JMIR Research Protocols

Impact Factor (2023): 1.4
Volume 10 (2021), Issue 6 ISSN 1929-0748 Editor in Chief: Xiaomeng (Simone) Ma, PhDc, MS, BS

Contents

Protocols

A Mobile Intervention to Promote Low-Risk Drinking Habits in Young Adults: Protocol for a Randomized
Controlled Trial (€29750)

Nikolaos Boumparis, Mieke Schulte, Annet Kleiboer, Anja Huizink, Heleen RIper. . . . ... .o e 5

Motivation and Problem Solving Versus Mobile 360° Videos to Promote Enroliment in the National Diabetes
Prevention Program’s Lifestyle Change Program Among People With Prediabetes: Protocol for a
Randomized Trial (€28884)

Bryan Gibson, Sara Simonsen, Jonathan Barton, Yue Zhang, Roger Altizer, Kelly Lundberg, David Wetter. . .. .......... ... .. .. .. .. .. ...... 18

Feasibility and Efficacy of Delivering Cognitive Behavioral Therapy Through an Online Psychotherapy Tool
for Depression: Protocol for a Randomized Controlled Trial (€27489)

Nazanin Alavi, Callum Stephenson, Megan Yang, Anchan Kumar, Yijia Shao, Shadé Miller, Caitlin Yee, Anthi Stefatos, Maedeh Gholamzadehmir,
Zara Abbaspour, Jasleen Jagayat, Amirhossein Shirazi, Mohsen Omrani, Archana Patel, Charmy Patel, Dianne Groll. . ....................... 29

The Impact of a Novel Mimicry Task for Increasing Emotion Recognition in Adults with Autism Spectrum
Disorder and Alexithymia: Protocol for a Randomized Controlled Trial (€24543)
Joshua Caine, Britt Klein, Stephen EAWArAS. . . . ... ..ottt e et e e e e e 37

Assessing the Pregnancy Protective Impact of Scheduled Nonadherence to a Novel Progestin-Only Pill:
Protocol for a Prospective, Multicenter, Randomized, Crossover Study (€29208)
Alison Edelman, Agnes Hemon, Mitchell Creinin, Pascale Borensztein, Bruno Scherrer, Anna Glasier. . . ........... . ... 51

Wireless Home Blood Pressure Monitoring System With Automatic Outcome-Based Feedback and Financial
Incentives to Improve Blood Pressure in People With Hypertension: Protocol for a Randomized Controlled
Trial (e27496)

Marcel Bilger, Agnes Koong, lan Phoon, Ngiap Tan, Juliana Bahadin, Joann Bairavi, Ada Batcagan-Abueg, Eric Finkelstein. .. ................. 59

Adaptation of the World Health Organization Electronic Mental Health Gap Action Programme Intervention
Guide App for Mobile Devices in Nepal and Nigeria: Protocol for a Feasibility Cluster Randomized Controlled
Trial (e24115)

Tatiana Taylor Salisbury, Brandon Kohrt, loannis Bakolis, Mark Jordans, Louise Hull, Nagendra Luitel, Paul McCrone, Nick Sevdalis, Pooja Pokhrel,
Kenneth Carswell, Akin Ojagbemi, Eric Green, Neerja Chowdhary, Lola Kola, Heidi Lempp, Tarun Dua, Maria Milenova, Oye Gureje, Graham
I8 o1 ] o | 72

Mobile Tuberculosis Treatment Support Tools to Increase Treatment Success in Patients with Tuberculosis
in Argentina: Protocol for a Randomized Controlled Trial (€28094)

Sarah Iribarren, Hannah Milligan, Kyle Goodwin, Omar Aguilar Vidrio, Cristina Chirico, Hugo Telles, Daniela Morelli, Barry Lutz, Jennifer Sprecher,
Fernando RUDINSIEIN. . . . ... e 88

JMIR Research Protocols 2021 | vol. 10 | iss. 6 | p.1

RenderX


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

A Digital Gaming Intervention to Improve HIV Testing for Adolescents and Young Adults: Protocol for
Development and a Pilot Randomized Controlled Trial (€29792)
Amanda Castel, Brittany Wilbourn, Connie Trexler, Lawrence D'Angelo, Daniel Greenberg. . ........... ... .. . . . 102

Physical Activity Together for People With Multiple Sclerosis and Their Care Partners: Protocol for a
Feasibility Randomized Controlled Trial of a Dyadic Intervention (e18410)
Afolasade Fakolade, Julie Cameron, Odessa McKenna, Marcia Finlayson, Mark Freedman, Amy Latimer-Cheung, Lara Pilutti. . . .............. 117

Optimizing Oral Targeted Anticancer Therapies Study for Patients With Solid Cancer: Protocol for a
Randomized Controlled Medication Adherence Program Along With Systematic Collection and Modeling
of Pharmacokinetic and Pharmacodynamic Data (e30090)

Carole Bandiera, Evelina Cardoso, Isabella Locatelli, Antonia Digklia, Khalil Zaman, Antonella Diciolla, Valérie Cristina, Athina Stravodimou, Aedo
Veronica, Ana Dolcan, Apostolos Sarivalasis, Aikaterini Liapi, Hasna Bouchaab, Angela Orcurto, Jennifer Dotta-Celio, Solange Peters, Laurent
Decosterd, Nicolas Widmer, Dorothea Wagner, Chantal Csajka, Marie Schneider. . . ... ... . e e e 132

Factors Influencing the Adoption of Contact Tracing Applications: Protocol for a Systematic Review (€28961)
Kiemute Oyibo, Kirti Sahu, Arlene Oetomo, PlINIO MOKIta. . . . . ..ot e e e e e e e e e e e e e 142

The Presence of Fungal and Parasitic Infections in Substances of Human Origin and Their Transmission
via Transfusions and Transplantations: Protocol for Two Systematic Reviews (e25674)

Petros Dinas, Dragoslav Domanovic, Yiannis Koutedakis, Christos Hadjichristodoulou, loannis Stefanidis, Kalliope Papadopoulou, Konstantinos
Dimas, Konstantinos Perivoliotis, Konstantinos Tepetes, Andreas FIOUNS. . . . .. ... s 150

Risk Indicators for Early Childhood Caries in South Africa: Protocol for a Systematic Review (€26701)
Faheema Kimmie-Dhansay, Robert Barrie, Tina Roberts, Sudeshni Naid0o. . . . .. .. ..o e e 158

The Effectiveness and Usability of Online, Group-Based Interventions for People With Severe Obesity:
Protocol for a Systematic Review (€26619)

Madison Milne-Ives, Dawn Swancutt, Lorna Burns, Jonathan Pinkney, Mark Tarrant, Raff Calitri, Arunangsu Chatterjee, Edward Meinert. . . .
1 6 3

Impact of Digital Educational Interventions to Support Parents Caring for Acutely Ill Children at Home and
Factors That Affect Their Use: Protocol for a Systematic Review (e27504)

Madison Milne-lves, Sarah Neill, Natasha Bayes, Mitch Blair, Jane Blewitt, Lucy Bray, Enitan Carrol, Bernie Carter, Rob Dawson, Paul Dimitri,
Monica Lakhanpaul, Damian Roland, Alison Tavare, Edward Meinert, ASK SNIFF CONSOrtiuM. . .. ... ..ttt 170

Adaptation of a Live Video Mind—Body Program to a Web-Based Platform for English-Speaking Adults
With Neurofibromatosis: Protocol for the NF-Web Study (e27526)

Ethan Lester, Sarah Hopkins, Paula Popok, ANa-Maria VIanCEANU. . . . . .« .. v ittt et e et e et e et e e e et e e e e e e e 187

Monitoring Diagnostic Safety Risks in Emergency Departments: Protocol for a Machine Learning Study
(e24642)

Moein Enayati, Mustafa Sir, Xingyu Zhang, Sarah Parker, Elizabeth Duffy, Hardeep Singh, Prashant Mahajan, Kalyan Pasupathy. . ............. 197

The GIMEMA-ALLIANCE Digital Health Platform for Patients With Hematologic Malignancies in the
COVID-19 Pandemic and Postpandemic Era: Protocol for a Multicenter, Prospective, Observational Study
(e25271)

Fabio Efficace, Massimo Breccia, Paola Fazi, Francesco Cottone, Bernhard Holzner, Marco Vignetti. . .. ........ .. ... 209
STAR Duodecim eHealth Tool to Recognize Chronic Disease Risk Factors and Change Unhealthy Lifestyle

Choices Among the Long-Term Unemployed: Protocol for a Mixed Methods Validation Study (e27668)
Henna Kuhlberg, Sari Kujala, liris Horhammer, Tuomas KOSKela. . . . . . ... o e e e e 223

JMIR Research Protocols 2021 | vol. 10 | iss. 6 | p.2

RenderX


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

Using a Tailored Digital Health Intervention for Family Communication and Cascade Genetic Testing in
Swiss and Korean Families With Hereditary Breast and Ovarian Cancer: Protocol for the DIALOGUE Study
(e26264)

Sue Kim, Monica Aceti, Vasiliki Baroutsou, Nicole Birki, Maria Caiata-Zufferey, Marco Cattaneo, Pierre Chappuis, Florina Ciorba, Rossella
Graffeo-Galbiati, Viola Heinzelmann-Schwarz, Joon Jeong, MiSook Jung, Sung-Won Kim, Jisun Kim, Myong Lim, Chang Ming, Christian Monnerat,
Hyung Park, Sang Park, Carla Pedrazzani, Manuela Rabaglio, Jai Ryu, Ramon Saccilotto, Simon Wieser, Ursina Zirrer-Hardi, Maria Katapodi.

2 4 4

Supporting Clinicians to Use Technology to Deliver Highly Personalized and Measurement-Based Mental
Health Care to Young People: Protocol for an Evaluation Study (e24697)

Henriette Dohnt, Mitchell Dowling, Tracey Davenport, Grace Lee, Shane Cross, Elizabeth Scott, Yun Song, Blake Hamilton, Samuel Hockey,
Cathrin Rohleder, Haley LaMonica, 1an HiCKI€. . . . . . ... . i e e e e e e e e e e 260

Exploring Nurse and Patient Experiences of Developing Rapport During Oncology Ambulatory Care
Videoconferencing Visits: Protocol for a Qualitative Study (e27940)
Paula Koppel, JENNIE DE GaAgNE. . . . o .ottt e et e e et e e e e e e 269

Directly Observed Therapy to Measure Adherence to Tuberculosis Medication in Observational Research:
Protocol for a Prospective Cohort Study (€24510)

Elizabeth Ragan, Christopher Gill, Matthew Banos, Tara Bouton, Jennifer Rooney, Charles Horsburgh, Robin Warren, Bronwyn Myers, Karen
JACOD S ON. L ot 280

Engaging Sexual and Gender Minority Youth in HIV Interventions Through Gay Dating Apps: Recruitment
Protocol (€28864)

Manuel Ocasio, Maria Fernandez, Ja'Lon Joseph, Roxana Rezai, ATN CARES TeaM. . . . . .. ittt it e et 288

Monitoring Beliefs and Physiological Measures Using Wearable Sensors and Smartphone Technology
Among Students at Risk of COVID-19: Protocol for a mHealth Study (€29561)

Christine Cislo, Caroline Clingan, Kristen Gilley, Michelle Rozwadowski, I1zzy Gainsburg, Christina Bradley, Jenny Barabas, Erin Sandford, Mary
Olesnavich, Jonathan Tyler, Caleb Mayer, Matthew DeMoss, Christopher Flora, Daniel Forger, Julia Cunningham, Muneesh Tewari, Sung
L 3 Vo P 298

Using Co-design to Explore How Midwives Can Support the Emerging Mother-Infant Relationship During
the Early Postnatal Period: Protocol for a Mixed Methods Study (e29770)

Cathy Stoodley, Lois McKellar, Tahereh Ziaian, Mary Steen, lan Gwilt, Jenny Fereday. . . . ...t e 307

Integrated Prevention at Work: Protocol for a Concept Analysis (€29869)
Alexandra Lecours, Marie-Eve Major, Claude Vincent, Valérie Lederer, Marie-Eve Lamontagne. . .. ... 319

Building Social-Ecological System Resilience to Tackle Antimicrobial Resistance Across the One Health
Spectrum: Protocol for a Mixed Methods Study (e24378)

Irene Lambraki, Shannon Majowicz, Elizabeth Parmley, Didier Wernli, Anais Léger, Tiscar Graells, Melanie Cousins, Stephan Harbarth, Carolee
Carson, Patrik Henriksson, Max Troell, Peter JOrgeNSEN. . . . . ..ttt ettt e et e et e e e e e e e e 326

Understanding the Lived Experience of North American Dental Patients With a Single-Tooth Implant in the
Upper Front Region of the Mouth: Protocol for a Qualitative Study (e25767)
Kelvin Afrashtehfar, Stephen Bryant. . . .. ... e e e e e e 342

COVID-19 Infection, Reinfection, and Vaccine Effectiveness in Arizona Frontline and Essential Workers:
Protocol for a Longitudinal Cohort Study (e28925)

Karen Lutrick, Katherine Ellingson, Zoe Baccam, Patrick Rivers, Shawn Beitel, Joel Parker, James Hollister, Xiaoxiao Sun, Joe Gerald, Kenneth
Komatsu, Elizabeth Kim, Bonnie LaFleur, Lauren Grant, Young Yoo, Archana Kumar, Julie Mayo Lamberte, Benjamin Cowling, Sarah Cobey,
Natalie Thornburg, Jennifer Meece, Preeta Kutty, Janko Nikolich-Zugich, Mark Thompson, Jefferey Burgess. . .. .......... ... .. .. .. .. ..... 353

The Impact of COVID-19 Vaccine Communication, Acceptance, and Practices (CO-VIN-CAP) on Vaccine

Hesitancy in an Indian Setting: Protocol for a Cross-sectional Study (€29733)
Krishna Surapaneni, Mahima Kaur, Ritika Kaur, Ashoo Grover, Ashish JOShi. . . . ... ... . e e 366

JMIR Research Protocols 2021 | vol. 10 | iss. 6 | p.3

RenderX


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

Psychological Impacts of the COVID-19 Pandemic Among Portuguese and Swiss Higher-Education
Students: Protocol for a Mixed Methods Study (e28757)

Ana Querido, Djamel Aissaoui, Maria Dixe, Francoise Schwander-Maire, Tanya Cara-Nova, Zaida Charepe, Carlos Laranjeira. .. .............. 373

Automation of Article Selection Process in Systematic Reviews Through Artificial Neural Network Modeling
and Machine Learning: Protocol for an Article Selection Model (€26448)
Gabriel Ferreira, Marcos Quiles, Tiago Nazaré, Solange Rezende, Marcelo DEmarzo. . . ....... .. ..ottt e 398

Defining the Scope of Digital Public Health and Its Implications for Policy, Practice, and Research: Protocol
for a Scoping Review (e27686)
lhoghosa lyamu, Oralia Gémez-Ramirez, Alice Xu, Hsiu-Ju Chang, Devon Haag, Sarah Watt, Mark Gilbert. . . .. ...... ... ... ... .. .. .. ... 404

