patient-specific social risks and improved COMs; Figure 3).
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Figure 3. Redlist evaluation framework. Resources: the resource or resources offered by the program under study. Context: pre-existing individual,
socid, ingtitutional, economic and system-level values, norms, and relationshipsin which interventions are introduced. Reasoning: reasoning and reaction
of stakeholders in response to resource or resources. Outcomes: intended and unintended changes resulting from the intervention. CHC: community
health center; CQM: clinical quality measure; EHR: electronic health record; PCP: primary care provider; SDH: social determinants of health.

m Improved CQMs

~ A
Context
m Content of stakeholder and pilot clinic discussions
and communications
—p| = Pilot site interviews and observation
m Interviews with intervention clinic staff
m Debriefs with OCHIN trainer post-training
m EHR data on alert firing rates
. J
Resources Reasoning
Patient-specific SDH Mechanism m Exploratory vignette and care plan
data documented in adaptation interviews
the EHR m Content of stakeholder and pilot clinic
discussions and communications
m Prioritization exercise
m PCP card study
m Interviews with intervention clinic staff
m EHR data on documented responses
Outcomes

m Care team—patient discussion of
patient’s social risks in creating care plan

m Adaptation of care plan based on
patient-specific social risks

Data

All quantitative datawill be extracted from OCHIN’s Epic EHR;
these data are centrally managed and quality checked [44-46].
Qualitative datafor the intervention phase will be collected via
semistructured interviewswith diverse clinic staff who interface
with the CDS tools during patient care (eg, providers, care
managers, and medical assistants) and an EHR-embedded
provider card study at each study site. The interviews will
explorerelevant clinical contexts, perceptions and use of social
risk data and CDS tools in clinical encounters, and the impact
of patient-reported social risk dataon clinical decision-making,
quality of care, and patient-provider interactions, including
potential negative impacts of tool use. Card studies are short
(<1 minute) surveys designed to obtain point-of-care data on
clinical decision-making [47]. This card study, which will be
embedded within the EHR and, therefore, the provider
workflow, will be used to assess provider reactions to and
actions taken based on patient-reported social risk data.

https://www.researchprotocols.org/2021/10/e31733

Quantitative Analyses

We will describe the percentage of clinic encounters at which
(1) the CDS tools appeared to users at the intervention clinics,
(2) users reviewed tool suggestions, and (3) the suggested care
plan adaptations were enacted.

The primary trial outcomes are changes in the two CQMs
expected to be affected by social risk—informed care: blood
pressure control and HbA ;. control. Each CQM’s denominator
will be defined according to which patients are eligible for that
measure at the time of aclinic visit (eg, patients with diabetes
are in the HbA,. measure denominator) per nationa CQM
measurement specifications [41]. Two-level hierarchical linear
models [48-50] will be used to assess the impact of CDS tools
on these outcomes. As these outcomes are binary, the
generalized form of the hierarchical linear model with alog link
and binomial distribution will be used. Textbox 1 shows other
potential covariates; thislist will befinalized based on the extent
to which person-level covariates were balanced between the
final intervention and control arms and will be included in the
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first level of the model representing the person level. The second
level of the model, the CHC level, will include arm as an
independent variable (control vs intervention) and a random
effect for the intercept (ie, intercept-as-outcomes model).
Population-averaged marginal proportions and associated 95%
Clswill becalculated by arm, along with the difference between
those proportions (ie, the marginal effect) and the associated
95% CI that incorporates the random effects (ie, differences
between CHCs) and any included covariates.

In secondary analyses, a repeated cross-sectional design will
be used to assessthe differential changesin the outcomes across
time. A panel design isimpractical in this population of CHC
patients, so using repeated measureswould result in a selective
(eg, patients with stable and continuous care) and smaller
sample. Aswe will be able to collect up to 18 months of data,
wewill subset the relevant patient subpopulationswithin clinics
in 6-month increments and model time as a between-subjects
effect in the model described aboveto evaluate the effectiveness
for each outcome. More specifically, we will add time (6, 12,
and 18 months) and the product of time and arm that represents
their interaction in level 2 of the model. We will then calculate

Textbox 1. Primary and secondary analysis variables.

Gold et al

the population-averaged marginal proportions and associated
95% Clsby arm and time points, along with the marginal effects
between armswithin time points and between arms across pairs
of time points (ie, differences-in-differences). Significant
marginal effects between arms across time would suggest a
differential change between the arms across time. As all
secondary CQM outcomes (Textbox 1) are aso binary, we will
use the same approach to evaluate between-arm differences on
these outcomes as for the primary outcomes.

Intent-to-treat analyses will be used to establish effectiveness
at the population level and per-protocol analyses to assess the
impact of the tools when used. For the primary analysis,
depending on the size of theintraclass correlation (between 0.01
to 0.05), this study has at least 80% power to detect a 9%-17%
differencein blood pressure control (n=343 per CHC; assuming
baseline level of 60% blood pressure control calculated from
OCHIN data) and a 10%-18% difference in HbA,. control
(n=214 per CHC; assuming baselinelevel of 34% HbA ;. control

calculated from OCHIN data) between the intervention and
control groups at atwo-tailed a level of .05.

Primary outcomes
«  Controlled blood pressure (<140/90)
«  Controlled hemoglobin A4 (in diabetes mellitus: <9%)

Secondary outcomes

«  BMI screening and follow-up (adults)
o  Lipidtherapy (coronary artery disease)

«  Useof aspirin or antithrombotic (ischemic vascular disease)

Potential covariates

or provider in last year (care use)

o Vidttype:
« In-person, telephone, and virtual

«  Outreach, encounter

«  Provider type:

«  Prescribing privileges (yes or no)

o Number of patientsin panel

.  BMI 225 (adults; not aformal clinical quality measure: a health outcome associated with clinical quality measure)

o Controlled lipids (not aformal clinical quality measure: a health outcome associated with clinical quality measure)

. Patient covariates: Age, gender, race and ethnicity, primary language, poverty level, insurance status at a visit, and number of visits to that site

«  Patient comorbidities: Charlson comorbidity score (modified)—an indicator of serious comorbid conditions that may shorten life expectancy

« Degree (eg, medical doctor, registered nurse, or physician assistant)

Qualitative Analyses

Consistent with the constant comparative method, analyseswill
be iterative and inductive. Emergent understandings will be
explored in subsequent data collection [51]. An
immersion-crystallization process [52], which entails multiple

https://www.researchprotocols.org/2021/10/e31733

iterations of dataimmersion, reflection, and code development
and application, will be used to identify themes and patternsin
the data[53].
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Mixed Methods Realist Analyses

A convergent comparative case analysis approach will be used
[54], where qualitative and quantitative data build an
understanding of the change process in each case (clinic).
Quantitative and qualitative data will be integrated, as shown
in Figure 3. Data from each case will be merged for analysis
and then compared within and across clinicsto confirm, expand
on, or chalenge each site’'s findings. Potential
context-mechanism-outcome configurations [55-58] will be
proposed and then refined as analysis continues to identify
context-specific components that enable the use of
patient-specific socia risk data in adapting treatment plans.
Emphasis will be placed on factors influencing the use of
patient-specific social risk datain care decisions, including the
use of CDS tools, any unintended negative impacts on care
processes and outcomes, and patient-provider interactions.
Analyseswill also explore staff and patient perceptions of how
patients' social risk data affect care and the potential to induce
or obviate bias when such actions occur.

Results

This project was funded by the National Institute on Minority
Health and Health Disparities of the NIH in January 2020. The
formative phase started in April 2020 and will run through July
2021. The tool build process began in May 2021 and will
continue through November 2022. Most of thetool devel opment
activities occurred during the first 3 months, with additional
refinements occurring over subsequent months. The pilot studly,
which is part of the tool development period, will take place
between August 2021 and July 2022. The main trial will begin
in December 2022 and conclude in May 2024; qualitative
interviews and a provider card study will be conducted during
thistime frame. Data analysis and dissemination activities will
take place between December 2023 and November 2024.

The Kaiser Permanente Northwest ingtitutional review board
reviewed the study protocol and provided approval for pilot
study activities in March 2021. The institutional review board
will review the protocol again beforethemaintrial. No research
with human subjectswill be conducted until the proper approvals
have been received.