Proposals

Distributed Ledger Infrastructure to Verify Adverse Event Reporting (DeLIVER): Proposal for a
Proof-of-Concept Study (€28616)

Madison Milne-lves, Ching Lam, Najib Rehman, Raja Sharif, Edward Meinert. . . . .. ... ..o e e 180

Assessing Health-Related Quality of Life, Morbidity, and Survival Status for Individuals With Down Syndrome
in Pakistan (DS-Pak): Protocol for a Web-Based Collaborative Registry (€24901)
Ayat Siddiqui, Laila Ladak, Abdul Kazi, Sidra Kaleem, Fizza Akbar, Salman Kirmani. . . ......... . e 232

Clustering of Unhealthy Behaviors: Protocol for a Multiple Behavior Analysis of Data From the Canadian
Longitudinal Study on Aging (€24887)

Zack van Allen, Simon Bacon, Paquito Bernard, Heather Brown, Sophie Desroches, Monika Kastner, Kim Lavoie, Marta Marques, Nicola McCleary,
Sharon Straus, Monica Taljaard, Kednapa Thavorn, Jennifer Tomasone, JUStiN PreSSEaU. . . . .. .o vttt e e e 384

Corrigenda and Addenda

Correction: Disparities in Care Outcomes in Atlanta Between Black and White Men Who Have Sex With
Men Living With HIV: Protocol for a Prospective Cohort Study (Engage[men]t) (e30020)

Patrick Sullivan, Jennifer Taussig, Mariah Valentine-Graves, Nicole Luisi, Carlos Del Rio, Jodie Guest, Jeb Jones, Greg Millett, Eli Rosenberg,
Rob Stephenson, Colleen Kelley. . . .. ... . 396

JMIR Research Protocols 2021 | vol. 10 | iss. 6 | p.4

RenderX


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

JMIR RESEARCH PROTOCOLS Boumparis et &

Protocol

A Mobile Intervention to Promote Low-Risk Drinking Habits in
Young Adults: Protocol for a Randomized Controlled Trial

Nikolaos Boumparis', MSc; Mieke H Schulte®, PhD; Annet Kleiboer’, PhD; AnjaHuizink®, PhD; Heleen Ripert, PhD

Department of Clinical, Neuro and Developmental Psychology, Amsterdam Public Health Research Institute, Vrije Universiteit Amsterdam, Amsterdam,
Netherlands

Corresponding Author:

Heleen Riper, PhD

Department of Clinical, Neuro and Devel opmental Psychology
Amsterdam Public Health Research Institute

Vrije Universiteit Amsterdam

Van der Boechorststraat 7

Amsterdam, 1081 BT

Netherlands

Phone: 31 631673537

Email: h.riper@vu.nl

Abstract

Background: Young adults drinking habits commonly exceed recommendations for low-risk drinking, which may have a
negative effect on their mental, social, and physical health. As smartphones are highly accessible to young adults, mobile apps
could be used to support young adults to develop low-risk drinking habits and improve their general health.

Objective: The objective of this study isto evaluate the effectiveness of Boozebuster, a self-guided mobile app based on healthy
lifestyle—related components that aim to develop and maintain low-risk drinking habits among young adults.

Methods: This two-arm, paralel-group randomized controlled trial will investigate whether a 6-week self-guided mobile
intervention (Boozebuster) targeting drinking behavior is more effective than a minimal intervention consisting of an educational
website on alcohol use and its consequences for young adults. We will recruit 506 young adults (aged 18-30 years) from the
Netherlands via an open recruitment strategy by using an open access website. All outcomes will be self-assessed through
guestionnaires. The primary outcome is the quantity and frequency of acohol consumption in standard drinks (10 g ethanol per
standard drink) per month (timeline follow-back [TLFB]). Secondary outcomes include binge-drinking sessions per month,
alcohol-related problem severity (Rutgers Alcohol Problem Index), cannabis use frequency and quantity in grams (TLFB),
depressive symptoms (Center for Epidemiological Studies Depression Scale), perceived stress (Perceived Stress Scal€), engagement
(Twente Engagement with eHealth Technologies Scale), readiness to change (Readiness to Change Questionnaire), mental
well-being (Warwick-Edinburgh Mental Wellbeing Scale), trauma and COVID-19—elated trauma (Short-Form Posttraumatic
Stress Disorder Checklist for Diagnostic and Statistical Manual of Mental Disorders, 5th Edition), impulsivity (Urgency,
Premeditation, Perseverance, Sensation Seeking, Positive Urgency Impulsive Behavior Scale), study or work performance
(Individual Work Performance Questionnaire), and treatment adherence. Baseline (T0), 6-week postbaseline (T1), and 3-month
postbaseline (T2) assessments will be conducted and analyzed on the basis of the intention-to-treat principle using multilevel
mixed modeling analyses.

Results: Recruitment beganin September 2020. We received 933 registrations viaour study information website; 506 participants
have completed the TO assessment, 336 participants have completed the T1 assessment, and 308 participants have completed the
T2 assessment as of May 2021. The study is still in progress, and results will be reported in 2021 and 2022.

Conclusions:  Self-guided mobile interventions based on a lifestyle approach might be an attractive approach for young adults
duetotheir preference on self-reliance, healthy living, and increased perceived anonymity. Such interventions are yet understudied,
and it is known that interventions addressing solely problem drinking are less appealing to young adults. We hypothesize that
the Boozebuster mobile app will effectively reduce drinking levels compared to an a cohol educational website (control condition).
If effective, our intervention could be an inexpensive and scalable public health intervention to improve drinking habitsin young
adults.

Trial Registration: Netherlands Trial Register NL8828; https://www.trialregister.nl/trial /8828
International Registered Report Identifier (IRRID): DERR1-10.2196/29750
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Introduction

It is well known that the prevalence of alcohol consumption
among young adults is high and that their drinking habits
commonly exceed low-risk drinking guidelines[1]. A study by
the Dutch National Institute for Public Health and the
Environment (Rijksinstituut voor Volksgezondheid en Milieu)
showed, for example, that 8.9% of young adultswere considered
problem drinkers, defined as individuals who drink more than
21 standard glasses of alcohol per week for males and more
then 14 standard glasses of acohol per week for females.
Alcohol consumption among young adults is characterized by
a drinking pattern that differs from the general population.
Specifically, we know that young adults are more likely to binge
drink, especially during the weekends [2]. In addition, binge
drinking occurs in about 11.4%-19.4% of young adults (18-29
years of age) compared to approximately 7.7% of the general
population [3]. Consequently, young adults' drinking patterns
pose a significant negative effect on young adults mental,
social, and physical health [4].

According to the literature, face-to-face interventions delivered
inindividual or group settings targeting young adults’ drinking
patterns are effective [5,6]. However, given that young adults
commonly avoid traditional counseling servicesdueto perceived
stigma and their preference for self-reliance [7,8], a potential
solution to overcome these obstacles might be to provide
self-guided digital interventions, which require limited resources
compared to traditional prevention and treatment services.

Ample digital interventions that are aimed to reduce drinking
levels in young adults, mostly in university settings located in
the United States or Australia, have been previously evaluated.
The majority of these interventions consist of internet-based
single-session interventions, based on personalized normative
feedback (PNF), that aim to correct erroneous perceptions of
peer drinking levels by assessing personal drinking levels and
consequently comparing them with drinking levels in
similar-aged peer groups [9]; genera alcohol education
programs that are commonly incorporated within general
education curriculums and provide educational modul es about
alcohol use, its dangers, and often focus on ensuring students
comply with the law [10]; or brief interventions that screen for
problematic drinking patterns and present feedback motivating
individuals to alter those patterns [11].

The majority of the above-described digital interventions are
delivered viaa computer or web browser. However, it has been
claimed that mobile apps are more suitable for young adults
given the flexibility, interactivity, and their spontaneous nature
[12]. However, arecent review assessed mobile apps devel oped
with the purpose of managing alcohol consumption found that
the evidenceis promising but still inconclusive given the mixed
results[13].

https://www.researchprotocol s.org/2021/6/€29750

Although single-session interventions can reach a high number
of individuals dueto their appealing, limited time requirement,
they are associated with afew important disadvantages such as
the relatively small effect sizes produced and the limited
longevity of those effects. For example, meta-analyses assessing
single-session interventions show small effect sizes when
compared to assessment only, attention-matched, or active
controls ranging from g=0.18 to g=0.29 [5,14-18]. In addition,
studies that assess long-term outcomes often show that those
effects cease to exist in follow-up periods [19]. Lifestyle
medicine is a relatively new approach for the potential
prevention, promotion, and management of mental health
conditions. It involves the use of environmental, behavioral,
and psychological principles to improve physical and mental
well-being by modifying lifestyle factors such as diet, physical
activity, relaxation, sleep, and stress [20]. Although lifestyle
modification has been extensively studied in particular regarding
the prevention of chronic diseases[21], research about itsvalue
in curbing drinking among young adults is very limited.
However, studies have shown that digital lifestyleinterventions
that target multiple behaviors may increase and prolong the
effectiveness of behavioral changeinterventionstargeting young
adults [22-24].

Therefore, in our intervention, we decided to incorporate
relevant lifestyle components that have been shown to be
perceived as relevant and important for our target group’'s
general well-being [25-27]. Such lifestyle-related topicsinclude
deeping habits, mood, and perceived stress. We expect that by
providing young adults with relevant lifestyle components in
addition to the alcohol-related intervention content, we have a
potential to increase and prolong effect sizes regarding drinking
outcomes, while retaining the acceptability and reach of
single-session interventions.

Methods

Study Design

We will conduct a two-arm, paralel-group randomized
controlled trial (RCT) comparing a 6-week mobile app
(Boozebuster) with an active educational website control
condition. Participantsin the Boozebuster condition will receive
access to the self-guided mobile app; participantsin the control
condition will receive access to an educational website
containing information about the effects and consequences of
alcohol use on health. The Scientific and Ethical Review
Committee of the Faculty of Behavioral and Movement Sciences
of the Vrije Universiteit Amsterdam has approved the study
protocol, informational letter, and informed consent process.
The primary and secondary outcomes in addition to the exact
timepoints at which each measure will be applied is presented
in Table 1. The study is registered with the Netherlands Tria
Registry (NL8828).
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Table 1. Overview of study measurements, timepoints, and instruments.

Boumparis et al

Outcome measures Baseline (TO) 6-week postbaseline(T1) 3-month postbaseline (T2)
Sociodemographics d

Alcohol consumption, frequency, and quantity (TLFB?) 0 . o
Binge-drinking frequency g O

Cannabis consumption, frequency, and quantity (TLFB) ad

Depressive symptoms (CES—Db Scale) O 0 U
Perceived stress (PSSC) 0 0 0
Alcohol-related problem severity (RAPIY) 0 0 0
Readiness to change (RCQ®) 0 0

Task performance (IWPQf) 0 0 u
Engagement (TWEETS?) O 0

Mental well-being (WEMWBS") 0 0 0
Short-form PCL-5' O O o
Short-form PCL-5 - COVID-19 ad ad O
UPPS-P Impulsive Behavior Scale O 0 u

&TLFB: timeline follow-back.

BCES-D: Center for Epidemiological Studies Depression.

®PSS: Perceived Stress Scale.

9RAPI: Rutgers Alcohol Problem Index.

®RCQ: Readiness to Change Questionnaire.

fIWPQ: Individual Work Performance Questionnaire.

9TWEETS: Twente Engagement with eHealth Technol ogies Scale.
PWEMWBS: Warwick-Edi nburgh Mental Wellbeing Scale.

IPCL-5: Posttraumatic Stress Disorder Checklist for Diagnostic and Statistical Manual of Mental Disorders, 5th edition.
JUPPS-P: Urgency, Premeditation, Perseverance, Sensation Seeking, Positive Urgency.

Inclusion Criteria

Young adults will be €eligible for the RCT if they meet the
following criteriac (1) aged between 18 and 30 years, (2)
willingness to devel op healthy lifestyle behaviors and low-risk
drinking habits, (3) provision of informed consent digitally, (4)
proficiency in reading and writing in Dutch, (5) access to an
Android or 10S device with connection to the internet, and (6)
possession of an email address. We did not apply a minimum
drinking severity inclusion criterion. Our reasoning for not
screening drinking severity is based on the fact that the Dutch
drinking guidelines recommend an alcohol consumption level
of zero or no more than 1 alcoholic drink per day.

Recruitment

We will make use of an open recruitment strategy, specifically,
by means of advertisements on social media and health-related
websites and via posters on educational facilities. These
advertisements contain alink to our study information website
[28]. Interested respondents can apply by leaving their email
address, and they will be consequently contacted via email by
the research team. The participants will be invited to complete
a baseline assessment (T0), 6-week postbaseline assessment
(T1), and 3-month postbaseline assessment (T2) via the

https://www.researchprotocol s.org/2021/6/€29750

computerized Castor Electronic Data Capture (EDC) system
[29]. All participants will be offered an incentive of €10 (US
$12.2) for completing the T1 assessment and an additional €10
(US $12.2) incentive for completing the T2 assessment.

Randomization

First, participantswill be screened, asked to fill out the baseline
assessment (T0), and then randomized into either the mobile
intervention or the educational website group. The allocation
seguence will be automatically generated viathe computerized
Castor EDC system by using a1:1 allocation ratio with random
block sizes of 4 and 6, which a so ensures allocation sequence
concealment. Participants will be informed about the outcome
of the randomization via email by a member of our research
team. Initial stratification will be into two groups according to
gender (ie, male and femae). Within these two groups,
participantswill befurther stratified into two groups categorized
by adherence or nonadherenceto the Dutch drinking guidelines.
Nonadherence will be defined as the consumption of more than
7 drinks per week or at least one binge-drinking session (=5
drinks for male participants and =4 drinks for female
participants) in the past 30 days. This will create four strata.
Because of the nature of our study design, blinding of group
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allocation for participantsis not possible. Figure 1 provides an

Boumparis et al

overview of thetrial flow.

Figure 1. Overview of the participant flow for the randomized controlled trial.

Baseline
assessment
(Ta)

Randomization

Will be allocated to
mobile
intervention

l

&-week
posttreatment
assessment [T1)

l

3-month follow-up

Will be allocated to
the educational
website condition

l

G-week
posttreatment
assessment [T1)

l

3-month follow-up

(Tz) (Tz)
Analyzed by Analyzed by
intention-to-treat intention-to-treat
analyses analyses

Sample Size

Previous meta-analyses assessing drinking reduction in young
adults compared to assessment only, attention-matched, or active
controls [17,18] found small effect sizes of about g=0.25.
Although we expect the Boozebuster intervention to outperform
previous interventions in reducing the quantity and frequency
of alcohol consumption in comparison to the control condition

https://www.researchprotocol s.org/2021/6/€29750

at the posttest assessments, we decided to base our sample size
calculation on this conservative effect estimate. These
estimations would result with a=.05 and 1-3=.80 in a sample
size of 253 per study arm (ie, N=506).

Intervention

Boozebuster is a mobile app aimed at developing low-risk
drinking habitsin young adults according to the Dutch drinking
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guidelines. It has been developed by Vrije Universiteit
Amsterdam in collaboration with the Institute for Systems and
Computer Engineering, Technology and Science [30].
Boozebuster is based on the Moodbuster platform, which is
being used for a variety of research projects funded by the
European Union [31,32].

Boozebuster focuses on the importance of the individuals
motivation, self-efficacy, and environmental constraints with
regard to drinking. The behavioral change techniques used
include PNF [18], motivational interviewing [33], cognitive
behavioral therapy [34], goal setting [35], self-monitoring [36],
protective behavioral strategies[37], and mindfulness [38].

Boozebuster contains a total of seven modules and was
devel oped with thefollowing rationalein mind: the PNF module
serves asthefirst assessment of young adults’ drinking patterns
and comparesit with peer norms and the official Dutch drinking
guidelines [39]. This procedure creates awareness among the
individuals about their alcohol consumption in relation to their
peers and has shown to be an effective approach in initiating
drinking-related changes [40]. The incorporated motivational
interviewing module motivates the individual s to change their
alcohol-related behaviors by assisting them in building
confidenceintheir ahilitiesfor achieving their goals. In addition,
Boozebuster includes a variety of lifestyle support modules,
such as relaxation, improving sleep, drinking diary, gratitude
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diary, and an emergency button specifically designed to provide
recommendations for acute cravings. These modules provide
individuals with tools to deal with cravings, peer pressure, and
stress that might otherwise interfere with their drinking-related
goals.

Participants in the Boozebuster group will be able to monitor
their daily alcohol consumption via ecologica momentary
assessments (EMA) [41] in terms of the amount of standard
drinks consumed, their mood via daily mood ratings on ascale
of 1 (low) to 10 (high), and their dleep quality via daily sleep
quality ratings on a scale of 1 (low) to 10 (high). Participants
will aso be able to monitor their progress on the three
abovementioned key behaviors (ie, drinking, mood, and sleep)
via visual feedback (ie, visualization of their scores) through
the mobile app.

Participants are free to use Boozebuster during the 6-week study
duration as frequently as desired. The reason we opted for a
6-week period is because it is the recommended timeframe in
which alcohol-related changes can occur and be measured [42].
Hence, participants will be stimulated and motivated to engage
with our intervention via the daily reminders of the EMA
function during the 6 weeks of study participation. Figure 2
provides an overview of the Boozebuster mobile app and its
modules.
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Figure 2. Screenshot of the Boozebuster mobile app (home screen).
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Participants in the control condition will receive access to an
educational website containing information on the effects and
consequences of acohol use on health. Only participants
alocated to the control condition will have access to this
website.
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Outcome M easures

Given that applied outcome measuresin the alcohol intervention
literature vary considerably we decided to follow the advice
and included key outcomes based on the recommendation of
the Outcome Reporting in Brief Intervention Trials on Alcohol
(ORBITAL) framework [43].
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Primary Outcomes

Alcohol Consumption, Frequency, and Quantity

The primary outcome is the quantity and frequency of alcohol
consumption in terms of standard drinks (10 g ethanol per
standard drink) per month; this will be assessed through the
timeline follow-back (TLFB) method [44], which measures
alcohol consumption during the prior 30 daysin terms of number
of standard drinks. The TLFB iswidely used in obtaining data
on the frequency of occurrence of drinking behavior, has been
evaluated in various clinical and nonclinical populations, and
has been shown to have good psychometric characteristics
[45,46].

Secondary Outcomes

Intervention Adherence

Intervention adherence will be calculated descriptively based
on the percentage of participants who completed the main PNF
and motivational interviewing module.

Readinessto Change

The Readinessto Change Questionnaire (RCQ) [47] isa12-item
self-report questionnaire assessing participants readiness to
change according to the three stages of change
precontemplation, contemplation, and action. The items are
rated on a 5-point scale from —2 (totally disagree) to 2 (totally
agree). The scores of each stage of change are calculated by
adding the individual item scores of the relevant scale. The
range of each scale is —8 through O to +8. A negative score
indicates an overall disagreement with the items measuring the
particular stage of change, whereas a positive score represents
overall agreement. The RCQ has previously been applied in
Dutch clinical settings and has proven to be areliable and valid
tool to measure an individual’s readiness to change [48,49].

Binge Drinking
Participants will be asked to indicate the number of

binge-drinking days defined as 4 (for females) or 5 (for males)
standard drinks on one drinking occasion over the past 30 days.

Alcohol-Related Problem Severity

Alcohol-related problem severity will be assessed via the
Rutgers Alcohol Problem Index (RAPI) [50]. The RAPI isan
18-item self-reporting scale that measures alcohol-related
problems. The questions are answered on a 4-level scoring
system, with higher scores indicating higher levels of
alcohol-related problems. Thetotal scoreisderived by summing
theindividual scoresfor each of the 18 items on ascale of 0 to
3; consequently, total scores range from 0 to 54. The RAPI is
widely used to assess alcohol-related problems in adolescents
and university studentsand isconsidered reliableand valid [50].

Cannabis Use Frequency and Quantity

Cannabis use frequency was assessed using the TLFB method
[51]. Furthermore, we asked participantsto estimate the quantity
of cannabis consumed (in grams) during the previous 30 days.
The TLFB method has shown to collect reliable and
psychometrically sound information about individuals' daily
cannabisuse [52].
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Depressive Symptoms

Depressive symptoms will be assessed via the Center for
Epidemiological Studies Depression (CES-D) scae [53], a
20-item self-report scale designed to measure depressive
symptoms. The CES-D has been tested in various settings and
is considered a reliable and valid tool to measure depressive
symptoms in a variety of populations also including young
adults[54]. Responses are based on the frequency of occurrence
of depressive symptoms. The questionnaire uses a 4-point
ordinal scale: 0 (not at al), 1 (several days), 2 (more than half
the days), and 3 (nearly every day). The scores of the CES-D
scale range between 0 and 60, with cut-off scores of 16 and 20
indicative of mild depressive symptoms, scores between 21 and
25 areindicative of moderate depressive symptoms, and scores
between 26 and 60 suggest severe depressive symptoms [55].

Mental Well-being

The Warwick-Edinburgh Mental Wellbeing Scale ( WEMWBS)
[56] isal4-item self-report scal e that measures positive mental
well-being. Theitemsarerated on ascale of 1 (noneof thetime)
to 5 (al of the time). Higher scores indicate higher levels of
positive mental well-being among respondents. TheWEMWBS
has been previously validated in a Dutch setting and has proven
to be a reliable and valid tool to measure individuals' mental
well-being [57].

Perceived Stress

The Perceived Stress Scale (PSS) [58] is a 10-item self-report
scalethat measures perceived stress. The questions are answered
on a 5-level scoring system in which higher scores indicate
higher levels of perceived stress. The total score is derived by
summing the individual scores for each of the 10 items on a
scale of 0 to 4; consequently, total scores range from 0 to 40.
The PSS is considered a reliable and valid screening tool for
perceived stress[59].

Study or Work Performance

The task performance scale is a 5-item self-report scale that
measures study or work performance and is part of the
Individual Work Performance Questionnaire [60]. The total
score is derived by summing the individual scores for each of
the 5 items on a scale of 0 to 4; consequently, total scoresrange
from0to 20. Thetask performance scaleisconsidered areliable
and valid screening tool for measuring study or work
performance among adults [61].

Engagement

Engagement will be measured viathe Twente Engagement with
eHealth Technologies Scale (TWEETS) [62], a 9-item
self-report scale that can be used to measure expectations of
current or past engagement with digital interventions. In this
study, the expected and past engagement will be assessed. The
guestions are answered on a 5-level scoring system in which
higher scores indicate higher levels of treatment engagement.
Thetotal scoreisderived by summing the individual scoresfor
each of the 9 items on a scale of 0 to 4; consequently, total
scores range from 0 to 40. The TWEETS has shown to be a
valid tool that possesses good psychometric qualities to assess
engagement with eHealth technologies [63].

JMIR Res Protoc 2021 | vol. 10| iss. 6 [€29750 | p.11
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Short-Form Posttraumatic Stress Disorder Checklist for
Diagnostic and Statistical Manual of Mental Disorders, 5th
Edition

The short-form version of the posttraumatic stress disorder
(PTSD) Checklist for Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition (DSM-5), or PCL-5 [64], is a
4-item self-report scale that screens for PTSD symptoms
according to the DSM-5. The items are rated on a scale of 0
(not at al) to 4 (extremely). Higher scores indicate a higher
likelihood for the screened individuals to fulfill the criteria of
PTSD according to the DSM-5. However, the PCL-5 is meant
to provideaprovisional PTSD diagnosisin circumstanceswhere
a structured clinica interview is not feasible. The short-form
PCL-5 has been previously validated in the Dutch population
and has proven to be areliable and valid tool [65].

Short-Form PCL-5-COQOVID-19

Given the unprecedented situation that emerged dueto the global
COVID-19 pandemic, we decided to include amodified version
of the short-form PCL -5 that measures only stressorstied to the
COVID-19 pandemic. Theshort-form PCL-5—COVID-19 scale
that we used for this study is identica to the previously
introduced short-form PCL-5; however, we specifically asked
participants to indicate on this scale only stressors that are
associated with the COVID-19 pandemic.

Urgency, Premeditation, Per sever ance, Sensation Seeking,
Positive Urgency | mpulsive Behavior Scale

The reason we decided to include this measurement tool is due
to the fact that impulsivity is a significant risk factor for the
initiation, continuation, and problematic alcohol consumption
[66]. Impulsivity will be assessed via the short-form Urgency,
Premeditation, Perseverance, Sensation Seeking, Positive
Urgency (UPPS-P) Impulsive Behavior Scale [67]. This
short-form version of the UPPS-P is a 20-item self-report scale
designed to measure factorsthat can lead toimpulsive behaviors.
The questionnaire items are scored on a scale of 1 (strongly
disagree) to 4 (strongly agree). The UPPS-P contains five
subscales, namely, positive urgency, negative urgency, (lack
of) premeditation, (lack of) perseverance, and sensation seeking.
The UPPS-P has been tested in healthy, student, and forensic
psychiatry settings involving Dutch participants and is
considered areliable and valid tool [68].

Sociodemographic Variables

At baseline, sociodemographic variables such as sex, age, level
of education, employment, and marital statuswill be assessed.

Statistical Analyses

After the data collection period, we will clean our data and
assess it for accuracy and completeness. Missing data will be
handled using either multiple regression imputati on techniques
or full information maximum likelihood estimation, depending
on the amount of missing data and whether it is missing at
random or not. All analyses for the primary and secondary
outcomes will use linear mixed modeling regression analyses
with the three time points nested within participants. For
continuous outcomes, linear models will be used for normally
distributed data and negative binomial models, for |eft-skewed
data. For dichotomous outcomes, such as whether or not
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participants had a binge-drinking episode in the past 30 days,
binary logistic regression will be used. All primary analyses
will be conducted in line with the intention-to-treat (ITT)
principle (ie, including all participants that are randomized).
Sensitivity analyses will be conducted in line with the
per-protocol principle (ie, intervention completers) and with
study completers only. All statistical tests use a significance
level a=.05. Time will be used as predictor and baseline
measures will be included as covariates if appropriate. All
analyses will be conducted using the R Statistical Package.
Cohen dvalueswill be used asthe measure of effect size. Effect
sizes of 0.8 are assumed to be large, effect sizes of 0.5 are
assumed to be moderate, and effect sizes of 0.2 are assumed to
be small [69]. In addition, several intervention effect moderators
that might moderate drinking levels based on findings of
previous studies will be investigated. In addition, potential
moderators such as gender [70], readiness to change [71],
engagement [72], and impulsivity [73] will be explored.

Results

Our study began recruitment in September 2020. We received
933 registrations on our study information website. Of these
registrations, 506 participants have completed the baseline
assessment, 336 participants have completed the 6-week
postbaseline assessment (T1), and 308 participants have
completed the 3-month postbaseline assessment (T2) asof May
2021. The study is still in progress. Results will be reported in
2021 and 2022.

Discussion

Study Overview

Themajority of digital interventionsaimed at reducing drinking
levelsin young adults were conducted in university settingsin
the United States or Australia, were delivered via a computer
or web browser, and consisted of single-session interventions
showing small effect sizes ranging from g=0.18 to g=0.29
[5,14-18]. Mobile apps with the purpose of managing a cohol
consumption in young adults seem promising, but the evidence
is still inconclusive given the mixed results [13].

To potentialy enhance the effectiveness of such interventions,
we decided to develop a self-guided mobile app supporting
low-risk drinking habits among young adults from the general
population, whileincorporating relevant healthy lifestyle-related
support components that may increase and prolong the
effectiveness of our intervention but retain the acceptability and
reach of single-session interventions [22-24].

Therefore, the present study aims at improving the existing
knowledge on the effectiveness of mobile apps on alcohol
reduction in young adults by employing lifestyle-related support
components (ie, sleep, mood, and perceived stress). If our
intervention proves to be effective, it could become an
inexpensive and scalable public health intervention to improve
drinking habits in young adults.
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Potential Strengthsand Limitations

Our study has anumber of strengths such asthe delivery of our
intervention via the use of a mobile app, which seemsto be a
feasible and desirable delivery method for our target group
[74,75]. Second, this study used an open recruitment strategy,
whichwill enhancethe generalizability of our results compared
to studiesthat recruit only in university settings. Giventhelarge
sample size we aim to recruit, our study will provide areliable
estimate regarding the effectiveness of our mobileintervention.

Nevertheless, there are some limitations that are worthwhile
mentioning. We are measuring al outcomes via self-report
measures, and we have decided against using lengthy and costly
diagnostic interviews in order to reach out to a large sample
group and due to the preventive nature of our intervention.
However, based on the literature, we know that self-report
measures are reliable for actual drinking levels in our target
population [ 76]; furthermore, we expect that the EMA function
that we included for self-monitoring purposeswill augment and
improve our assessments by adding a dynamic dimension to it

Boumparis et al

[41]. We expect a potential large dropout rate at posttest and
3-month follow-up assessments as commonly observed in
web-based interventions with an open recruitment strategy [77].
To minimize drop-out, automated reminders for completing
questionnaires will be sent via email to our participants and
participants will be offered financial incentives for completing
the follow-up assessments.

Conclusions

Providing young adults with amobile app that promotes|ow-risk
drinking habits while aso providing lifestyle-related support
components might be a promising approach to increase the
reach, uptake, and effectiveness of behavioral change
interventionstargeting alcohol reduction in this population. We
expect that the use of our mobile app will reduce drinking
outcomes significantly compared to the use of the educational
website. In addition, findings of thetrial will be informativefor
future researchers developing interventions for young adults
with regard to the reduction of alcohol consumption and
improvement of associated lifestyle behaviors.
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Abstract

Background: Morethan 88 million Americansare at risk of developing type 2 diabetes mellitus (T2DM). The National Diabetes
Prevention Program’s Lifestyle Change Program (DPP LCP) has been shown to be effective in reducing the risk of progressing
from prediabetes to T2DM. However, most individuals who could benefit from the program do not enroll.

Objective: Theaim of thistrial isto test the real-world efficacy of 3 mobile phone-based approaches to increasing enrollment
in the DPP L CP including a best-practice condition and 2 novel approaches.