Discussion

Principal Findings

Although CHCs and other primary care providers are
increasingly systematizing social risk documentation, their
clinical teamslack guidance on how to usethese datato improve
patient health and reduce inequities [30,32,59-61]. Referring
patients with social risksto needed social servicesisassociated
with improved health outcomes and decreased costs
[10-13,21,62-80]. Although some of these impacts may occur
because social servicereferralsreduce socid risks, recent studies
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have shown that health improvements subsequent to social
service referrals were not mediated solely by changesin social
risk status[10,81]. Little is known about how to support social
risk—-informed care in CHCs or other primary care settings,
however, research showsthat when social risk dataare presented
without specific care recommendations, providers use these
datainconsistently [22,82,83].

CDS tools in EHRs (eg, alerts, overviews, and care gap
summaries) are widely available and can enhance care quality
and patient satisfaction, especially when developed with user
input [24,25,27-29,84-91]. These functionalities might enhance
socid risk—informed care; however, we know of no prior studies
examining their use in this context. Thistrial will address this
knowledge gap by devel oping and testing CDStool sthat suggest
social risk—informed care adjustments. The CDStools that will
be tested will be devel oped and revised with extensive provider
and patient stakeholder inputs. These tools will be designed to
enable transferability to any site using the Epic EHR; general
principlesof using social risk dataCDSfor social risk—informed
care will be disseminated so that similar tools can be built in
any EHR system.

Limitations and Consider ations

Thispragmatic trial will be conducted in CHC settingsas CHCs
serve patients with high rates of socia risks, so study findings
may not be fully generalizable to other care settings. Although
therecruited CHCswill have documented social risksfor =200
patients, few will have screened al their patientsfor social risks,
and some will not have endorsed social risks. Asaresult, these
tools may not be relevant to all patients. For addressing this,
primary analyses will be limited to patients with known social
risks, and differences between these patients and those with no
social risk data will be described. Only 1-2 hours of training
will be provided asimplementation support to the study CHCs;
more hours of training might be optimal but would not reflect
real-world practices. Finaly, thisresearch was conducted inthe
peri-COVID period; its generalizability must be interpreted in
light of the pandemic’s effects on patients' health care access
and financial security, as well as the changes it spurred in the
health care sector around social care delivery [92]. The extent
to which pandemic-related changes will endureis not yet clear.

Conclusions

There are no known prior studies assessing whether and how
EHR-based CDS can be used to support contextualized social
risk—informed care. We believe this study will be the first to
develop and test CDS tools that both highlight CHC patients
social risksand suggest care plan adaptations based on reported
social context. Thetoolswill be devel oped with extensiveinput
from CHC staff and patients to ensure patient and provider
usability and acceptability. The results will yield usable data
for CHCs and other primary care providersto inform strategies
that can ensure new social risk screening initiatives trandate to
improvements in care delivery and health outcomes.
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Abstract

Background: Kinesiotherapy is an option to mitigate worsening neuropsychomator function due to human aging. Moreover,
exergames are beneficial for the practice of physical therapy by older patients. Physical exercise interventions are known to alter
the epigenome, but little is known about their association with exergames.

Objective: We aim to evaluate the effects of kinesiotherapy with exergaming on older women'’s epigenetic marks and cognitive
ability, as well as on their clinical functional variables. Our hypothesis states that this kind of therapy can elicit equal or even
better outcomes than conventional therapy.

Methods: We will develop avirtual clinic exergame with 8 types of kinesiotherapy exercises. Afterward, we will conduct a 1:1
randomized clinical trial to compare the practice of kinesiotherapy with exergames (intervention group) against conventional
kinesiotherapy (control group). A total of 24 older women will be enrolled for 1-hour sessions performed twice a week, for 6
weeks, totaling 12 sessions. We will assess outcomes using epigenetic blood tests, the Montreal Cognitive Assessment test, the
Timed Up and Go test, muscle strength grading in a hydraulic dynamometer, and the Game Experience Questionnaire at various
stages.

Results: The project was funded in October 2019. Game development took place in 2020. Patient recruitment and a clinical
trial are planned for 2021.

Conclusions: Research on this topic is likely to significantly expand the understanding of kinesiotherapy and the impact of
exergames. To the best of our knowledge, this may be one of the first studies exploring epigenetic outcomes of exergaming
interventions.

Trial Registration: Brazilian Clinical Trials Registry/Registro Brasileiro de Ensaios Clinicos (ReBEC) RBR-9tdrmw;
https://ensai osclinicos.gov.br/rg/RBR-9tdrmw.

International Registered Report Identifier (IRRID): DERR1-10.2196/32729

(JMIR Res Protoc 2021;10(10):€32729) doi:10.2196/32729
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Introduction

Background and Rationale

Human aging is a natural process that causes a series of
neuropsychomotor changes, such as decreased muscle strength,
proprioception, balance, and cognition [1,2]. An option to
mitigate this deterioration is kinesiotherapy, a therapeutic
exercise that trains body movements and posturesin a planned
and systemic way, improving the patient’s functional capacity,
autonomy, and well-being [3].

Neuroprotective effects of physical exercise and the
improvement of its clinical and functional outcomes are partly
associated with the modulation of epigenetic marks, in both
preclinical and clinical studies [4-9]. Epigenetics is the study
of heritable changesin genefunction that do not entail achange
in DNA sequence [10]. Epigenetic marks are modulated by
gender and time of the day [11]. Especially for older women,
physical exercise has a role in improving health conditions
[12-14], which is even indicated in biomarkers [15].

Older people face barriers to take part in exercise, but they
identify positive aspects of strength and balance activities
[16,17] and report positive perceptions about implementing
technology to exercise [18]. Hence, appropriate programs and
interventions based on education and training can help overcome
thebarriers[16]. Likewise, mativation and confidencefor older
persons can enabl e better performancein physical exercise[19].
In al these aspects, appropriate interactive technologies can
have afacilitating role [20].

Virtual games are beneficial in physical therapy practice,
particularly in the rehabilitation of functional balance, postural
skills, and motor skills [21-23]. Exergames are virtual games
that can capture the user’sreal movements and promote physical
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activity, especialy for older people [24]. This kind of game
encourages the use of body movements to interact with the
virtual scenario in astimulating and integrative way, generating
an enriched setting and greater motivation for progressing motor
sKills [25,26]. Game-based therapy can aso be an alternative
approach to improve cognitive functions, with improvements
in different cognitive domains, such as executive function,
visuospatial attention, verbal memory, and working memory
[27]. Furthermore, rehabilitation exercises with exergaming
have become an option for rehabilitation programs and have
been adopted by physical therapists[28].

Aims and Hypothesis

Thereisemerging evidencethat physical exerciseinterventions
can alter the epigenome, and the outcomes could be related to
specific pathways [29,30]. However, to the best of our
knowledge, thereistill no evidenceintheliterature addressing
the association of exergaming with epigenetic marks. Giventhe
heterogeneity and complexity of the existing literature, more
research isrequired in this emerging areato identify epigenetic
marks that could serve as indicators of exercise adaptations
[29]. In this perspective, this study aims to evaluate the effects
of kinesiotherapy with exergaming on older women’s epigenetic
marks and cognitive ability, alongside the evolvement of clinical
functional variables. We hypothesize that this kind of therapy
can €licit satisfactory results, with similar or even better
outcomes than those of conventional therapies.

Methods

Thisisan applied study with software development and analysis
of its effects through a controlled, parallel, two-armed,
open-label, randomized clinical trial. Figure 1 shows the
procedure flowchart.
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Figure 1. Study procedure flowchart.
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Development of the exergame comprising 8 kinesiotherapy exercises.

Recruitment of participants (N=24), women aged > 60 years, who met the eligibility criteria.

Stratified randomization by order of agreement to participate.

|

Allocated to intervention group (n=12):
Kinesiotherapy with exergaming

}

Allocated to control group (n=12):
Conventional kinesiotherapy

( Data collection: epigenetic marks; cognitive ability; balance; muscle strength grading )

15t intervention session

15t intervention session

C

Data collection: epigenetic marks

)

2nd jntervention session
to
12t intervention session

21 jntervention session
to
12t intervention session

( Data collection: epigenetic marks; cognitive ability; balance; muscle strength grading )

(Data collection: game experience)

Exergame Development

Exergamesthat require an individual to repeatedly reach for an
object do not use the full potential of exergaming as a
rehabilitation tool [31]. Taking thisinto account, wewill develop
an exergame with a virtual scenario based on a physiotherapy
clinic. In this environment, 8 types of exercises practiced in
kinesiotherapy sessions will be available, including squats,
horizontal shoulder abduction, hip abduction, diagonal
movement of the upper l[imb (Kabat diagonals), plantar flexion,
elbow extension, elbow flexion, and horizontal shoulder
adduction. Reference images from real environments will be
used to model the setup and all interactable objects used by the
avatars.