Methods: We will conduct a 3-armed randomized clinical trial comparing enrollment and 1-month engagement in the DPP
L CPamong adultswith prediabetesfrom 2 health care settings. Participantsin the best-practice condition will receive SM S-based
notifications that they have prediabetes and a link to a website that explains prediabetes, T2DM, and the DPP LCP. Thiswill be
followed by a single question survey, “Would you like the DPP LCPto call you to enroll?” Participantsin the 2 intervention arms
will receive the same best-practice intervention plus either 2 mobile 360° videos or up to 5 brief phone calls from a health coach
trained in a motivational coaching approach known as Motivation and Problem Solving (MAPS). We will collect measures of
diabetes-related knowledge, beliefs in the controllability of risk for T2DM, risk perceptions for T2DM, and self-efficacy for
lifestyle change pre-intervention and 4 weeks |l ater. The primary outcomes of the study are enrollment in the DPP L CP and 4-week
engagement in the DPP LCP. In addition, data on the person-hours needed to deliver the interventions as well as participant
feedback about the interventions and their acceptability will be collected. Our primary hypotheses are that the 2 novel interventions
will lead to higher enrollment and engagement in the DPP L CP than the best-practice intervention. Secondary hypotheses concern
the mechanisms of action of the 2 intervention arms: (1) whether changesin risk perception are associated with program enrollment
among participants in the mobile 360° video group and (2) whether changes in self-efficacy for lifestyle change are associated
with program enrollment among participants in the MAPS coaching group. Finally, exploratory analyses will examine the cost
effectiveness and acceptability of the interventions.

Results: The project was funded in September 2020; enrollment began in February 2021 and is expected to continue through
July 2022.
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Conclusions: We are conducting a test of 2 novel, scalable, mobile phone-based interventions to increase enrollment in the
DPP LCP If effective, they have tremendous potential to be scaled up to help prevent T2DM nationwide.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(6):€28884) doi:10.2196/28884

Clinical Trials.gov NCT04746781; https://clinicaltrials.gov/ct2/show/NCT04746781
DERR1-10.2196/28884

KEYWORDS

diabetes prevention program; mobile video; motivation and problem solving; program enrollment; participant engagement;

prediabetes

Introduction

Background

Among US adults, 34.5% have prediabetes, placing them at
increased risk of type 2 diabetes mellitus (T2DM) [1]. Extensive
evidence has shown that therapeutic lifestyle changes can reduce
the progression from prediabetes to T2DM by 58% [2]. To
addressthis national epidemic, the Centersfor Disease Control
and Prevention (CDC) has established the National Diabetes
Prevention Program’s Lifestyle Change Program (DPP LCP)
[3]. However, through 2019, only 0.4% of the 88 million adults
in the United States with prediabetes have enrolled in the DPP
LCP[4].

There are severa reasons for low enrollment and engagement
in the DPP LCP. First, many people with prediabetes are
unaware of their risk for T2DM or do not believe that they are
at risk of developing T2DM or its associated complications.
Second, many individuals are not aware of the appropriate
lifestyle changes that can prevent progression to T2DM [5-8].
This is important because risk perceptions are predictive of
health behavior change [9]. Finaly, several studies have
identified practical barriers to enrolling in the DPP LCR,
including the cost of enrollment, limited time for attendance,
and difficulty with travel to and from DPP LCP sessions[10,11].

Most prior research on DPP LCP enrollment interventions has
tested the effectiveness of medical providers notifying their
patients of their prediabetes, counseling them, and referring
them to the DPP LCP. These studies have reported DPP LCP
enrollment rates of 8%-11% [12,13]. We believe there are
significant limitations to this approach. First many providers
do not notify their patients that they have prediabetes — only
15.3% of individuals with prediabetes report being told about
their condition from a health professional [1]. Second, many
providers do not currently counsel their patients about lifestyle
changes, [14,15], likely because they do not feel they have the
time or because they do not feel that such counseling will be
effective [16,17].

In this project, we propose to address these issues by directly
connecting with individuals with prediabetes through mobile
phone-based interventionsin a 3-armed randomized controlled
trial. We will compare a best practice intervention with 2 novel
interventions our research group has developed and pilot tested:
mobile 360° videos and Maotivation and Problem Solving
(MAPS)—-bhased phone counseling.

https://www.researchprotocol s.org/2021/6/€28884

Aims and Objectives

Aim 1 is to conduct a 3-armed randomized clinica trial
comparing enrollment and 1-month engagement in the DPP
L CP among adults with prediabetes receiving risk notification
and education alone, risk notification and education plus the
mobile 360° video, and risk notification and education plus
MAPS.

Aim 1.1 is to examine the mechanisms underlying the mobile
360° video by comparing changesin deliberative, experiential,
and affective risk perceptions across study arms.

Aim 1.2 is to examine the mechanisms underlying MAPS by
comparing changes in DPP LCP-related self-efficacy across
study arms.

Methods

General Methods

Asnoted in the previous section, whether an individual enrolls
in the DPP LCP is a multifactorial process that includes their
awareness, knowledge, risk perception, and unique barriers.
Our intervention is designed to address each of thefactors. First,
to address low awareness of prediabetes, individuals with a
diagnosis of prediabetes within the past 5 years documented in
their electronic health record (EHR) will be informed via text
message that they have prediabetes and sent a link to the
website, Do | Have Prediabetes [18], that includes 3
components. a self-assessment of risk, didactic pages about
prediabetes and T2DM, and didactic pages about the National
DPP LCP and its benefits.

Individuals will then be randomized to receive only the initial
best practiceintervention, the best practice plus the mobile 360°
videos, or the best practice plus MAPS counsdling. The proposed
mechanism of action for the mobile 360° videos divides risk
perceptionsinto deliberativerisk perceptions (ie, theindividual's
estimates of the likelihood of devel oping a condition), affective
risk perceptions (ie, the individual's level of worry about a
particular risk), and experiential risk perceptions (ie, how easy
it is to imagine developing a condition). The videos are
hypothesized to increase participants affective (emotional) and
experiential (gist-based) risk perceptions and the likelihood of
enrolling in the DPP L CP. The proposed mechanisms of action
for MAPS counseling include increasing both motivation and
self-efficacy (eg, by addressing practical barriers to enrolling
and engaging in the National DPP LCP).
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The DPP LCP is an evidence-based program that is available
at hundreds of locations throughout the United States as well
asonline[19]. It is atherapeutic lifestyle change program that
reduces the risk of progression to T2DM by 58% for high-risk
individuals [20]. The year-long lifestyle change program is
comprised of weekly group meetings for 6 months followed by
monthly meetings for another 6 months (aminimum total of 22
hours over the year) [1].

Intervention

Best Practice Condition

In the best practice condition, we will send a text message to
individuals who, according to their health records, have
prediabetes. This message will notify them that they have
prediabetes and refer them to awebsitethat providesinformation
about prediabetes and the effectiveness of the DPP LCP. This
component of the intervention will increase participants
awareness of the condition and the DPP LCP without adding
to the workload of primary care clinicians. Additionally, thisis
a process that can be automated to regularly reach new
individuals with prediabetes within a health system. Whileitis
not yet standard clinical practice to notify individuals with
prediabetes of their condition and offer the DPP LCP to them,
there is evidence that individuals with prediabetes who are
notified about their status are more likely to engage in
self-directed healthy lifestyle changes [21]. Additionally, the

Figure 1. Screenshots of mobile 360° videos.

Gibson et al

American Diabetes Association 2018 Standards of Medical
Carein Diabetes recommend that all patients with prediabetes
“should be referred to an intensive behaviora lifestyle
intervention program modeled on the Diabetes Prevention
Program.” This recommendation has an evidence level of “A”
[22].

Mobile 360° Videos

The mobile 360° videos (in which the viewer movestheir phone
to“look around” theworld of the video) areintended to increase
individuals' risk perceptions regarding the potential adverse
outcomes that might occur should they develop T2DM. Our
team has designed and pilot tested two 3-minute videos with
accompanying voiceover (in either English or Spanish) and
soundtrack. Inthefirst video (Figure 1A), the narrator describes
the effect of diabetes on health and family life as an individual
progressesfrom having prediabetesto T2DM and having aheart
attack. The second video (Figure 1B) provides a vicarious
experience of the changes in vision that occur as diabetic
retinopathy progresses and uses the visual metaphor of building
height to change risk perceptions: Asthe viewer is transported
through a cityscape from aroof to progressively higher roofs,
they develop visual scotomas that worsen as the height of the
buildings (reflecting their average glucose level) increases. Each
video ends with a positive message that enrolling in the DPP
L CP can reduce the risk of this potential negative future.

MAPS

MAPS is a hybrid counseling technique that combines
motivational interviewing and social cognitive, practical
problem-solving to enhance motivation and self-efficacy for
behavior change. MAPS has been shown to help people
effectively participate in evidence-based programs and change
their health behaviors [23,24]. Aside from our pilot work
(manuscript in progress for the MAPS pilot and manuscript
under review for the mobile 360° videos), these interventions
had not been previously evaluated astools to promote the DPP
LCP

A standardized MAPS training and treatment manual has been
developed and used in pilot work and will be utilized in this
project. Coach training will include both online “classroom”

https://www.researchprotocol s.org/2021/6/€28884

RenderX

instruction and practice coaching sessions with feedback from
aMAPS expert (KL).

The MAPS counsdling itself will focus on promoting enrollment
and engagement in the DPP LCP by addressing each
participant's unique values and barriers. MAPS uses a
combination of motivational enhancement and social cognitive
approaches based on motivational interviewing and practical
problem-solving approaches. All participantswill receive up to
5 telephone counseling calls lasting approximately 10 minutes
during the 4 weeks following study enrollment. The timing of
the MAPS counseling calls will be negotiated between the
participant and health coach, as has been done for other MAPS
trials. The MAPS counselor will also help each participant
develop an individualized “wellness plan” that may not only
include goals related to DPP LCP enrollment and engagement
but aso other potential stressors and concerns (eg,
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transportation, interpersonal issues, family problems, financial
concerns). Thus, MAPSwill assistindividualswith variouslife
stressorsthat may ultimately affect their DPP L CP engagement.
MAPS counseling will be conducted via telephone in Spanish
or English, and information from each session will be
documented in a secure REDCap database.

All MAPS counseling sessions will be audio-recorded, and the
recordings will be uploaded into the study database (in
REDCap). Ongoing training and monitoring of recorded calls
will ensure that the delivered MAPS follows the protocol
precisely. A MAPS expert will review at least one recording
per coach per week and provide detailed feedback and guidance
as necessary to the health coach.

Setting

Study participants will be recruited from 2 sites: University of
Utah Health and the Midvale Community Building Community
Clinic (CBC). University of Utah Healthisthe Mountain West's
only academic health care system and includes 5 hospitals, 12
community clinics, and several speciaty centers. The Midvale
CBC isan outpatient community health clinic providing medical,
dental, physical therapy, and mental health services to
low-income and uninsured families, with a predominantly
Spanish-speaking clientele.

Participants

Spanish- and English-speaking patients ages 18-89 years from
University of Utah Health and the Midvale CBC will be invited
to participate in the study.

Inclusion Criteria

Patients will be considered eligible for the proposed trial if (1)
they are aged 18-89 years, (2) have a diagnosis of prediabetes
within the past 5 years documented in the EHR (ICD-10 code
R73.03), and (3) have an email or mailing address and amobile
telephone number on record with the health system.

Exclusion Criteria

Patientswill be excluded from the study if they have any of the
following diagnoses: T2DM (ICD-10-CM E11), type 1 diabetes

https://www.researchprotocol s.org/2021/6/€28884
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mellitus (ICD-10-CM Diagnosis E10), diabetes mellitus dueto
underlying condition (ICD-10 E08), drug or chemical induced
diabetes mellitus (ICD-10 EQ9); gestational diabetes (ICD-10
024.4), neonatal diabetes mellitus (ICD-10 P70.2), or
post-pancreatectomy  diabetes mellitus (ICD-10 E13).
Individuals who are currently pregnant will be excluded from
the trial. The rationale for this exclusion is that these women
would be excluded from participating in the National DPP L CP.
In addition, individuals who do not have an email address or
mailing address or who do not own a smartphone will be
excluded fromthetrial, simply because they could not complete
thetrial.

Study Design

Thisis a 3-arm stratified randomized clinical trial comparing
enrollment and 1-month engagement in the DPP LCP among
adultswith prediabetes receiving risk notification and education
alonevsrisk notification and education plus mobile 360° video
vsrisk notification and education plus MAPS. It should be noted
that this study is not powered nor designed to compare the
effectiveness of the mobile 360° videos vs MAPS nor does the
design allow for testing of the additive value of mobile 360°
videos plus MAPS.

Procedures

Overview

Figure 2 provides an overview of the study procedures. We will
begin by pulling lists of potentia participants (using the
inclusion and exclusion criteria listed in the previous sections)
from the EHR of each health system. Selected individuals will
be given the option to opt-out of any study-related
communication prior to phone contact. Hence, we will first
contact potentia participants by email (or by letter if they do
not have an email address on record) with a brief description
of the study and an explanation that they will be contacted on
their mobile phonein 2 weeksif they do not opt out. Thisemail
will include a link to click if they want to be excluded from
further study communication. All further communication will
be with individuals who did not opt out and will be sent via
SMS messages to their mobile phone.
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Figure 2. Overview of study procedures. DPP: Diabetes Prevention Program; MAPS: Motivation and Problem Solving.
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Screening and Baseline Survey

Potential participants who do not opt-out will then be sent an
SMS message with a link to a survey. The survey will begin
with a short eligibility screening section. Individuals who are
screened out will be thanked for their time and informed that
they do not meet the criteria for participating in the study.

Individuals who are not screened out will be directed to the
consent cover letter and the remainder of the baseline survey.
Thebasdine survey will collect information about demographics
(age, sex, racelethnicity, education, socioeconomic status),
diabetes-related knowledge (11 items), and beliefs about the
controllability of risk for type 2 diabetes (4 items) using 2
subscales on the risk perception for developing diabetes scale
[25]. It will also collect information on self-efficacy related to
DPP LCP participation aswell asfor diet, exercise, and weight
loss (16 items) using the brief self-efficacy scales adapted from
Wilson et al [26]. Thiswill be followed by an 18-item scale of
risk perceptions for T2DM that includes 6 items each to assess
3 different aspects of risk perception: deliberative, affective,
and experiential risk perceptions [27].

Allocation to Condition

After completing the baseline survey, individuals will be
allocated to the condition according to randomization tables
generated by the projects statistician (Y Z). These tableswill be
based on permuted block randomization, stratified by health
system and sex, with block sizes randomly generated as 5, 10,
or 15. In accordance with our planned samplesizesin each arm,
each block will maintain a1:2:2 ratio in sample size across the
treatment groups (best practice, mobile 360° videos, and MAPS).

https://www.researchprotocol s.org/2021/6/€28884
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Risk Notification and Education

Two days after completing the baseline survey, all participants
will be sent a hyperlink to the education website, Do | Have
Prediabetes? [18]. This will be delivered as an iframe in a
Qualtrics survey; in this way, we will be able to measure the
number of participants who actually visit the website and the
duration of time they spend on the site. After visiting the
website, participants will be asked about which pages of the
websitethey visited, what they learned, and what they liked and
disliked about the website.

Mobile 360° Video

Four days after completing the baseline survey, participants
randomized to the mobile 360° video arm will be sent the first
video; 2 days later, they will be sent the second video. Up to 2
reminder texts 1 day apart will be sent to individuals who do
not access the links for the videos. Similar to the educational
website, the videos will be delivered as an iframe within a
web-based survey. This will allow us to assess the duration of
time spent watching the video and to collect immediate feedback
on participants impressions of each video.

MAPS Phone Calls

A health coach trained in MAPS will call the participants
randomized to that group; the first call may be used to initiate
MAPS coaching or to simply schedule the upcoming MAPS
counseling sessions. Participantswill be offered up to 5 coaching
calls over 4 weeks, each lasting approximately 10 minutes.
During these sessions, participantswill explore their motivation
and goals and how enroliment in the DPP LCP may fit with
these goals. Additionally, MAPS coacheswill help participants
identify barriersto achieving their goals and troubleshoot ways
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to addressthese barriers. If aparticipant enrollsinthe DPPLCP,
any remaining MAPS calls will serve to reinforce the positive
changetheindividual has made, provide accountability, address
ongoing chalenges and barriers, and encourage continued
engagement with the DPP LCP. All MAPS sessions will be
audio-recorded, and at least 1 session per week per coach will
be reviewed by a MAPS expert. Feedback will be provided to
coaches as needed. This process will insure the fidelity of the
MAPS intervention. Participantswill have the option to tell the
MAPS coaches that they would like to stop receiving calls at
any point.

Offer to Refer to DPP LCP

Ten days after study enrollment, all participants will be sent a
single question survey: “Would you like the DPP LCP to call
youto help you enroll?’ The contact information for participants
who respond “yes” will be sent to the referral coordinator at
their respective health system's DPP LCP, who will then call
them to enroll. The rationale for this piece of the intervention
isto mimic the current workflow for individualsto enroll —in
most cases, a hedth care provider places a referral to the
program via the EHR, and the program contacts the potential
participant to enroll them. Due to the COVID-19 pandemic,
both study sites have been offering the DPP LCP virtually, either
as an asynchronous online program or through synchronous
group sessions. During the study, participants will have the
ability to select whatever DPP L CPformat they prefer, including
in-person sessions, if available.

Follow-Up Survey

The follow-up survey will be sent via text message to all
participants 4 weeks after the baseline survey iscompleted. The
survey will include all of the items described in the baseline
survey (diabetesrelated knowledge, beliefs about the
controllability of diabetes, self-efficacy, and risk perceptions).
The survey will conclude with a 9-item questionnaire about the
practical barriers and facilitators that were relevant to choosing

Gibson et al

whether to enroll in the DPP LCP such as perceptions of the
need for counseling to change one's lifestyle (which prior work
suggests many individuals don't feel the need for) [28];
accessibility of the DPP LCP in terms of cogt, location, time
requirements, and scheduling [29]; and desire to participate in
an online vs in-person DPP LCP [30,31]. This portion of the
survey will provide spacefor free-text comments on each barrier
and also ask for input on other barriers we did not anticipate.
At the end of the follow-up survey, participants will be asked
if they are willing to participate in a short phone-based
semistructured interview about their experiences in the study.
We will randomly select up to 40 individuals for these
interviews; those who are interviewed will receive a US $20
electronic gift card.

We will use Qualtrics survey software for all questionnaires
used in this study [32]. This platform allows us to automate the
timing and delivery of each intervention component. This
platform will allow usto assess the number of people contacted
and the click rate of participantsin each intervention component.
Finally, the platform al so provides amechanism for participants
to easily opt out of thetrial at any time by responding “ STOP”
to any text message.

Each participant will be sent US $20 electronic gift cards upon
completion of the baseline survey and follow-up survey (US
$40 total for the study). To motivate completion of all study
procedures, participants who complete both the baseline and
follow-up questionnaires will be placed into a lottery for 1 of
5 US $100 electronic gift cards.

M easures

Outcome Measures

The primary outcomes of the study are DPP LCP enrollment
and 4-week engagement, as defined by the CDC (Table 1).
These data are currently collected by all CDC-recognized
organizations offering the National DPP LCP and are a part of
their required reporting for DPP LCP recognition.

Tablel. Centersfor Disease Control and Prevention (CDC)—defined measure of enrollment and engagement in in-person and online Diabetes Prevention

Program’s Lifestyle Change Programs (DPP L CPs).

Time point In-person Online

Milestone 1 Registration for the program Setting their password for the app

(enrollment)

Milestone 2 Attending at least 2 out of thefirst 4 sessions Must do at least 2 of the following activities: (1) Complete 2 edu-
(4-week engagement) cation modules; (2) send at least 1 in-app message and/or Group

Wall post; (3) set or log at least 1 behavior; (4) log, plan, or re-
search at least 3 meals; (5) log physical activity at least 3 times;
(6) weigh in on 3 or more days during 2 out of thefirst 4 sessions

The DPP LCP at University of Utah Health is covered by some
insurance plans and requires an out-of-pocket fee for those
without coverage. The cost for the online program is currently
US $504, and the cost for the in-person program is US $425.
Some scholarships are available for those who meet income
guidelines. These costs may change during the course of the
study. The Midvale CBC's program is offered free of charge
and is currently funded by a grant. To minimize the problem of
cost as a barrier to enrollment, University of Utah Health
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participants who are uninsured or underinsured may be invited
to participatein the Midvale CBC program. Otherwise, all other
participants will only be invited to attend the program offered
by their health system.

Process Measures

If the mobile 360° videosand MAPS are successful inincreasing
enrollment and early engagement with the DPP LCP as they
have been in our pilot work (manuscript for the Video pilot
study submitted to JIMIR Diabetes, 11/26/20; manuscript for
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MAPS pilot in preparation), they have tremendous potential to
be scaled up to help prevent T2DM nationwide. Morethan 80%
of adultsin the United States own asmartphone [33]. Therefore,
health systems and DPP LCPs nationwide could implement
theseinterventions. The scalability of theinterventions depends,
of course, not just on their efficacy but also on the effort that

Table 2. Process measures collected by study staff.

Gibson et al

DPP LCPs must expend to implement them. Therefore, in this
project, we will collect data on the person-hours required to
implement each intervention at our 2 sites. Thiswill inform our
planned future work to test whether theintervention armsdiffer
significantly in their effectiveness and cost effectiveness (Table
2).

Measure

How measured

Number of participants who click on educational website link

Number of participantsin the mobile 360° video group who click on each
of the videos and time spent watching

Number of participants in the MAPS group who respond to our initial at-
tempts to connect for MAPS

Number of person-hours needed to train health coachesin MAPS

Number of person-hours required to deliver each MAPS session

Number of person-hours required to oversee MAPS sessions to insure fi-
delity to the protocol

Link is sent asaQualtrics survey question; clicking on link resultsin data
indicating a“click” was made.

Click rates from survey in which video is embedded and duration of time
on each video

Attemptsto call will be documented by the health coach using aRedCAP
survey.

Documented hours for the duration of the training including practice ses-
sionswith KL

The start and end time for each MAPS session will be documented by the
health system using a REDCap survey.

Documented hours for the time spent by KL to review and provide feed-
back on a sample of recorded MAPS sessions

Statistical Analyses

Sample Size and Power Calculation

Statistical power for the primary analysis in Aim 1 was
calculated using the statistical power calculation software PASS
14 [34]. Based on prior work on the effect of risk notification
and education, we hypothesize that 2% of participants in the
risk notification and education arm of the study will enroll in
the DPP L CP. Intheintervention arms, based on our pilot work,
we hypothesize that enrollment in the DPP LCP will increase
to 32% and 45% for the mobile 360° video and MAPS arms,
respectively (manuscript for the video pilot study submitted to
JMIR Diabetes, 11/26/20; manuscript for MAPS pilot in
preparation). We plan for atotal sample size of 400; of whom,
80 will be randomized to risk notification and education alone,
160 will be randomized to risk notification and education plus
mobile 360° video, and 160 will be randomized to risk
notification and education plus MAPS. We calculated that this
study will have >99% power to detect the hypothesized
differences between the best practice arm and the intervention
arms. To address the possibility of loss to follow-up, we are
planning to recruit atotal of 480 individualsinto thetrial.
Aim1

We will use logistic regression to compare the effects of the 3
treatments on the likelihood of enrollment and 1-month
engagement in the DPP LCP. The distributions of participants
demographics and baseline measures of risk perception and
self-efficacy will be summarized and compared by treatment
groups using chi-sgquared tests for categorical variables and F
tests for continuous variables. If participants demographics
and baseline measures of risk perception are not balanced across
the 3 treatment groups at baseline, we will use inverse
probability of treatment weighting with propensity scores to
create a synthetic sample and compare the difference in the
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causal average treatment effects across the 3 treatment groups
[35]. We will caculate standardized differences to check
whether the distribution of baseline covariates is independent
of treatment groups conditional on the propensity score. We
will conduct intention-to-treat analysis to account for
noncompliance. We will summarize missing data for all
variablesin the dataset. We will employ multiple imputation to
examine the impact of any missing values in a sensitivity
analysis. All analyses will be conducted using statistical
programming language R, and statistical significance will be
defined at alpha=.05.

Aim 1.2

To examine the mechanisms underlying the mobile 360° video
by comparing changesin ddliberative, experiential, and affective
risk perceptions across study arms, wewill calculate the changes
in risk perception scoresacrossall 3 treatment groups using the
scoring procedures described by Ferrer et a [27]. We will then
use Baron and Kenny's [36] procedure to determine if the
efficacy of the mobile 360° videos is mediated by changesin
affective and experiential risk perceptionsashypothesized. The
Baron and Kenny procedure assumes that the mediating factor
is aso randomly assigned to individuals in addition to the
randomized baseline intervention (ie, sequential ignorability).
However, the sequential ignorability assumption may not hold
in this study even after adjusting for observed covariates. The
potentially unmeasured confoundersfor the association between
mediating factors and outcome may lead to biased inference.
To reduce such bias, we will aso employ 2 alternative casua
modeling approaches, the structural mean modd [37] and
principal stratification [38,39], to evaluate how the impact of
mobile 360° videos on DPP enroliment is mediated by risk
perceptions.
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Aim 1.3

To examine the mechanism of the MAPS intervention by
comparing changes in DPP LCP-related self-efficacy across
study arms, we will calculate the changesin self-efficacy across
all 3 treatment groups using the scoring procedures described
by Wilson et a [26]. We will then use a similar mediation
procedure to the af orementioned to determineif the efficacy of
MAPS is mediated by changes in self-efficacy for DPP LCP
enrollment and engagement and sel f-efficacy for health behavior
change as hypothesized [37]. Our hypothesis is that if MAPS
increases participants’ self-efficacy, then enrollment in the DPP
LPC will increase.

Process Measure Analysis

In addition to the efficacy data collected in the trial, the study
team will collect a series of process measures (Table 2). We
will summarize the distribution of these measures, conduct
univariate analysis to explore the association between
participants demographics and process measures, and calculate
preliminary estimates of the cost of delivering each intervention
component (person-time times the salary for that role) in order
to prepare for future work that will compare the
cost-effectiveness of our interventions at scale.

Results

The project was funded in September 2020. The institutional
review board approved the study on January 13, 2021.
Enrollment began on March 10, 2021 and is expected to continue
through July 31, 2022. Asof April 27,2021, 39 individuals had
begun the study.

Discussion

In this project, we will conduct a 3-arm randomized controlled
trial intended to compare the efficacy of abest-practice approach
and 2 novel interventions on enrollment and engagement in the
DPP LCP. These interventions will be delivered directly to
individuals with prediabetes through their mobile phones. To
standardize the offer of referral to the DPP LCR, all participants
will receive an offer to be referred to the National DPP LCP 10
days after completing the baseline survey. Our primary outcome
will be participants' enrollment and 1-month engagement in the
National DPP LCP.

Strengths

This study is a randomized trial targeting patients with
prediabetes within 2 health systems, including a community
clinic serving primarily low-income, Spanish-speaking patients
and alarge academic medical center. The interventions will be
delivered by mobile phones, making them scalable to large,
diverse populations if found to be effective. The interventions
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will be delivered in English and Spanish, expanding the
generalizability of study findings. The use of a theoretical
framework for the study and validated questionnaires to
elucidate the mechanism of action of the 2 novel interventions
isastrength, asisthe collection of process measures.

Limitations

This study is not powered nor designed to compare the
effectiveness of the mobile 360° video vs MAPS nor does the
design allow for testing of the additive value of mobile 360°
video plus MAPS. Because each of these interventionsis quite
novel, we felt that first they should have demonstrated
incremental efficacy over the best-practice condition. If these
interventions are found to be incrementally effective, future
trials will be designed to compare the effectiveness of these
interventions head-to-head aswell asto evaluate acombination
of the interventions (ie, via a sequential multiple assignment
randomized trial [SMART] design). In addition, the differences
in number of contacts between the best-practice condition, the
video condition, and the MAPS condition may present a
confound, making it unclear if outcomes differ due to number
of contacts or intervention content. Finaly, inthistrial, we are
only ableto assess 1-month DPP L CP engagement. Future work
should explore whether these interventions impact longer-term
(12 months) engagement and health outcomes.

Contingency Plans

Potential challengeswe may encounter include difficultieswith
recruitment and retention. If we have difficulties with
recruitment, we will expand our recruitment population to
individualswith A1C levelsbetween 5.7% and 6.4% rather than
just those with a documented prediabetes ICD-9 code. If we
have challenges with recruitment, we will revisit the frequency
and timing of contact with participants. If many returned surveys
have significant amounts of missing data, we will follow up
with participants and ask them to respond to missing items.
Additionally, if we are unable to meet our recruitment goal at
the smaller Midvale CBC, we will enroll uninsured or
underinsured Spanish-speaking patients from the University of
Utah to supplement the Midvale sample.

Future Work

All of the data will be used to inform the design of a large,
SMART inwhich individua swill first receive risk notification
and education; then, nonresponders will be randomized to
mobile 360° video or nothing, and subsequent nonresponders
will be randomized to MAPS phone counseling. Primary
outcomeswill be enrollment and 1-year engagement inthe DPP
L CP. Secondary outcomeswill include changes in an objective
measure of risk for T2DM including hemoglobin A,. and
weight. In this future trial, we will also compare the cost
effectiveness of these interventions.
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Abstract

Background: Major depressive disorder (MDD) is a prevalent and debilitating mental health disorder. Among different
therapeutic approaches (eg, medication and psychotherapy), psychotherapy in the form of cognitive behavioral therapy (CBT) is
considered the gold standard treatment for MDD. However, athough efficacious, CBT is not readily accessible to many patients
in need because of hurdles such as stigma, long wait times, high cost, the large time commitment for health care providers, and
cultural or geographic barriers. Electronically delivered cognitive behavioral therapy (e-CBT) can effectively address many of
these accessibility barriers.