The clinic scenario will have windows that show an outdoor
view with trees and clouds reacting to the wind. The lighting
and animations will aso change according to the day and time
the user is playing, whether day or night. A male and afemale
character (avatar) will be available to play, selected according
to the gender registered for each user. The objectsthat the avatar

https://www.researchprotocols.org/2021/10/€32729

will interact with when performing an exercise will be
automatically selected according to the type of exercise. Four
camera positions will be implemented in the game. The game
will have a menu with options for registration, settings, and
types of exercise. During the execution of the exercises,
information on the number of repetitions and completed series
will appear on the screen, in addition to the execution time.

The exergame will be developed using the programming
language C# (Microsoft Corporation), with the game engine
Unity 3D (Unity Technologies). Both the scenario and the
physiotherapy equipment will be modeled on Blender (Blender
Foundation), open-source 3D creation software for animation,
simulation, rendering, composition, and motion tracking. The
characterswill be created in Adobe Fuse (Mixamo), which also
offers prebuilt animations and an autorigging tool in the mesh
of the created characters. Some other tools, such as Audacity,
for editing the sound effects, and Paint.NET (dotPDN LLC) for
editing the interface sprites and object textures, may be used in
the development of the game.
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The participant plays the exergame by watching their avatar on
a 42-inch monitor. The motion capture will use an Astra Pro
depth sensor (Orbbec 3D Tech Intl Inc) and the software
Nuitrack (3DiVi Inc), which analyzes the data obtained by the
sensor to identify the user's movements. To identify the
completed repetitions and errors, the game will have rigidbody
colliders in the avatar and in the scenario, passing the avatar
positionsto the scriptsthat evaluate whether the movement was
correct or not.

One of the advantages of the proposed exergame over
conventional therapy is that the game is more stimulating and
has ajoyful purpose, which provides aform of biomechanical
bi of eedback—feedback on measurements of movement, balance,
postural control, and force output [32]. The exergamewill have
a dynamic virtual environment to engage participants, which
will include elements such as background music, object sounds,
avatars demonstrating movements as a form of instruction,
sound and visual effects to reward achievements and exercise
conclusions, scores, individual progress history, automatic
counting of seriesand repetitions, the possibility of competition
between participants, and control of timesand turns. Hence, we
expect to enhance the gains achieved during therapy, throughout
the sessions, and perhaps even in a shorter period, as achieved
by Henrique et a [21].

Sample, Eligibility, and Allocation

We will recruit 24 participants, exclusively women aged 60
years and over, at the School Clinic of Studiesand Professional
Practices of the Regional Integrated University of Upper
Uruguay and Missions, whichislocated in Erechim, Rio Grande
do Sul, Brazil. The sample size was based on the studies that
used a similar methodology to assess the effect of exercise on
epigenetic marks and the effect of improved functional mobility
induced by running in the older women, related to epigenetic
marks[8,9], considering the global H4 histone acetylation levels
variablefrom earlier studies[33,34]. Sample sizewas calculated
using G* Power software [35] considering an effect size of 1.3,
two tails, an error probability of .05, and a power of 0.8.

After the invitation to take part in the study, the participants
will sign a consent form and complete a demographic
guestionnaire. Thefollowing inclusion criteriawill be verified:
age 60 years or older; ability to ambulate effectively; absence
of any reported diagnosis of neurological, cardiac, or any other
disease that restricts physical exercise; absence of depression
confirmed by the Geriatric Depression Scale—Short Form [36];
cognitive ability confirmed by the Mini-Mental State
Examination, Brazilian version [37]; and acceptance of the
commitment not to undergo any other physical therapy during
the study.

The samplewill have stratified randomization for 2 groupswith
12 participants each. Patients will be selected by order of
agreement to participatein the study until the number of patients
stipulated for either of the groups is reached. The intervention
group will practice kinesi otherapy exerciseswith the exergame,
whereas the control group will practice conventiona
kinesiotherapy exercises without exergaming. Owing to the
nature of the intervention, masking of the physical therapists
and participantsisnot possible. However, datawill be collected
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and analyzed by professionals masked to the allocation of the
groups.

Outcome M easurements

Throughout the clinical trial, we will assess different data for
two assays. Thefirst assay will assessthe acute and |ate effects
on the participants’ epigenetic marks (primary outcome) aswell
as the cognitive ability (secondary outcome). Meanwhile, the
second assay will assess the participants’ balance and muscle
strength grading (primary outcomes), in addition to the postgame
experience (secondary outcome).

First Assay

Epigenetic markswill be assessed with blood tests. The samples
will be collected by qualified and verified professionals, from
veins located in the antecubital area, in a sanitized and cool
place previously prepared for the procedure. Furthermore, 20
mL blood will be drawn using disposable syringes and needles.
The venipuncture procedure will be applied and all national
biosafety procedures will be followed. Initially, the blood will
be divided into two tubes. a tube containing a separating gel
that will receive 5 mL blood to obtain the serum. The other tube
will contain the EDTA anticoagulant and will receive 15 mL
blood. Then, Histopaque will be added in a 1:1 ratio to the tube
with EDTA, which will then undergo a series of centrifugesfor
the extraction of plasma and peripheral blood mononuclear
cells. The material will be stored in appropriate containers at
-20 °C. Biomarker analysis will be performed using
commercidly available assay kits, according to the
manufacturer’s guidelines.

The types of indicators that will be analyzed using biomarkers
include plasma levels of the brain-derived neurotrophic factor
(BDNF), a member of the neurotrophin family that has an
important role in neuroplasticity and is associated with the
process of memory and learning. We will also analyze the global
acetylation levels of histones H3 and H4, which are epigenetic
markers associated with increased transcriptiona activity and
gene expression. A previous study [9] identified that a single
exercise session induced astate of global DNA hypomethylation
but did not alter the global acetylation levels of H4 histone.
However, these markerswere not modified after more sessions,
suggesting that epigenetic modulation in response to physical
exerciseistransient, which justifies an analysis comparing the
acute and late effects.

Cognitive ability will be assessed using the Brazilian version
of the Montreal Cognitive Assessment protocol [38]. Thisisa
brief screening tool that assesses a wide range of cognitive
functions, such as executive functions, visuospatia skills,
memory recovery, digits, sentences, abstract reasoning, and
orientation. The test time is estimated at 20 minutes and the
maximum possible score is 30 points. The cutoff score is 26
points.

Second Assay

The balance will be assessed using the Timed Up and Go test,
which determines fall risk and measures, in seconds, the time
taken by an individual to stand up from achair, walk a distance
of 3 m, turn, walk back to the chair, and sit down. For healthy
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older adults, the ideal time for the test is 10 seconds. When
performed between 11 and 20 seconds, it indicates that the
individual may have some disability or fragility, which is
considered partial independence and low risk of falls. When the
test is performed with a time =20 seconds, the individua is
classified as dependent and has a considerable deficit in physical
mobility and a high fall risk [39,40].

Muscle strength grading will be assessed using a push-pull
hydraulic dynamometer. This is a device that operates on the
principle of traction and compression. An externa force is
applied to the dynamometer and its spring istensioned, moving
an indicator of the amount of static force applied.

Game experience will be assessed using the postgame module
of the Game Experience Questionnaire[41]. It measures players
experience after the gaming session and any aftereffects (eg,
returning to reality, fatigue, pride, guilt) using 17 statements
with a semantic differential scale response to indicate the level
of agreement.

Procedure and Follow-up

During the study, participantsin both groupswill not be allowed
to perform any other type of physica therapy. Intervention
sessions for both groups will be carried out twice aweek. Each
session will last an hour, for 6 weeks, resulting in 12 sessions.
Thistime frameis based on similar studies of Duque et al [42]
and Park and Yim [43]. The set of kinesiotherapy exerciseswas
designed based on exercises from successful studies on older
rehabilitation [21,44,45], whose movements can be captured
by the motion sensor used in the exergame.

Wewill request al participants to attend sessions wearing dark
workout clothes to standardize them and also facilitate body
detection by the motion sensor. Each participant will be placed
in aroom with the setup ready. For the control group, it will be
a conventional physiotherapy clinic with the necessary
equipment for the exercises. For the intervention group, the
environment will contain the same equipment, along with the
exergame setup consisting of a42-inch monitor and the motion
Sensor.

Both groups will be accompanied by 2 physical therapists
throughout the sessions. The professionals will provide
instructions and adjust the equipment used in the sessions
following a standardized procedure protocol to avoid any type
of bias. In the event of an incident (eg, harmful movement,
injury, or misuse of equipment), the professional will intervene,
pausing the session until the problem is fixed. The session will
resume as soon as possi ble so that the participant can complete
the remaining time.

The exercises will use dumbbells, TheraBands, and Swiss ball
accessories. The weight of the dumbbells and resistance level
of the TheraBand will be proportionally tailored to each
participant. We will use the Modified Borg Dyspnea Scale [46]
to verify the participant’s perception of effort and to define the
accessories with an inversely proportional level of difficulty of
use. Inthefirst intervention session, for all participants, wewill
provide a 1-kg dumbbell and a light-resistance TheraBand.
Then, at the end of each session, the physical therapists will
evaluate each participant’s perception of effort in performing
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the exercisesusing her respective accessories. Thiswill support
the choi ce of the dumbbell weight and the TheraBand resistance
that the participant will usein the following session. Different
Swiss balls will be used, depending on the height of the
participant: the small version of 55 cm for people with aheight
of 160-174 cm, and the average version of 65 cm for people
with a height of 175-195 cm.

Performed individually, the kinesiotherapy session will start
with a warm-up exercise (10 minutes), using a horizontal
exercise bike. After that, the following 8 specific exerciseswill
be performed:

1. Squatting with dumbbellsin hands, for 3 minutes.

2. Horizontal shoulder abduction with elbows in extension
holding the TheraBand and sitting on the Swiss ball, for 3
minutes.

3. Hip abduction with the TheraBand around the lower limbs,
for 6 minutes.

4. Kabat diagonals (adapted) with the patient sitting on the
Swiss ball, for 6 minutes.

5. Plantar flexion for calf with dumbbells in hands, for 3
minutes.

6. Horizontal shoulder adduction with elbows in extension
holding the TheraBand and sitting on the Swiss ball, for 3
minutes.

7. Elbow flexion for biceps using TheraBand and sitting on
the Swiss ball, for 3 minutes.

8. Flexion of hamstring, quadriceps, iliopsoas, and
gastrocnemius, performed during a series of 30 secondsfor
each muscle group, repeatedly, for 6 minutes.

After the strength exercises, the participants will perform
cervical spine stretching, lateral and posterior trunk stretching,
hamstring  stretching, and quadriceps, iliopsoas, and
gastrocnemius exercises. The exercises will be performed in a
series of 30 seconds, resulting in 10 minutes of activities.
Among the different types of exercises, there will be intervals
of at least 30 seconds for rest and adjustment of game settings.

The intervention group will perform the same procedure and
use the same kinesi otherapy equipment asthe control group but
playing the exergame with its 8 specific exercises as the basis
of the session. The exercises will always be performed in the
same order and duration, from thefirst to thelast session. During
the intervention, there will be a tolerance of only 2 absences
per participant, which must be recovered immediately in the
same week of the absence. Otherwise, the participant will be
removed from the study.

Data Collection

Blood test values to assess epigenetic marks will be collected
from all participants at three stages. at baseline; after the first
session of the intervention, to verify the acute effects; and after
the complete intervention, to verify the late effects. Cognitive
ability, balance, and muscle strength values will also be collected
from all participants at two stages. at baseline and after the
complete intervention. Game experience data will be collected
exclusively from the participants who played the game
(intervention group) after the intervention is compl eted.
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Statistical Analysis

Basic quantitative data will be determined by mean, SD, and
median. Categorical data will be determined by simple
frequency. Numeric data will be analyzed using statistical
software SPSS, version 22 (IBM Corporation). The normality
of thedatawill betested using the Shapiro-Wilk test. Moreover,
depending on the distribution, we will use one-way factor
analysis of variance with Tukey post hoc (parametric data), or
Kruskal-Wallistest (nonparametric data). To evaluate the main
outcomes of the study, a generalized estimation equation with
gamma distribution will be performed. To correlate the data,
we will apply Spearman and Pearson analyses considering a
95% CI (P<.05). All analysis techniques can be adjusted or
modified, if required, by the characteristics of the collected data.

Results

The project was funded in October 2019. Game development
took place in 2020. Patient recruitment and clinical trial are
planned for 2021.

Discussion

The therapeutic resources used in physiotherapy, including the
use of virtual reality technologies applied to kinesiotherapy,
have been highlighted in recent years. Moreover, physical
therapy has used technology to make interventions more
engaging, convenient, and fun. Among the many possibilities
offered by technology, exergames can be a powerful tool, with
opportunities for users to participate in different rewarding
experiences, asthey rely on motivational aspects[25] and have
adaptive strategies to each user, regardless of their motor and
cognitive skills [47]. Exergames are a safe, feasible, and
beneficial tool for physical exercises by older people[48]. They
can combine physical activity, game dynamics, challenges, and
achievementsin acomfortable environment, merging real-world
elements and virtual contents in a single view [48,49].
O'Loughlin et a [50] stated that exergaming is a healthier
aternative to sedentary behavior, due to higher energy
expenditure and improved physical fitness. In addition,
exergames may improve balance, motor coordination, and
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muscle strength, increasing adherence to exercise in the older
population while keeping them physically and socially motivated
[25,51-53].

Technological solutions are flexible and have the potential to
be accessible, reaching more users at the same time [54]. They
also introduce a new style of rehabilitation and practice of
physical activities, allowing health professionals to remotely
assess the progress of patients and adjust the training strategy
accordingly, offering customized experiences related to each
user profile, while motivating patients by engaging family
members, caregivers, and friends [55,56]. However, a
considerable part of the exergames used in physiotherapy is
derived from commercial sources [52,57-60], generally not
designed exclusively for the older population, or are not based
on specific therapy protocols[61]. Moreover, new studies should
include games that can target multiple physical functions to
determine the extent to which exergaming can contribute to
keeping older adults active and healthy [31]. Therefore, it is
plausible that an exergame developed from a specific
kinesiotherapy model designed exclusively for the older
population can elicit better outcomes, which justifies the
exergame that we will develop.

We expect that both groups have improvements in muscle
strength, balance, and cognitive ability, as both of them will
exercise. However, dueto the motivational and enriching aspects
of the exergame, we expect the intervention group to show a
significant improvement compared to the control group. We
assume that improvement in functional clinical outcomesinthe
exergame group will be associated with increased BDNF levels
and global acetylation of histones H3 and H4. Strategies that
modulate BDNF and acetylation levels might be indicated to
improve memory in the older population. Many studies have
already shown that exercise is a strong epigenetic modulator
that increases BDNF levels[7-9,33,62].

Research on this topic is likely to significantly expand the
understanding of kinesiotherapy and the impact of exergames
for older women. To the best of our knowledge, this may be
one of the first studies exploring epigenetic outcomes of
exergaming interventions.
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Abstract

Background: Reduced mobility and fallsare common among older adults. Balance retraining programs are effectivein reducing
fals and in improving balance and mobility. Noisy galvanic vestibular stimulation is a low-level electrical stimulation used to
reduce the threshold for the firing of vestibular neurons via a mechanism of stochastic resonance.

Objective: This study aims to determine the feasibility of using noisy galvanic vestibular stimulation to augment a balance
training program for older adults at risk of falls. We hypothesize that noisy galvanic vestibular stimulation will enhance the effects
of balance retraining in older adults at risk of falls

Methods: In this 3-armed randomized controlled trial, community dwelling older adults at risk of falling will be randomly
assigned to anoisy galvanic vestibular stimulation plus balance program (noisy galvanic vestibular stimulation group), sham plus
balance program (sham group), or a ho treatment group (control). Participants will attend the exercise group twice aweek for 8
weeks with assessment of balance and gait pretreatment, posttreatment, and at 3 months postintervention. Primary outcome
measures include postural sway, measured by center of pressure velocity, area and root mean square, and gait parameters such
as speed, step width, step variability, and double support time. Spatial memory will also be measured using the triangle completion
task and the 4 Mountains Test.