Objective: This study aims to investigate the efficacy and feasibility of implementing an e-CBT program compared with
in-person treatment for MDD. It is hypothesized that the e-CBT program will offer results comparable with those of thein-person
treatment program, regarding symptom reduction and quality of life improvement.

Methods: This nonrandomized controlled trial intervention will provide e-CBT for MDD through the Online Psychotherapy
Tool, a secure, cloud-based, digital mental health platform. Participants (aged 18-65 years) will be offered 12 weekly sessions
of an e-CBT program tailored to MDD to address their depressive symptoms. Participants (n=55) will complete predesigned
modules and homework assignments while receiving personalized feedback and interacting with atherapist through the platform.
Using clinically validated symptomology questionnaires, the efficacy of the e-CBT program will be compared with that of a
group (n=55) receiving in-person CBT. Questionnaires will be completed at baseline, at week 6 and week 12, and at a 6-month
follow-up. Focus groups will be conducted to investigate personal, cultural, and socia factors impacting the accessibility and
feasibility of implementing aweb-based psychotherapy tool from apatient and care provider perspective. Inclusion criteriainclude
diagnosis of MDD, competence to consent to participate, ability to speak and read English, and consistent and reliable accessto
theinternet. Exclusion criteriainclude active psychosis, acute mania, severe acohol or substance use disorder, and active suicidal
or homicidal ideation.

Results: Ethics approval was obtained in January 2019, and recruitment of participants began in June 2019. Recruitment has
been conducted via social media, web-based communities, and physician referrals. To date, 52 participants have been recruited
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to the e-CBT group, and 48 patients have been recruited to the in-person CBT group. Data collection is expected to be completed
by March 2021, and analyses are expected to be completed by June 2021, as linear regression (for continuous outcomes) and
binomial regression analysis (for categorical outcomes) are still being conducted.

Conclusions: The results of this study can provide valuable information for the development of more accessible and scalable

mental health interventions with increased care capacity for MDD, without sacrificing the quality of care.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(6):€27489) doi:10.2196/27489

KEYWORDS

Clinical Trials.gov NCT04478058; http://clinicaltrials.gov/ct2/show/NCT04478058
DERR1-10.2196/27489

mental health; depression; psychotherapy; cognitive behavioral therapy; online; internet; electronic; virtual; mental health care

Introduction

Background and Rationale

More than 264 million people globally have depression, with
major depressive disorder (MDD) being one of the most
prevalent mental health disorders [1]. In addition, depression
is the largest contributor to global disability and is associated
with an estimated economic cost of more than US $2.5 trillion
globally [2-6]. Given the large prevalence and the debilitating
nature of this mental disorder, discovering effective and
accessible treatments for depression is essential and urgently
needed.

There are different therapeutic approaches for treating MDD,
from medication to psychotherapy. Although pharmacotherapy
has been widely investigated and various medications are used
to treat MDD, approximately one half of primary care patients
only respond partially to medication, with residual symptoms
persisting in most cases [7]. Furthermore, many patients using
medications for MDD experience adverse effects (eg, weight
change, sexual side effects, and sleep problems) or develop
addiction or dependency on these medications [8]. These
challenges discourage many patients from taking their
medi cations and render thistherapeutic path moot asafirst-line
treatment for MDD.

The current frontline treatment for MDD is in-person
psychotherapy, more specifically, cognitive behavioral therapy
(CBT) [9-11]. This traditional form of CBT uses a structured
format to focus on altering cognitive processing based on the
theory that maladaptive behaviors affect an individua’s
perceptions, emotions, and thoughts [12]. By altering these
mal adaptive behaviors, a patient’s thoughts and beliefs can be
positively impacted, alowing for a cyclical improvement in
cognition and behavior. CBT alows patients to learn the
necessary skills to better cope with situations in their lives by
better interpreting their thoughts, thereby influencing their
emotions. By positively influencing thoughts, mood, behavior,
or physical reactions, a positive effect is seen in other areas of
one'slife. Through CBT programming, patients can learn skills
such as breathing techniques, thought records, activity
scheduling, and goal setting, which can give them thetool sthey
need to better control their emotions.

Although CBT is efficacious for treating mood and anxiety
disorders, the barriers associated with this treatment make it

https://www.researchprotocol s.org/2021/6/€27489

extremely inaccessible. An effective round of CBT usualy
requires alarge time commitment (ie, 12-15 weekly sessions),
making CBT a costly solution for patients. In addition, given
the time commitment from the clinicians, there are often
extremely long wait times for individuals to receive treatment.
Additional barriers to CBT include cultural and language
barriers, especialy within more culturaly diverse countries,
geographic isolation in rural areas, and social isolation,
particularly in the context of the COVID-19 pandemic. Public
stigma, high financial costs, lack of after-hour resources, and
confidentiality concerns are also common concerns associated
with recelving CBT [13,14]. Therefore, new innovative solutions
are needed to make this effective and saf e treatment option more
accessible to patientsin need without sacrificing the quality of
care.

Electronically delivered cognitive behavioral therapy (e-CBT)
presents itself as a remedy to these barriers. Owing to the
structured nature of CBT, it can be effectively delivered
remotely intheform of e-CBT. e-CBT offersresultscomparable
with those of the in-person CBT, while increasing treatment
adherence and yielding high treatment satisfaction [15,16].
Recent findings have supported the notion of implementing
e-CBT for MDD, showing significant improvements in
symptomsin various settings[17-19]. The use and accessibility
of theinternet have continued to grow globally, with more than
40% of the population having access to the internet and more
than 2.5 billion individuals currently using the internet [20,21].
Given the increased accessibility to and use of web-based
resources, internet-based delivery of mental health treatments
can make help accessible and available at any time or place,
helping underserved populations, geographicaly isolated
individuals, and people looking for treatment outside of their
work hours. In addition, delivering mental health care on the
web providesasecure and private environment that could lower
the stigma of receiving care, which is particularly useful for
patients with MDD who usualy show low help-seeking
behaviors [22-24]. Furthermore, receiving care on the web
allows patients to save time or financial burdens commuting to
weekly appointments.

Several forms of e-CBT have been used, including self-help
(unguided and self-directed), guided self-help (clinicians provide
limited support), and live psychotherapy (clinician hasthe same
role as in-person CBT through video conferencing). A
meta-analysis [25] revealed that although self-help e-CBT can
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have varying degrees of efficacy, therapist engagement increases
treatment efficacy up to 4times[26,27]. Therefore, asupervised
form of e-CBT is required. Although this supervision can be
achieved in live psychotherapy through videoconference, the
time commitment for clinicians is identical to, if not greater
than, that needed for in-person CBT [11]. From this, we can
see that an asynchronous form of e-CBT delivery must be used
where therapist supervision can be achieved without the
strenuous time commitment of in-person CBT. Asynchronous
e-CBT has been delivered in previous research; however, these
studies used email as the primary method of communication
between therapists and patients [28,29]. Although this offers
the benefits of therapist engagement, email is an insecure and
unsustainable form of patient-clinician communication [30].
This can be achieved by using predesigned and clinically
validated therapy content coupled with asynchronous therapist
interaction through a secure platform. In doing so, a high
standard of care can be achieved without repeating general
conceptsto all patients, thus saving time.

This study aims to evaluate the efficacy and feasibility of
delivering a supervised e-CBT program with streamlined
processesfor delivering care. By using predesigned therapeutic
content, clinicians can skip repeating general concepts across
multiple patients and focus on personalizing the treatment. This
practice can significantly lower the time commitment from the
clinical staff, which lowers the cost of care and increases the
capacity, thereby shortening the wait time. Moreover, by
validating the therapeutic content and clinical process in this
clinical trial, we ensure that a high quality of care is delivered
on a routine basis. The predesigned content will be delivered
through a secure web-based platform, the Online Psychotherapy
Tool (OPTT; OPTT Inc), designed by the lead author. The
platform alows clinicians to schedule their interactions and
activities with patients, track patient participation, and access
analytical tools to improve the quality of care. Clinicians can
personalize treatment plans for each patient, similar to live
psychotherapy, without the time commitment needed for live
and face-to-face treatment. By delivering e-CBT for MDD
through this web-based platform, the aim isto provide patients
with more accessible, affordable, and efficacious treatment
options for their problems.

Objectives

This study aims to implement an e-CBT program to improve
symptomsin patientswith MDD. Thisstudy also aimsto deliver
this care program through a secure web-based platform
structured as a web-based mental health clinic. This eCBT
program will be delivered using a digital care plan (ie,
therapeutic content, feedback templates, care procedures, and
instructions) specificaly designed to address problems faced
by patientswith MDD. Using qualitative focus groupsto collect
personal, social, and cultural information from patients and
health care providers, the accessibility and feasibility of the
program can be better understood.

https://www.researchprotocol s.org/2021/6/€27489
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Methods

Study Design

For this study, an open-label, nonrandomized controlled trial
study design will be used to compare the efficacy and feasibility
of the web-based program with the in-person treatment option
in acontrolled manner. Blinding will not be possible, as patients
will be aware of whether their treatment is occurring in person
or remotely. Qualitative focus groups will be conducted with
patients to gather personal, social, and cultura factors. These
focus groups will be conducted to alow for anatural and open
conversation on how participant factors can impact the treatment
experience with the program. Additional focus groups will be
conducted with therapists to gather information regarding the
feasibility of implementing a web-based psychotherapy tool.
Thiswill be doneto better understand how web-based treatment
compares with in-person in terms of usability, time efficiency,
and perceived connectedness to patients. These focus groups
will occur posttreatment.

Quantitative analyses of e-CBT treatment efficacy will be
conducted using standardized and clinically validated
symptomology questionnaires. This data collection will occur
at baseline, at week 6 and week 12 (posttreatment), and at a
6-month follow-up. In addition, a qualitative analysis of focus
group interviews will be conducted with theme extraction. We
hypothesize that the e-CBT program will offer results
comparable with those of the in-person treatment program
regarding symptom reduction and quality of lifeimprovement.
On the basis of this design, both the efficacy and feasibility of
the eCBT program can be evaluated and compared with
in-person treatment for MDD. All study procedures have been
approved by the Queen’s University Hedth Sciences and
Affiliated Teaching Hospital s Research Ethics Board (HSREB,;
file number 6020045).

Participants

Patients (N=110; 55 e-CBT participants and 55 in-person CBT
participants) aged between 18 and 65 years will be recruited
from Queen’s University from the outpatient psychiatry clinic
at both the Kingston Health Sciences Center sites (Hotel Dieu
Hospital and Kingston General Hospital) as well as from
Providence Care Hospital located in Kingston, Ontario, Canada.
Additionally, family doctors, physicians, clinicians, and
self-referrals will be accepted. Once informed consent is
provided, a psychiatrist from the research team will evaluate
participants through a secure video appointment to make or
confirm adiagnosisof MDD using the Diagnostic and Statistical
Manual of Mental Disorders, 5th edition [31].

Theinclusion criteriafor the study are asfollows: aged at least
18 yearsat the start of the study, diagnosed with MDD according
to Diagnostic and Statistical Manual of Mental Disorders, 5th
edition by an attending psychiatrist from the research team,
competence to consent to participate, ability to speak and read
English, and consistent and reliable access to the internet.
Exclusion criteriaare asfollows: active psychosis, acute mania,
severe acohol or substance use disorder, and/or active suicidal
or homicidal ideation. If aparticipant is receiving another form
of psychotherapy, they will also be excluded from the study to
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avoid any confounding effect on the efficacy of this eCBT
program. Participants are eligible for the study if they are
receiving pharmacotherapy. However, they must be receiving
the same drug and dosage for the duration of the study. If
eligible for the study, participants will choose between the
e-CBT program (n=55) or the in-person CBT offered
individually through this program at Hotel Dieu Hospital (n=55).

During the informed consent process, all participants will be
explained that this program isnot acrisisresource and that they
will not always have access to their therapist. In the case of an
emergency, participantswill be directed to the proper resources
(eg, emergency department or crisis lines), and this event will
be reported to the principal investigator of the study. The
reasoning behind having a nonrandomized design and allowing
patientsto choosetheir treatment isto mimic areal-world setting
in which patients have autonomy in their treatment decisions.
We recognize that this could be a limitation of this study. We
plan to conduct arandomized controlled trial in the future.

Procedures

The eCBT care plan consists of 12 weekly sessions of
approximately 30 slides and interactive content delivered
through OPTT (refer to Multimedia Appendix 1 for the sample
module). The e-CBT module content mirrors in-person CBT
content, including different weekly topics, general information,
skill overviews, and homework. The efficacy of the therapeutic
content has previously been tested through email administration
and has been shown to reduce depressive symptoms significantly
[32]. Participants are instructed to go through the content and
complete homework at the end of the session, which hel psthem
practice the skillsthey learned through that session. Homework
is submitted through OPTT and reviewed by the therapist
assigned to the participant, who will provide personalized
feedback within 3 days of submission. Therapists have access
to predesigned session-specific feedback templates to use as a
basic structure to write their feedback. By doing so, the time
needed to respond to each patient is reduced, and therefore, the
number of patients each therapist can handle increases. At the
same time, by using a structured format in responding to
patients, more standardized quality of care can be ensured. The
general structure of the feedback template is as follows:
validating the participant’s time and effort, reviewing the event
they have used in their homework, summarizing the previous
module’s content, and discussing the participant’s homework
submission and how they could improveit. In addition to these
points, the feedback will emphasize specific content from the
participant’s submission, reassuring them that their therapist is
reading and understanding their challenges. All feedback
submissions arefinished with a personalized signature from the
therapist, helping to develop a rapport between the therapist
and the participant. On average, devel oping this feedback takes
atherapist 15 to 20 minutesper patient. In addition to the weekly
feedback, participants have the option to message their therapist
through the platform throughout the week regarding any
guestions or concerns they may have. All technical issues are
handled directly by OPTT’s technical support team.

Participants in the in-person CBT group will attend weekly
sessions at Hotel Dieu Hospital (12 weeks), where they will
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receive standardized individual (one-on-one) CBT for MDD
from a trained therapist. All content covered and skills taught
will mirror the e-CBT program. Similar to the eeCBT group,
participants will be assigned weekly homework assignments
that they will complete during the week and hand over at the
start of their next session. At thistime, participantswill receive
personalized feedback from their therapist for their previous
week’s homework.

At the end of the study, a few participants and health care
providers (ie, 8 participants and 2 providers) will be recruited
for focus groups. The focus group prompts will pertain to
experience and expectations of service during the study and
how they think the service could be improved.

Web-Based M odule Content

Both e-CBT modulesand in-person CBT sessions are designed
to ingtill constructive and balanced coping strategies in the
participants. During the program, we focus on essential thinking
and behavioral skillsto help patients become more engaged in
day-to-day activities. The sessions focus on the connection
between thoughts, behaviors, emotions, physical reactions, and
the environment. In addition, we will evaluate negative beliefs
and thought processes and their relationships with depression.
Our goal isto adjust negative thinking so that participants can
think about and adapt to the things that are happening to them.
Thisallowsthem to adjust the way they behave and think about
their problemsin away that is not as negative and replacesthose
thoughts and behaviors with potentially more redistic and
productive ones. The 12 e-CBT sessionswill follow the themes
listed below:

1. What is depression? Provides expectations for the course
and introduces the concepts of CBT and depression.

2. 5-part model: Introducesthe 5-part model (how situations,
thoughts, fedlings, physical reactions, and behaviors are
connected and how they interact with each other).