Results: Recruitment began in November 2020. Data collection and analysis are expected to be completed by December 2022.

Conclusions: Thisstudy will evaluate the feasibility of using noisy galvanic vestibular stimulation alongside balance retraining
in older adults at risk of falls and will inform the design of a fully powered randomized controlled trial.

Trial Registration: New Zedland Clinical Trids Registry (ACTRN12620001172998);
https://www.anzctr.org.au/Trial /Registration/Trial Review.aspx 21d=379944

International Registered Report Identifier (IRRID): DERR1-10.2196/32085

(JMIR Res Protoc 2021;10(10):€32085) doi:10.2196/32085
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Introduction

Background

The contribution of age-related declinein postural responsesto
reduced mobility and falls in older adults is well established
[1-4]. The mechanisms underlying this deterioration are complex
but are thought to include impaired function and processing of
sensory information from the visua, vestibular, and
somatosensory systems. The vestibular system is perhaps the
least understood of these balance systems. However, rich
connections between the hippocampus, cerebellum, and
brainstem suggest that treatments designed to enhance the
vestibular system havethe potential to improve postural stability
and balance [5-8].

Noisy galvanic vestibular stimulation is a subsensory galvanic
stimulation delivered with a superimposed Gaussian noise
signal. The proposed mechanism of action is based on the
principle of “stochastic resonance,” in which noisy galvanic
vestibular stimulation enhancesweak sensory input signalsfrom
the vestibular apparatus [9,10]. This then enhances vestibular
perception and vestibulospinal reflex function, both essential
components of the sensory feedback loop for balance [11-13].

All sensory systems decline with age [14]; however, there is
strong evidence that balancetraining can reducetherisk of fals
in older adults and improve clinical tests of stability [15-17].
Although there are known benefits of rehabilitation programs
for balance retraining, less is known about the effect of noisy
galvanic vestibular stimulation on postural control [18,19].
Emergent research in humans suggests immediate benefits to
static balance. Inukai et a [20] reported immediate
improvements in standing balance when noisy galvanic
vestibular stimulation was administered to healthy older adults,
and Iwasaki et a [4] demonstrated a similar positive effect in
patients with bilateral vestibular dysfunction. There is some
evidence that this benefit may be sustained. Fujimoto et al [21]
examined the effect of 30 minutes of noisy galvanic vestibular
stimulation on balance and found that a positive effect was
maintained for up to 3 hours after exposure to the intervention.
These improvements were further enhanced by a subsequent
30-minute exposure, which also sustained the beneficial effects.
However, this sustained effect has not been replicated
consistently in other studies; Inukai et a [22] found a
poststimulation effect in contrast to Nooristani et al [23] and
Keywan et a [24] who did not. A secondary analysis by
Fujimoto et al [21] discovered that noisy galvanic vestibular
stimulation resulted in significantly greater improvements in

https://www.researchprotocols.org/2021/10/€32085
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participants who were more unsteady on initial assessment [25].
This suggests that either noisy galvanic vestibular stimulation
has a greater effect on the hypofunctional vestibular system or
that different noisy galvanic vestibular stimulation parameters
and experimental designs play arole in these findings. Noisy
galvanic vestibular stimulation has also shown positive effects
on walking balance, with Wuehr et al [12] and Iwasaki et al
[26] finding that noisy galvanic vestibular stimulation resulted
in an immediate positive effect on gait and in adults with
bilateral vestibular pathology. However, to date, there are no
studies of noisy galvanic vestibular stimulation in older adults
who present with a fall risk, and no studies have investigated
the repeated application of noisy galvanic vestibular stimulation
as a clinical intervention. No study has investigated the
augmented effect of concurrent noisy galvanic vestibular
stimulation and balance rehabilitation to improve stability. We
plan to redress these limitations by examining the impact of a
bal ance rehabilitation program augmented with noisy galvanic
vestibular stimulation in older adults at risk of falls.

Objectives

This study aims to assess the feasibility of a future definitive
randomized trial examining the effect of balance rehabilitation
augmented with noisy galvanic vestibular stimulation in older
adults at risk of falls. The primary objective is to assess the
feasibility of the study process, including (1) rate of participant
recruitment, conversion, and retention; (2) feasibility of
screening processes; (3) utility of data collection and outcome
measures; and (4) acceptability and suitability of theintervention
and study procedures.

Our secondary objectivesareto (1) evaluate participant opinions
of the intervention as a basis for refinement of the definitive
trial; (2) select aresponsive and meaningful outcome measure;
and (3) to inform the power and sample size calculations for
the future full randomized controlled trial.

Methods

Trial Design

Thisstudy isa3-armed randomized controlled trial design with
a qualitative component. A total of 72 participants will be
randomly allocatedinal:1:1 ratio to anoisy galvanic vestibular
stimulation group, sham group, or no intervention control group.
Recruitment will close once 24 participants have been recruited
into the noisy galvanic vestibular stimulation arm. Outcome
assessment will occur at baseline (week 1), posttreatment (week
10) and at the 3-month follow-up posttreatment (Table 1).
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Table 1. Standard Protocol Items-Recommendations for Interventional Trials tabulation of study enrollment, interventions, and assessments.

Study events Study period

Enrollment

Postallocation Closeout

Week 1 Week 2-9 Week 10 Week 22

Eligibility screen
STEADI? questions u

Three-step command

Demographics (age, sex, and ethnicity)

Exclusion screen for nGVSP

Informed consent O

Written informed consent

Allocation O
Assessments

Montreal Cognitive Assessment

Activities-specific balance confidence

Center of pressure

Single and dual task gait

Timed Up and Go

Four-Stage Balance Test

Functional Gait Assessment

30-second chair stand test

Triangle completion task

4 Mountains Test

Adverse event monitoring

Intervention fidelity monitoring

Semistructured interviews
Intervention

ExercisetnGVS

Exerciset+sham nGVS

Exercise (control)

O O o oooo o g g
O oo ooooo g
O 0o oo oooo o

8STEADI: Stop elderly accidents, deaths, and injuries.
bhGvs: noisy galvanic vestibular stimulation.

Semistructured interviews posttreatment will investigate the
acceptability of the research processes and theintervention from
the perspectives of study participants and physiotherapists.

Participant Recruitment and Eligibility Criteria

Recruitment

Older adults will be recruited from the community in a staged
manner to determine the feasibility of recruitment methods.
Suitable candidates will be approached vianewspaper
advertisements, local medical practices, newdetters targeting
older adult community groups, retirement villages, socia media,
community notice boards, presentations to local groups, and
professional networks. Datawill be collected on the efficacy of
each method interms of responserate, proportion of respondents
who were dligible, eligible respondents who subsequently

https://www.researchprotocols.org/2021/10/€32085

consented to the study, and the number of participants who
completed the study.

Screening

People interested in participating will contact a member of the
research team via telephone or email. Initia screening and
eigibility will be assessed by a trained research assistant via
telephone and data entered into the REDCap database. Eligible
participantswho provide consent will be enrolled into the study.

Inclusion Criteria

Participantsare eligiblefor inclusion if they meet thefollowing
criteria: (1) aged =65 years or Maori or Pasifikaaged =55 years,
(2) independently living in the community, (3) considered at
risk of falls based on the stop elderly accidents, deaths and
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injuries (STEADI) fall screening questions (Textbox 1) [27],
and (4) ableto stand independently for 5 minutes and ambulate

McLaren et d

for 10 m with or without awalking aid.

Textbox 1. Stop elderly accidents, deaths and injuries (STEADI) fall risk screening questions.

Screening questions (answering yes to any of these questionsindicates a fall risk)

« Haveyoufalenin the past year?
« Doyou fedl unsteady when standing or walking?
« Doyouworry about falling?

Exclusion Criteria

Participants will be excluded if any of thefollowing criteriaare
present: (1) diagnosis of a neurologica condition, (2)
pacemaker, (3) metal implants in the head or neck, (4) vertigo,
(5) current diagnosis of migraine, and (6) cognitive impairment
to the extent that they are unable to follow a 3-step command
on the telephone.