3. Stuation, thoughts, feelings, physical reactions, and
behaviors. Provides further detailed exploration of the
5-part model and how changes in an area affect the other
parts.

4. Rating fedings and thought records. Highlights the first 3
columns of athought record (atool used to help understand
the connection between feelings, behaviors, and thoughts),
which are situation, feelings, and automatic thoughts
associated with the situation.

5. Automatic thoughts. Explainstherole of automatic thoughts
and how they influence feelings. Provides waysto identify
thoughts and specifically identify the most dominant
thoughts in stressful situations.

6. Evidence: Focusing on columns 4 and 5 of the thought
record, which are designed to help gather evidence that
supports or does not support the identified automatic
thought.

7. Alternative and balanced thinking: Focus on the final 2
columns of the thought record that reflect on the evidence
columns to help find aternative and more balanced views
of the situation. Thefinal column hasthe patient rerate their
feelings based on the completion of the thought record.
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8. Experiments. Explains the importance of conducting
experimentsto believe the alternative and balanced thoughts
from the thought record to initiate changes in negative
thinking patterns.

9. Action plans: Centered around using the thought record to
identify a problem that needs to be solved and providing a
framework for creating a plan for solving the problem.

10. Srategies for stressful situations: Overview of helpful
strategies that can be used in stressful situations, including
distraction activities and helpful breathing techniques.

11. Activity scheduling: Explainsactivity records and how using
one can inform the patient on their mood changes and help
reinforce scheduling positive activities into their day.

12. Review: Summarizes the main concepts of CBT and the
tools and skills that the patient should continue to practice
beyond completion of the final session.

Training

All therapists are research assistants hired by the principal
investigator. All therapists undergo training in psychotherapy
and receive additional training from a psychiatrist from the
research team before any interaction with participants. During
this training, therapists complete feedback on practice
homework, whichisreviewed by apsychiatrist from theresearch
team to ensure adequate quality of work. All therapists are
supervised by the lead psychiatrist, who is an expert in
electronically delivered psychotherapy [23,24]. Feedback is
always reviewed by the lead psychiatrist, before submission to
the participants.

Outcome Evaluation

The primary outcomes that will be measured include changes
in symptoms of depression based on the following clinically
validated symptomology questionnaires. Patient Health
Questionnaire-9 (PHQ-9) and the Quick Inventory of Depressive
Symptomatology Questionnaire [33,34]. An additional
measurement of quality of life change will be made based on
the Quality of Life and Enjoyment Questionnaire [35]. All
guestionnaires were shown to be reliable and highly valid.
Questionnaires will be collected directly through OPTT before
treatment (baseline), after session 6, after thefinal session (week
12), and after a 6-month follow-up. Participants will not be
offered incentives to increase the completion of the
questionnaires. OPTT will collect use statistics (ie, log-ins per
day and amount of time spent logged in) to help better
understand the rel ationship between engagement and treatment
outcomes.

Through the focus groups, health care providers will be asked
about the feasibility of providing the electronic-delivered
psychotherapy program and how it compares with in-person
psychotherapy delivery. They will be asked to make their
judgments based on variables such as time commitment,
connectedness to patients, and benefits and drawbacks. From
thefocusgroup interviewswith the participants, personal, socid,
and cultural factors (eg, gender, sexuality, background,
supportive resources, and structural or social barriers) will be
extracted using an interpretive phenomenological analysis
approach. In addition, any adverse events and adherence to the
intervention will be reported.
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Ethics and Data Privacy

All procedures have been approved by the Queen’s University
HSREB. For privacy purposes, participantsare only identifiable
by an ID number on the platform, and hard copies of the consent
forms with participants' identities are stored securely on site
and will be destroyed 5 years after study completion.
Participants' data are only accessible by the care providers
directly assigned to that participant, and only anonymized data
are provided to the analysis team members. Participants have
the option to withdraw from the study at any point and request
for their datato be removed from the analysis. However, asthe
collected data are considered a medical record, it will not be
permanently deleted for 10 years after treatment.

The web-based platform used for the study (OPTT) is Health
Insurance Portability and Accountability Act, Persona
Information Protection and Electronic Documents Act, and
Service Organization Control-2 compliant. In addition, all
servers and databases are hosted in the Amazon Web Service
Canada cloud infrastructure, which is managed by Medstack to
ensure that all provincial and federal privacy and security
regulations are met. OPTT does not collect any identifiable
personal information or internet protocol addresses for privacy
purposes. OPTT only collects anonymized metadatato improve
itsservice quality and provide advanced anayticsto theclinician
team. OPTT encrypts all data, and no employees have direct
access to participants' data. All encrypted backups are kept in
the S3 storage that is dedicated to Queen’'s University, located
in Kingston, Ontario, Canada.

Data Analysis

This is a confirmatory study with previously established
objectives and anayses. Initialy, all data are examined for
missing, honsensical, and outlying variables. Missing data are
treated as missing and not imputed (ie, will be analyzed on a
per-protocol basis). The participants in this study were
intentionally oversampled to account for dropouts or
withdrawals. On the basis of previous research, an anticipated
dropout rate of up to 30% was factored in. Using the PHQ-9 as
the primary outcome, a 30% change is considered clinically
significant. Therefore, a sample size of 55 participantsin each
arm of the study would be sufficient for detecting significant
results with P=.05 and a power of 0.95. Data collection occurs
at baseline (preintervention), in the middle of the study (week
6), immediately after the intervention (week 12), and at a
6-month follow-up. Using Mann-Whitney U tests, demographic
information can be compared between participantswho complete
the program and those who withdraw prematurely in the hope
of identifying possible differences between the two. Moreover,
an intention-to-treat analysis will be conducted to evaluate the
clinical effects of treatment on participants who withdraw
prematurely. Linear regression anaysis (for continuous
outcomes) and binomial regression analysis (for categorical
outcomes) will be used to identify variables associated with the
outcome measures (PHQ-9, Quick Inventory of Depressive
Symptomatology Questionnaire, and Quality of Life and
Enjoyment Questionnaire). This will occur over the 4
measurement time points while controlling for demographic
variables, including age and gender. In addition, a comparative
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analysis between both groups questionnaire scores will be
conducted at all data collection time points using group and
paired two-tailed t tests.

Other quantitative measures for the eeCBT group will be
gathered by extrapolating recorded information directly through
the OPTT platform (eg, the number of log-ins per day and the
amount of time spent logged in). Qualitative measurement
analyseswill be conducted to inquire about the role of personal,
social, and cultural factorsin enabling or constraining the use
of e-CBT. Thefindingswill identify factorsrelated to the utility,
feasibility, and accessibility of e-CBT from the perspectives of
users and providers. Interpretive qualitative methods are ideal
for gathering in-depth descriptions of user experience and
meaning.

Results

Thisstudy received ethics approval from the Queen’sUniversity
HSREB in January 2019, and the recruitment of participants
began in June 2019. Participant recruitment has been conducted
through social media advertisements, physical advertisements,
and physician referrals. To date, 52 participants have been
recruited in the e-CBT arm, and 48 participants have been
recruited inthein-person CBT arm. Data collection is expected
to be concluded by the end of March 2021, and data analyses
are expected to be completed by June 2021.

Discussion

Comparison With Prior Work

MDD isadehilitating mentd illness. Although treatment options
are available, these modalities are either not efficacious for
patients, inaccessible, or not scalable to a large population.
Therefore, an innovative treatment that is efficacious and

Conflicts of Interest

Alavi et d

accessible while having an increased care capacity is needed.
Developing a web-based psychotherapy tool with predesigned
therapy modules and care processes can drastically increase
care capacity for an overwhelmed mental health care system
without sacrificing the quality of care. In this study, we aim to
evaluate the feasibility and efficacy of this method of care
delivery. By evaluating both the efficacy (through validated
symptomology questionnaires) and feasibility (using focus
groups), we can learn more about the real-world usefulness of
e-CBT. Many of the current options for eeCBT are offered in
nonsecure, nonscalable formats (email) or less effective
(self-help) modalities, and by using this web-based platform,
we can fill the gaps in the literature surrounding a large-scale
psychotherapy clinic format for eeCBT delivery. Through the
focus group findings, we can continue to better understand the
accessihility issues associ ated with the remote delivery of mental
health treatments and use these findings to develop more
accessible options for patients. If proven feasible and
efficacious, a web-based psychotherapy clinic can provide
significant financial savings to the health care system through
efficient use of clinician time, while providing an equitable and
accessible method of treatment delivery for patients.

Conclusions

The outcomes of this study will be shared as a preprint through
bioRxiv for the rapid dissemination of the findings. We will
also hold multiple web-based workshops for other clinicians
interested in implementing this approach and provide technical
and academic support to deploy this solution in their respective
practices. This will ensure that the findings can be efficiently
incorporated into clinical practice across the country. This
protocol and future publications or findings will be reported
using the guidance for reporting interventional development
studies in health research framework and the template for
intervention description and replication [36,37].

NA and MO have cofounded the care delivery platform in use (ie, OPTT) and have ownership stakesin OPTT Inc.

Multimedia Appendix 1

Sample electronically delivered cognitive behavioral therapy module session.
[PDE File (Adobe PDF File), 3875 KB - resprot_v10i6e27489_appl.pdf ]
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Abstract

Background: Impaired facial emotion expression recognition (FEER) has typically been considered a correlate of autism
spectrum disorder (ASD). Now, the alexithymia hypothesisis suggesting that this emotion processing problem isinstead related
to alexithymia, which frequently co-occurs with ASD. By combining predictive coding theories of ASD and simulation theories
of emotion recognition, it is suggested that facial mimicry may improve the training of FEER in ASD and aexithymia.

Objective: Thisstudy aimsto evaluate anovel mimicry task to improve FEER in adults with and without ASD and alexithymia.
Additionally, this study will aim to determine the contributions of alexithymia and ASD to FEER ability and assess which of
these 2 populations benefit from this training task.

Methods: Recruitment will primarily take place through an ASD community group with emphasis put on snowball recruiting.
Included will be 64 consenting adults equally divided between participants without an ASD and participants with an ASD.
Participants will be screened online using the Kessler Psychological Distress Scale (K-10; cut-off score of 22), Autism Spectrum
Quotient (AQ-10), and Toronto Alexithymia Scale (TAS-20) followed by aclinical interview with a provisional psychologist at
the Federation University psychology clinic. The clinical interview will include assessment of ability, anxiety, and depression as
well asdiscussion of past ASD diagnosisand confirmatory administration of the Autism Mental Status Exam (AMSE). Following
the clinical interview, the participant will complete the Bermond-Vorst Alexithymia Questionnaire (BVAQ) and then undertake
a baseline assessment of FEER. Consenting participants will then be assigned using a permuted blocked randomization method
into either the control task condition or the mimicry task condition. A brief measure of satisfaction of the task and a debriefing
session will conclude the study.

Results: The study has Federation University Human Research Ethics Committee approval and is registered with the Australian
New Zealand Clinical Trials. Participant recruitment is predicted to begin in the third quarter of 2021.

Conclusions: Thisstudy will be the first to evaluate the use of anovel facial mimicry task condition to increase FEER in adults
with ASD and alexithymia. If efficacious, thistask could prove useful as a cost-effective adjunct intervention that could be used
at home and thus remove barriers to entry. This study will also explore the unique effectiveness of this task in people without an
ASD, with an ASD, and with alexithymia.

Trial  Registration: Australian New  Zealand Clinicd Tria Registry ACTRN12619000705189p;
https://www.anzctr.org.au/Trial/Registration/Trial Review.aspx2d=377455
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Introduction

Background

Behavioral and cognitive neuroscience has elaborated a range
of emotion-related difficulties with emotion recognition [1],
empathy [2], and regulation of emotions in autism spectrum
disorder (ASD) [3]. However, these abnormalities are not
observed in al people with ASD [4]. Traditionally, these
emotion-processing difficulties have been viewed asinevitable
correlates of ASD, but recent research suggests that their
presence is variable and better explained by co-occurring
alexithymia. This suggestion is termed the alexithymia
hypothesis [5] and is gaining significant support [6].
Alexithymiaisapersonality construct that relatesto theinability
to distinguish or describe the subjective feelings in the body
produced by emotion. Alexithymiais related to both empathy
[7] and emotion recognition [8] deficits. Severe degrees of
alexithymia are manifested in up to 65% of adults with ASD
[9].

The 2 forms of alexithymia, type 1 and type 2 [10], differ on
the affective and cognitivedimensions[11]. Type 1 alexithymia
includes high levels of both dimensions, whereas type 2
alexithymiaonly includes high level s of the cognitive dimension.
Type 1 relates to reduced emotional reactivity (or a severe
downregulation of emotional experience), and type 2 istypical
emotional reactivity, but a reduced ability to interpret and
describe that emotion [12].

Simulation Theories

Simulation theories [13] may explain how these emotion
processing deficits occur in alexithymia. Simulation theories
refer to the perception of a facia expression triggering a
simulation of that expression's corresponding emotion within
the perceiver. This simulation is then used to understand the
perceived facial expression meaning to facilitate emotion
recognition and empathy [14,15].

Alexithymia can explain the failure of this simulation process.
Studies suggest that reduced emotion recognition accuracy in
alexithymiais related to reduced activity in the insula (a small
region within the cerebral cortex) [16]. The insulais related to
the cognitive processing of emotions and generation of emotions
[17,18], which are both required for simulation to work. The
insulahas a so been noted asacritical relay station between the
action representation system, which represents the vision of
facial expressions, and limbic areas, which generate emotion
[19]. In alexithymia, it has been found that the insula is
hypoactive [12]. Therefore, when a facial expression is seen,
the insula may fail to relay thisinformation to the limbic area,
which typically simulates the observed emotion.

https://www.researchprotocols.org/2021/6/€24543/

The simulation process may also fail in alexithymia due to an
inability to access the emotional information generated by a
simulation. There are 2 explanations as to why people with
alexithymia may not be able to access the simulation
information. The first explanation is because of the inability to
describe emotionsin the self and differentiate them from bodily
sensations, which is the hallmark of alexithymia[20]. Second,
significant interoceptive deficits have been observed in
alexithymia, which explainswhy peoplewith aexithymiacannot
accurately assess their current emotional state [21,22]. This
interoceptive deficit would suggest that, even if an emotion was
generated during simulation, people with alexithymia would
not be able to appraise and understand this simulated emotion.
Therefore, the simulation process would not provide any
information about what the other person is feeling.

Another way that alexithymia may explain a failure of the
simulation process is if people with alexithymia have trouble
assigning the simulated emotion as belonging to the “sender”
of the emotional expression [23], which is termed self-other
digtinction. If an emotion is simulated, but not tagged as
belonging to the “sender,” then the simulation cannot aid
recognition of the sender's emotion.

While alexithymiais akey element in explaining the failure of
this simulation process, it does not provide a finer mechanistic
explanation. However, theories proposed within predictive
coding frameworks (PCFs) are beginning to provide a
compelling explanation.