Randomization

Participant group allocation will be by stratified random
computer generation using a “minimization” algorithm in
MinimPy (Msaghaei) to stratify groups by age, sex, and fall
history in the past 6 months [28-30]. Allocation will be
concealed in an opague envelope identified only by the
identification number of the participant and given to the
participant after the initial assessment. Participants will be
requested to open the envelope only after exiting the testing
room. A contact number will be included in the envelope if
participants wish to discuss their allocation.

Blinding

The noisy galvanic vestibular stimulation and sham group
participants, assessors, therapists, and data analysts will be
blinded to the group allocation. Measures will be taken to
minimize the potential for the assessor and treating therapist to
become unblinded. Thiswill include avoiding discussions about
the participants in front of the assessor and treating therapist.
When participants are contacted to make appointments for the
assessment, the team membersinvol ved will usethis opportunity
to remind participants not to revea detailsof any treatment they
have received to the assessor. A register of the unblinding events
will be maintained.

Assessment

Outcome measures will be collected by a single investigator
who will be blinded to the allocation and not involved in any
aspect of theintervention.

Data Collection Methods

Once participants are recruited to the study and have given
consent, they will attend three assessments at baseline,
posttreatment, and at the 3-month follow-up (Table 1). Assessors
will be trained in a protocol by a member of the research team
who is familiar with the testing procedures. Assessments will
be audited for quality and data completeness and checked for
precision by the project manager once 10% of the data has been
collected. A summary of the checkswill be provided to the data
monitoring committee. Any reports of adverse events will be

https://www.researchprotocols.org/2021/10/€32085

reported and discussed at the monthly steering committee
meeting.

Outcomes

Participant Characteristics

The participant population will be described using demographic
data, anthropometric data, including weight and height, the
Montreal Cognitive Assessment, a brief cognitive screening
tool [31], and the Activities Balance Confidence Scale, a
structured questionnaire measuring an individual’s confidence
performing specific activities [31].

Postural Sway Parameters

Postural sway will be calculated from center of pressure (COP)
excursions on aforce plate [4] (AMTI) in eyes open and eyes
closed conditions. COP values of velocity, area, and root mean
sguare during static standing have been shown to be precise,
quickly administered assessments[32,33], with minimal ceiling
and floor effects [34,35], and excellent sensitivity in the
identification of older adult fallers[36-38]. In addition, wewill
investigate the relationship between the COP excursion and
velocity and acceleration profiles of the head.

Gait and Mohility Performance-Based Measures

Performance-based measures of balance, gait, and leg muscle
strength will indicate change in function and postural control.
Thesetestsarewidely used in research for older adultswith and
without pathology, and all have norm-referenced values and
robust clinimetric properties.

Gait will be measured using a 7 m long x 0.6 m—wide
instrumented walkway, GAITrite, gold software version 3.2b,
(CIR systems), in both single and dual task conditions [39].
Spatiotemporal parameters of interest include step velocity,
length, width, double support time, and variability [40,41].
In addition, we will investigate the relationship between these
spatiotemporal measures and the velocity and acceleration
profilesof thehead. A 9-cameramotion capture system sampled
at 200 Hz will record 3D kinematic data during the balance and
gait measures. The 3D kinematic data will be exported to
MATLAB (MathWorks, Inc) where a 6 degrees of freedom
model will be constructed from shoulder and head marker
position data. The model will consist of two triangles in 3D
space, the first one corresponding to the shoulders and the
second one for the head. The time series for theroll, pitch, and
yaw angles of the head will be calculated with respect to the
shoulders. Linear displacement across the mediolateral and
anterior-posterior axes and the angular displacement about the
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vertical axis will be computed from these time series for a
guantitative analysis of the head movement.

A range of mobility performance measures will be used.
The Functional Gait Assessment assessesbalance during
walking under different conditions (speed change, head turn,
pivot turn, obstacle clearance, and narrow base) [42,43]. The
30-second chair stand test measures functional leg strength.
Participants will be asked to stand up from a chair and sit back
down as often as they can within 30 seconds [44]. The Timed
Up and Go test isa simple test used to assess the mobility of a
person and requires both static and dynamic balance. It involves
timing aperson rising from achair, walking 3 m, turning around,
walking back to the chair, and sitting down. The Timed Up and
Go test isconsidered avalid, reliable, and sensitive measure of
mobility and balance in older adults[45,46]. For the Four-Stage
Balance Test, participants are asked to stand in 4 progressively
more challenging positions for 10 secondswith their eyes open
and without using an assistive device. If the patient can hold a
position for 10 seconds without moving their feet or needing
support, they go on to the next position. Otherwise, the test is
stopped. An older adult who cannot hold the tandem stance for
10 secondsis considered at increased risk of falling [47].

Spatial Memory

Spatial memory is strongly influenced by vestibular inputs
[35,48] and will be assessed using the triangle completion task
and the4 MountainsTest. The triangle completion task
combines vestibular and somatosensory inputs and interacts
with cognitive and motor processesto perceive self-motion and
generate a cognitive map of space [49-51]. The 4 Mountains
Test uses a delayed match-to-sample paradigm on a
computer-based image [52]. This is a highly sensitive test in
older adults with mild cognitive impairment and can be easily
applied in routine clinical practice [53].

Qualitative Assessment

A qualitative assessment in the form of a semistructured
interview designed to investigate the acceptability of the
treatment will occur at week 10 for selected noisy galvanic
vestibular stimulation and sham participants. We am
to interview 5-6 participants in the noisy galvanic vestibular
stimulation intervention group with a sample purposively
selected to represent variation in intervention compliance and

Table 2. Summary of the multisensory balance program.
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response; 2 sham participants will also beinterviewed to explore
the acceptability of thetrial process. Physiotherapistsdelivering
the intervention will be interviewed to explore the study
processes, acceptability, and value of theintervention from their
perspective. Semistructured interviews will be transcribed
verbatim and uploaded to NVivo. We will conduct thematic
analysis of the data using the 6-stage process of analysis
(transcription, reading and familiarization, coding, searching
for themes, reviewing themes, defining and naming themes,
and finalizing the analysis) by Braun and Clarke [54]. Datawill
be initially analyzed at a semantic level to draw on the
reflections of participantsin relation to processes and practical
aspects of the assessments and interventions. However,
researchers will also identify latent themes, such as underlying
ideas and assumptions, which are theorized to shape and inform
semantic data.

Intervention

The balance retraining program focuses on exercises and
activitiesthat stimulate the vestibular system and theintegration
of all sensory inputs for effective postural control (Table 2)
[7,45,47]. The exercises are delivered in a group setting of up
to 6 participants with difficulty in the exercises being
individualized for each participant. The balance retraining
program is delivered by an experienced and registered
physiotherapist with 1 assistant for groups of 4 and above.
Participants in the noisy galvanic vestibular stimulation group
will receive 30 minutes of white noise galvanic vestibular
stimulation during the exercise program; the sham group will
receive sham stimulation during the exercise program, and the
control group will receive no intervention [4,21]. The noisy
galvanic vestibular stimulation generates a O mean random
signa with equa intensities at different frequencies via
electrodes applied over the mastoid process, which are attached
to a noisy galvanic vestibular stimulation device (Galvanic
Stimulator 0811, Soterix Medical). The intensity is set at 0.5
mA and is of imperceptible magnitude.

The noisy galvanic vestibular stimulation and sham groups will
commence the exercise program within 10 days of the initial
assessment. The exercise group will be offered to the control
group after the 3-month foll ow-up assessment at the end of their
participation in the study (Figure 1).

Category Time (minutes) Examples of exercises

Warmup 5 Multidirectional walking, turning, changing speed and size of movement

Vestibular 10 Standing, head turns with atarget- fixed- gaze stimulating the vestibular ocular reflex. Standing
on unstable surfaces eyes closed

Vision 5 Eyes open walking on narrow beam and standing on unstable surfaces

Somatosensory 5 Testing individuals' limits of stability; multidirectional lean, standing on unstable surfaces

Mobility-center of gravity con- 5
trol

Aerobic 5 Exercycle

Walking astraight line, weaving and turning during gait, changing base of support and posture
simultaneously while moving from low to high surfaces
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Figure 1. Participant flow through the study. nGV'S: noisy galvanic vestibular stimulation.
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Data M anagement

Data will be entered directly into customized REDCap digital
data collection forms; any paper forms will be uploaded into
the REDCap data management system. REDCap access is
password-protected and requires dual identification for entry.
Forms will have internal checks for completeness and where
appropriateindividual criteriawill have automatic range checks.
All data will be deidentified on exportation from the database
with analyses performed by a blinded member of the research
team. Blinding will not be lifted until data collection and final
follow-up assessment has been completed. Data will only be
accessible to the research team. The results will be made
available to participants on request and will be published in a
peer-reviewed journal .

Statistical M ethods

The analysis will focus on univariate models, such as linear
mixed models, but include measures of association. An
examination of within-subject datawill be carried out to measure
changes in key outcomes. This will help refine participant
selection, protocol, and suitability of outcome measuresfor the
full study. Responsiveness metrics such as effect size and
standardized response mean will be calculated for postural
control outcomesto inform the selection of the primary outcome
and power calculations for the intervention study.

https://www.researchprotocols.org/2021/10/e32085
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Semistructured interviews will be transcribed verbatim and
uploaded to NVivo. Data will undergo thematic analysis using
the Braun and Clark six-stage process of analysis (transcription,
reading and familiarization, coding, searching for themes,
reviewing themes, defining and naming themes, and finalizing
the analysis) [54]. Datawill beinitially analyzed at a semantic
level to draw on the reflections of participants in relation to
processes and practica aspects of the assessments and
interventions. However, researchers will also aim to identify
latent themes—the underlying ideas and assumptions that are
theorized to shape and inform semantic data.

Threatsto Attainment of Study Goals

Overview

Asafeasibility study investigating a novel treatment, there are
a number of aspects of the study that could impact both the
attainment of study goals and progression to a fully powered
study. Possible threats identified by the study team are the
inability to recruit, poor tolerance for noisy galvanic vestibular
stimulation, technical issues with noisy galvanic vestibular
stimulation, and adverse reactions to noisy galvanic vestibular
stimulation. Although there have been very low rates of adverse
effects with noisy galvanic vestibular stimulation, the
participants in this study receive a larger cumulative dose of
noisy galvanic vestibular stimulation compared with previous
studies.
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Thetrial will be deemed a success based on the following: (1)
recruitment at arate of 2 participants per week; (2) participants
attending 75% of available exercise sessions over 8 weeks; (3)
achieving 80% data compl eteness at each time point; (4) report
of no serious adverse eventsrelated to the intervention; and (5)
a subjective sense of perceived benefit, enjoyment, and
engagement in the program present in participants who
underwent qualitative assessment.

On the basis of previous research, we estimate that a sample of
72 would be sufficient to investigate feasibility and to determine
the sensitivity of our outcome measures to inform sample size
calculation for the full study.

Monitoring

The project manager will manage the day-to-day running of the
study. Before study commencement, training sessionsfor clinical

https://www.researchprotocols.org/2021/10/€32085
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and research staff will be conducted. Fidelity will be ensured
by the procedures outlined in Table 3. The data monitoring
committeewill consist of the research team, DT, SL, PFS, YW,
and RM, who will meet monthly viaZoom. They will monitor
the study to meet fidelity goals, adverse events, and unintended
effects. Adverse eventswill be recorded on an incident form by
the team member concerned, and the project manager and
principal investigator will be informed by email or phone as
appropriate. They will choose a course of action according to
the study protocol and inform al relevant members of the
research team. Compensation to those who are harmed during
the trial is available to participants via the Accident
Compensation Corporation, pending an eligible claim. It will
be the responsibility of the principal investigator in discussion
with the data monitoring committee to make the final decision
to terminate the trial.
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Table 3. Intervention fidelity.
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Program component

Definition

Success criteria

Staff training

Training

Supervision

Measurements

Recruitment

Methods

Eligibility

Intervention delivery

Intervention differences

Therapist competence

Monitoring drift

Corrective feedback

I ntervention receipt

Dose received

Participant understand-
ing

Protocols are standardized and training involves didactic

teaching, role playing and modeling

Freguency and duration of supervision are set out

Establishing compliance with delivery of treatment

Staged approach to advertising

Number of responders who were eligible and consented
to the study. Reasons for ineligibility or deciding not to

consent

Dose of exerciseand noisy galvanic vestibular stimulation

intervention

Experience and competence

Ensure program delivered correctly throughout the program

Feedback proceduresin place

Data collected regarding the number of sessions attended

for each participant

If aparticipant does not attend, they are followed up with

aphone call to assess any barriers to attendance

Petrol vouchers will be given to defray travel expenses

Qualitative interview

Protocol read and training modules completed by
all treating physiotherapists

Therapistsare supervised intheir initial treatment
sessions and then have “ spot checks’ for compli-
ance with the exercise program, progressionsand
documentation. All therapists have a contact

number of the PI% and project manager in the
case of an adverse event or self-identified queries
Or supervision requirements

Treatments recorded on a customized, standard-
ized form. Checked by the project manager to
ensure data completeness

Data collected regarding methods of recruitment
and number of people who responded via each

method, response rate, number of responders sent
aparticipant information sheet after initial contact

Screening data recorded on a standardized form
Average recruitment over the study of 2 partici-
pants per week

Expected dose and core components of the pro-
gram as per theintervention protocol were record-
ed on the standardized program record

Years of experience and areas of practice
recorded for all treating therapists

Physi otherapists completed and returned a stan-
dardized record of al treatment visits. One vis-
it per program between week 6 and 8 by a Pl or
project manager to ensure program continues to
be delivered correctly

Ongoing support and mentoring available if dis-
crepancies noted during monitoring of treatment
programs and documentation

Goal of 75% exercise sessions attended over 8
weeks

A subjective sense of perceived benefit, enjoy-
ment, and engagement in the program present in
participants who underwent qualitative assess-
ment
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Program component Definition

Success criteria

Participant adherence

Data collected regarding completion of follow-up data .
collection sessions. Participants may be contacted by

Checks for data completeness, 95% of da-
ta present at each time point

phone, email and mail depending on their preference and
every effort will be madeto provideamutually convenient

time for the assessment

«  Petrol voucherswill be given to defray travel expenses

8P1: principal investigator.

Ethical Consider ations

Ethicsapproval has been obtained from the Health and Disability
Ethics Council New Zealand (20/STH/111), with the approval
of the Auckland University of Technology Ethics Committee
(20/310). The trial has been prospectively registered with the
Australia New Zealand Clinical Trials Registry
(ACTRN12620001172998) and has a Universal Trial Number
of U1111-1241-2231.

Any amendments to the protocol will be done with approval
from the Health and Disability Ethics Council, and the locality
will aso be informed (via the Auckland University of
Technology Ethics Committee).

Results

Recruitment for our pilot study began on November 26, 2020
the protocol versionis 3.0 July 2, 2021. Initial recruitment was
slow dueto the COVID-19 pandemic, and some exercise groups
were affected due to short periods of restrictions on gatherings
affecting our region. However, despite these challenges, data
collection and analysis will be completed by December 2022.

Discussion

Thisstudy aimsto deliver novel findingsrelevant to older adults
at risk of falls. This study is the first step toward determining
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study will inform the design of a future definitive randomized
controlled trial.

Designing a trial to be conducted in a community setting
presents challenges. Although community exercise programs
are popular among older adults, older adults at risk of falling
are a more vulnerable group who may have less access to the
community or have anxiety about their stability and therefore
belessrepresented in these groups. There hasal so been apublic
health push worldwide for older adults to stay home and stay
safe during the ongoing COVID-19 outbreak. This has
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Abstract

Background: “POD Adventures’ is a gamified mental health intervention delivered via a smartphone app and supported by
counsellorsfor atarget popul ation of secondary school studentsin India. This paper describesthe protocol for apilot randomized
controlled trial of aremotely delivered version of the intervention in the context of COVID-19 restrictions.

Objective: Our objectivesareto assessthe feasibility of research procedures and intervention delivery and to generate preliminary
estimates of the effectiveness of the intervention to inform the sample size calculation of afull-scaletrial.

Methods: We will conduct a paralel, 2-arm, individually randomized pilot controlled trial in 11 secondary schools in Goa,
India. Thispilot trial aimsto recruit 70 participants with afelt need for psychological support. Participants will receive either the
POD Adventures intervention delivered over 4 weeks or usual care comprising information about local mental health services
and national helplines. Outcomes will be assessed at two timepoints: baseline and 6 weeks post randomization.

Results: Thefirst participant was enrolled on January 28, 2021, and 6-week assessment completed on April 4, 2021. Owing to
asecond wave of the COVID-19 pandemic in India, schoolsin Goawere closed on April 22, 2021. Tria participantsare currently
receiving the intervention or completing follow-up assessments.

Conclusions: This pilot trial will help understand the feasibility of implementing and evaluating a remotely delivered digital
mental health intervention in alow-resource setting. Our findings will be used to design future trials that can address difficulties
of accessing psychosacial support in-person and support wider effortsto scale up evidence-based mental health interventions for
young people.

Trial Registration: Clinical Trials.gov NCT04672486; https.//clinicaltrials.gov/ct2/show/NCT04672486

International Registered Report Identifier (IRRID): DERR1-10.2196/30339
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Introduction

Globally, 10%-20% of adolescents experience mental health
conditions, but the majority of them do not seek help or receive
care[1,2]. The COVID-19 pandemic hasincreased theincidence
of some mental disorders among the youth and has exacerbated
existing mental health problems [3-7], with worsening mental
health outcomes linked to social isolation, disrupted education,
and worries about the future [8].

The pandemic has also led to rapid and large-scale changesin
service provision, particularly in the transition to internet-based
ddivery of care[9,10]. Simultaneoudly, reviewsof digital mental
health interventions consistently raise concerns about the
bility of digital technol ogies among disadvantaged groups
[11] and difficulties keeping users engaged even among groups
with access to technology [12]. Though promising gamified
approaches have recently emerged [12,13], evidence from
low-resource settings is especially scare[14,15].

The current protocol describes a pilot feasibility trial of “POD
Adventures’—a novel gamified intervention delivered via a
smartphone app and supported remotely by counsellors for a
target population of secondary school students in India
Although theintervention was devel oped prior to the COVID-19
pandemic, the timing of the COV1D-19 outbreak meant that the
trial was launched in the midst of lockdowns and extended
school closures. This required a pragmatic trial design that
examined feasibility parameters related to the remote delivery
and evaluation of POD adventures specifically, as well as
offering insights into more general issues related to optimizing
recruitment and sustaining engagement in internet-based trials
and interventions.

POD Adventures is part of the PRIDE research program
(2016-2022), which was conceived to address the scarcity of
evidence-based interventions for common adolescent mental
health problemsin Indiaand low-resource settings more broadly.
This has involved the development and evaluation of a suite of
transdiagnostic psychological interventionsthat can be delivered
by nonspecialist (“lay”) counsellorsin under-resourced school
settings [16-18]. POD Adventures was conceptualized as an
open-access, early intervention to promote adaptive coping and
mitigate risksfor devel oping more severe and socially disabling
mental health problems in the longer term. The app was
collaboratively designed with adolescents by using a
person-centered approach [ 19]. Theintervention integrates brief
guidance from alay counsellor with self-guided digital content
from an app, in line with findings that human facilitation can
enhance engagement with and outcomes of digital mental health
interventions[12,20]. Co-design workshopswith young people
and iterative piloting suggested that the optimal delivery mode
for POD Adventures involved small group sessions with up to
6 students working independently on smartphones under the
supervision of a counsellor. This offline, school-based format
was evaluated in 2019-2020 as part of an uncontrolled cohort

https://www.researchprotocols.org/2021/10/€30339

study (N=248), with findings suggesting that the intervention
was acceptable, engaging, and feasible to deliver in school
settings [18].

This paper describes the protocol for a pilot randomized
controlled trial on POD Adventures delivered in an alternative
internet-based format, necessitated by COV ID-19-related school
closures in 2020-2021. School disruptions led us to reposition
the intervention on the internet and remotely delivered for
studentsto use at home. Theintervention maintainsall elements
of the pre-existing digital specification, although modifications
have been made for internet-based recruitment and remotely
delivered guidance from counsellors (Multimedia Appendix 1).
The specific objectives of thistrial are to assess the feasibility
of research procedures and intervention delivery and generate
preliminary estimates of the effectiveness of the intervention
to inform the sample size calculation for afull-scaletrial.

Methods

Design

This protocol adheres to the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) 2013
guidelines [21]. The study uses a parallel, 2-arm, individually
randomized pilot controlled trial design. Outcomes will be
assessed at two timepoints: baseline and 6 weeks post
randomization.

Setting

Thetria will be conducted in partnership with 11 coeducationa,
government-aided, English-medium secondary schoolsin Goa,
India, with an overall sampling frame of approximately 2500
students. Schools are relatively small with an average of 230
studentswithin grades 9-12, which will be targeted in this study.
Goaisone of India smost urbanized states and offersarelevant
context in which to eval uate a technol ogy-enabled intervention
intended for low-resource settings. The schools comprise
adol escents from both centrally located urban and remote rural
areas of the state.

Eligibility Criteria

Eligible participants will (1) be enrolled in grades 9-12 (ages
13-19 years) in collaborating schools, (2) have access to an
internet-enabled Android smartphone with avalid phone number
for the duration of the pilot trial, (3) be able to read and
understand English, and (4) provide their assent and parental
consent (for participants aged <18 years).

We will exclude students who (1) are unable to understand
intervention material (eg, owing to a reading or hearing
disability or inability to comprehend English) and (2) are
identified as having an elevated risk of self-harm or suicide and
requiring external referral, based on a brief screening
guestionnaire and follow-up structured interview.
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Interventions
I ntervention Arm

Content

POD Adventures is grounded in the stress-coping theory [22],
with a mechanistic focus on problem-solving. The content of
the POD Adventures app comprisestwo sections. “Adventures,”
which teaches problem-solving concepts and methods through
contextually appropriate games; and “My POD,” which scaffolds
the student through the application of step-by-step
problem-solving procedures to their own prioritized problems.

Table 1. Intervention overview.

Gonsalveset d

Thisis built around the acronym “POD,” which corresponds to
three problem-solving steps: (1) identify 1 or more current
distressing or impairing problems (“Problem identification”),
(2) identify ways of modifying the chosen problem or the
accompanying emotional response and sel ect themost promising
option (“Option generation™), and (3) implement the chosen
solution and evaluate the outcome (“Do it”) (Table 1). These
problem-solving stepswere originally refined and eval uated for
use in nondigital intervention formats through earlier PRIDE
studies[16]. The app will be provided in English with Konkani
or Hindi (local language) voice-over options.

Content sections Description

Delivery

Problem identification

Option generation

Problem identification and prioritization. This section in-
cludes practicing an emotion regulation exercise of “colour
breathing,” a guided breathing exercise with visualization.

Generating optionsto solve theidentified problems, learning
to weigh pros and cons, and selecting the best option. This
section includes practicing mindful stretching.

Individual telephone onboarding to orient the student to the
app and build rapport. Independent gameplay of the app with
support and troubleshooting as required.

Independent gameplay of the app with support and trou-
bleshooting as required.

“Doit” plan Making a“do it” plan for selected option(s); practicingan  Independent gameplay of the app with support and trou-
emoation regulation exercise of “happy place”’—guided im-  bleshooting as required.
agery exercise of imagining a place the participant feels
happy, safe, and calm.

Review Reviewing the outcomes of the “do it” plan and makinga  Individual telephone review of student’s progressand under-
revised plan where necessary; practicing any emotion regu-  standing of POD steps. |ndependent gameplay of the app
|ation exercise of the participant’s choice. with support and troubleshooting as required.

. Each participant’s progress through the will be visible to
Delivery participant's prog gh the app

Theintervention isdelivered individually through acombination
of 1.1 telephone guidance and app use at the participants own
time. In the first instance, participants will be directed to a
dedicated study website to watch a2-minute video that provides
an overview of the app and how to useit. They will then attend
a 1:1 brief telephone “on-boarding” session with a counsellor
in which the counsellor offers an overview of the intervention
and explores the participant’s prioritized problems. The
counsellor will aso provide the participant with a 4-digit app
download password to download the app from the study website
onto their own/shared family device. The app will be offered
to participants for use at their own time over 4 weeks for a
suggested minimum duration of 30 minutes per week. The app
guides participants through the Adventures and My POD
sections, and participants can choose to work on 1 or more
self-nominated problems. They are encouraged to work at their
own pacethrough al of the Adventures conte