Predictive Coding Frameworks, Interoception, and
Self-Other Distinction

PCFssuggest that the brain uses complex mathematical models
to predict the most likely truths occurring in ourselves and our
worlds [24,25]. These models are continually updating to
increase efficiency and accuracy at explaining the most probable
cause of sensory inputs [24]. Quattrocki and Friston [26]
proposed a PCF theory that suggests that the causal factor of
ASD is an aberrant oxytocin system. They proposed that the
neuropeptide oxytocin has 2 functions. First, it has a role in
prescribing the perceived accuracy of an interoceptive signal
within the body. The perceived accuracy of an interoceptive
signal is important because, if a top-down prediction and
bottom-up stimulus do not match up, the brain will rely more
heavily on the information source it perceives to be most
accurate.

Therefore, when generating a model of the current state of the
self or body, oxytocin mediates how much weight will be given
to an interoceptive stimulus versus predictive models of the
body’s current state. Second, oxytocin has a role in enabling
the plasticity required for the brain to generate a model of the
emotional and socia “self.” Without these models, an over
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reliance would be put on bottom-up information, as described
by Pellicano and Burr [27].

Two constructsimplicated in forming a distinction between the
self and others were introduced in the earlier paragraphs:
interoception and the self. Interoception is the perception of
one’'sown internal state, including the perception of sensations
such as thirst, stress, temperature, sleepiness, and heartbeat.
One use of these sensationsisfor inferring emotional statesand
generating amodel of the embodied “self” [25]. The embodied
“self” is the physical body belonging to an individual, which
the brain distinguishes as separate from other matter in the
environment [28]. These bottom-up stimuli inform limbic brain
regions and are suggested to assimilate with higher-order models
of the self in the insula, anterior cingulate cortex, and
ventromedial prefrontal cortices [29,30]. Therefore, these 3
areas are responsible for producing top-down predictions of
perceptual information that has an emotional valence (ie, “gut
feelings’). These emotionally valenced predictions are key
components of the subjective emotional experience and
self-awareness [ 25]. Quattrocki and Friston [26] suggested that
one way in which models of the self can be weak is due to an
aberrant oxytocin system. They suggest that an aberrant oxytocin
system results in a failure to attribute less accuracy to
interoceptive cues, which leads to a biased use of interoceptive
cues over top-down prediction models. This biased use of
interoceptive cues results in the models of the self being
underdeveloped, lacking  efficiency and  accuracy.
Underdeveloped models of the self make the ability to form a
self-other distinction exceedingly difficult, and therefore, the
ability to attribute an emotion to another person iscompromised.
Consequently, any emotional presentation generated via
simulation for either empathy or emotion recognition may be
experienced, however, not able to be attributed to the other
person.

Facial Mimicry and Oxytocin

Facial mimicry and oxytocin may aid these interoceptive and
emotional processing symptoms. Aoki and colleagues [31]
showed that activity in the insula could be increased during
emotion recognition tasksin people with ASD. They found that
oxytocin significantly increased emotion recognition (P=.043)
and increased activity intheinsuladuring these tasks (P=.004).
This study did not measure alexithymia; however, emotion
recognition deficits in ASD have been found to become
insignificant after accounting for alexithymia [32]. Therefore,
this relationship between emotion recognition, oxytocin, and
activity in the insula may actualy be more applicable to
alexithymiathan to ASD.

One natural way to increase oxytocin has been suggested by
Delaveau et a [33] by using mimicry. Mimicry referrers to
copying the movements of another person. Delaveau et al [33]
found that when mimicking and being mimicked, there was
increased activity in the insula, similar to the results of Aoki
and colleagues [31]. Paired with prior behavioral studies[34],
the authors suggested that these results may be due to mimicry
increasing the salience of socia cues through the modulation
of brain regions related to self-other processing. Further, they
suggested that the systematic use of mimicry may provide
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therapeutic benefits. Given that both oxytocin and self-other
processing have been implicated as key targets for the emotional
processing problems observed in alexithymia, an intervention
that includes mimicry may be a novel and simple therapeutic
method.

Lewis and Dunn [35] offered support for the effectiveness of
instructed mimicry in their emotion recognition study. They
found that instructions to mimic a facial expression improved
the recognition of that emotional expression selectively for
people with high autistic traits. Thisfinding was similar to that
of Luminet et al [36] who found that oxytocin selectively
benefits people high in aexithymia on a similar task.
Additionally, other studies have shown that by restricting facial
mimicry, facial emotion expression recognition (FEER)
decreases (eg, [37-39]).

Study Aims

The first aim of this study is to evaluate the efficacy of an
instructed mimicry task condition to improve FEER compared
toacontrol condition and also from baselineto posttest in adults
with and without alexithymiaand ASD. The second aim of the
study is to confirm findings by Cook et al [32] that FEER is
related to alexithymia and not ASD. As an ancillary aim, the
study will also collect datafor further research on how eye-gaze
patternsin type 1 alexithymia and type 2 alexithymia uniquely
relate to FEER in the same sample.

Methods

Study Design

The study designisamixed factor 2x2x2 within-between design.
Participants who meet inclusion and exclusion criteria will be
randomized to acontrol task or the experimental task. Inclusion
and exclusion criteria and pretrial control variables will be
collected during an online screening stage and during an
in-person clinical interview. Baseline outcomeswill be assessed
directly before the control task or experimental task. They will
then be assessed again during the control and experimental
tasks. The study will conclude with a brief measure of
satisfaction of the task and adebriefing session. See Multimedia
Appendix 1 for astep-by-step workflow of aparticipant through
the study.

Participants

Wewill recruit through local ASD support groups, online social
media, and noticeboard advertisements (eg, at Federation
University Australia). We will also use snowball recruiting to
better penetrate the ASD community. Participantswith an ASD
(based on the assessments described in the Assessment section)
will be assigned to the ASD group. Other participants will be
assigned to the alexithymia-matched general population group
(AM group).

The researchers will also use the 20-item Toronto Alexithymia
Scale (TAS-20) total scores[40] to match the ASD group with
the AM group without an ASD. Specifically, the number of
participants in each group meeting criteriafor alexithymiawill
be matched as indicated by TAS-20 scores =61, which is how
groups have been matched in similar studies (eg, [32]).
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The inclusion criterion is that participants are 18 years of age
and older. The ASD group also hasthe added inclusion criterion
of a confirmed ASD based on the assessment described in the
Assessment section. Exclusion criteria include the participant
having another mental health condition (other than an ASD if
inthe ASD group) diagnosed by aclinician and that the Kessler
Psychological Distress Scale (K10) [41] indicates a significant
level of distress (cut-off score of 22).

Assessments

The main aim of the current study is to assess the efficacy of
the intervention in the general population and an ASD
population, but also if people with high levels of alexithymia
gain additional benefit. Further, this study will aim to replicate
the study by Cook et a [32], which suggested that alexithymia,
not ASD, predicts poor FEER. This requires having a general
population group and another group with people with ASD,
with both groups being matched on levels of alexithymia
Therefore, participants will be prescreened online to facilitate
creating this composition of participants. During the online
screening stage, participantswill choose to consent in the study,
complete the TAS-20, and indicate if they have an ASD or if
they have been diagnosed with an ASD. During this screening
stage, participantswill also compl ete demographic information,
the Autism Spectrum Quotient (AQ-10) [42], and the K-10.

Participants will then be invited to a clinical interview with a
provisional psychologist (PP) at the Federation University
Psychology Clinic who will confirm a reported diagnosis of
ASD and complete an observational assessment that gives a
diagnostic indication of an ASD. Participantswho have reported
adiagnosis will be asked what instrument was used and if the
PP can request a copy of the results. The PP will also complete
the Autism Mental Status Exam 2.2 (AMSE) [43,44]. The
AMSE is an 8-item observational assessment that takes place
during aclinical interview and predicts ASD classification on

https://www.researchprotocols.org/2021/6/€24543/

Caineetd

the Autism Diagnostic Observation Schedule (ADOS) [45].
During this clinical interview, participants will aso be
administered the Depression Anxiety Stress Scales-21
(DASS-21) [46] and the Wechsler Abbreviated Scale of
Intelligence (WASI-1I) [47] to assess depression, anxiety, and
1Q, which will be used as control variables in the analyses of
the results.

Assessor Training and Supervision

The PPs will have pre-existing training in conducting clinical
interviews, including mental status examination, as well as
administration of symptom measures and cognitive testing.
They will be supervised by approved supervisors and endorsed
clinical psychologists with extensive clinical experience (at
least 10 years) working with and diagnosing people who have
an ASD. All psychologistswill participatein the AMSE training
[48], which entails working through the AMSE manual,
examples, and posttests. The viewing, rating, and discussion of
additional videos of adults with ASD will enhance interrater
reliability and ensure understanding of diagnostic criteria.

Clinical interviews will be recorded, and AMSE scoring
decisionswill be made with one or, whereit isdifficult to reach
consensus, both of the supervisors. Partici pantswho meet AMSE
criteria and have a confirmed historical diagnosis will be
included in the ASD group.

M easures

During the screening stage of the study, participants complete
the K-10, TAS-20, AQ-10, and several single-item questions
pertaining to demographic variables and known presence of
other mental conditions. In the clinical interview with the PR,
participants will be administered the DASS-21 and WASI-II,
and the clinician will also use this time to complete the AMSE
observational measure. Indication of context and time-point for
each measure can be seen in Table 1.
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Table 1. Study design and measures.

Caineetd

Concept Measure Instrument Condition/ time point
Online screening  Clinica interview  Experiment stage
stage stage
Pretest During Experi- Posttest
mental task
Primary outcome FEER ability FEER task Im- - X X -
provement score
Secondary Outcome  Acceptance / Enjoy- Task satisfaction - - - X
ment of task Questionnaire
Eligibility Psychological distress  k_10P X - - -
Depressonand Anxiety pasg-21© - X - - -
Predict ASDY classificas AMSE' - X - - -
tion on the ADOS®
Predict ASD classifica  aoQ-109 X - - -
tion
Alexithymia TAS—ZOh X - - -
Control variables  Alexithymia BVAQ - X - -
1Q WASI-2 - X - - -
Demographics Demographicinfor- X - - -

mation

8FEER: facial emotion expression recognition.
bK-10: Kessler Psychological Distress Scale.
’DASS-21: Depression Anxiety Stress Scales-21.
dASD: autism spectrum disorder.

€ADOS: Autism Diagnostic Observation Schedule.
FAMSE: Autism Mental Status Exam.

9AQ-10: Autism Spectrum Quotient.

PTAS: Toronto Alexithymia Scale.

iBVAQ: Bermond-Vorst Alexithymia Questionnaire.
JWASI-2: Wechsler Abbreviated Scale of Intelligence.

K-10

TheK-10[41] isameasure of psychological distress. It consists
of 10 items measured using 5 values that ask how often a
specific feeling wasfelt over the past 4 weeks. Possible answers
range from 1 “None of the time” to 5 “All of the time,” with
higher values indicating more distress. Possible scores range
from 10, indicating no distress, to 50, indicating severe distress.
A cut-off score of 19 will be used to indicate the presence of
case-level anxiety or depression[49]. TheK-10isareliableand
valid measure of psychological distress with high discriminant
validity [41].

TAS-20

The 20-item TAS-20 [40] is the most widely used measure of
alexithymia. It consists of 20 items, with each item being rated
on a 5-point Likert scale between “strongly disagree” (1) and
“strongly agree” (5). Higher scores designate higher degrees of
alexithymiawith a possible score ranging between 20 and 100.
Cut-off scores have been devel oped with scores <50 suggesting
no alexithymia, scores between 51 and 60 indicating borderline
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alexithymia, and scores =61 suggesting aexithymia[50]. The
TAS-20 has been demonstrated to be a valid and reliable
measure of aexithymia [40] with an internal consistency of
0=.81 and test-retest reliability of .77 (P<.01).

Bermond-Vorst Alexithymia Questionnaire

The Bermond-Vorst Alexithymia Questionnaire (BVAQ) [11]
is aso a measure of aexithymia that aims to assess the
alexithymia construct more comprehensively across 2
subdimensions, namely the cognitive and the affective.
M easuring these 2 subdimensions aidsin di stingui shing between
participants with type 1 and type 2 alexithymia. In total, there
are 40 itemsrated on a 5-point Likert scale, with higher scores
indicating higher levels of alexithymia. This model of
alexithymia and the BVAQ have demonstrated strong validity
and reliability [10,11].

DASS-21

The DASS-21[46] isaself-report questionnaire that isdesigned
to measure depression, anxiety, and stress'tension levels. Each
of the 3 subscales contains 14 itemsthat are scored on a4-point
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Likert style scale, which ranges from O, “did not apply to me
at al,” to 3, “applied to me very much, or most of the time.”
Total scores are calculated by summing the scores from the 3
subscales, with higher scores indicating more of that construct.
The DASS has good convergent and divergent validity, with
strong internal consistency and reliability, with Cronbach alphas
observed at .94, .87, and .91 for depression, anxiety, and stress,
respectively [51]. Additionally, the DASS has established
normative data for adults with an ASD [52].

AMSE

The AMSE 2.2 [43] is an 8-item clinician observational
assessment that aims to structure the documentation and
observation of social, communicative, and behavioral function
in people with ASD. The AMSE takes place during a clinical
interview without adding extra work or time during the
examination. Scores higher than 4 predict ADOS [53]
classification with a sensitivity of 94% and specificity of 81%
[44]. Interrater agreement is high at 0.97, and internal
consistency was fair with a Cronbach a of .72 [43].

WASI-I|

The WASI-II [47] is an individual, clinician-administered
measure of cognitive intelligence based on the Wechsler Adult
Intelligence Scale - Fourth Edition (WAIS-IV) [54]. The
WASI-II includes 4 subtests: block design, vocabulary, matrix
reasoning, and similarities. It produces 3 metrics: Full-Scale
1Q, Verbal 1Q, Performance Q. The WASI-1I correlates highly
with the WAIS-1V and has good reliability and validity [55].

AQ-10

The AQ-10 [42] is a short-form, 10-item, self-assessment
instrument for measuring autistic traits based on the AQ-10
[56]. Each of the 10 items contains a statement such as“| find
it easy to 'read between the lines when someone is talking to

Figure 1. Physical layout of experiment and eye-tracker.

EXPERIMENTER'S LAPTOP
(ANGLED AWAY FROM
PARTICIPANT)
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me.” Responses are made on a 4-point scale ranging from
“Definitely Agree”’ to “ Definitely Disagree” One point isscored
if the respondent selects” Definitely Agree” or “ Slightly Agree”
on each of items 1, 7, 8, and 10. One point is scored for
“Definitely Disagree” or “Slightly Disagree” on each of items
2,3,4,5, 6, and 9. The AQ-10 has good construct validity and
adequateinternal consistency with aCronbach alphaof .85[42].

Questionnaire of Task Satisfaction

In addition to these measures, a self-developed questionnaire
of satisfaction, acceptance, and enjoyment of the task will also
be designed to assess how viable this method of training is for
people with alexithymia and ASD (Multimedia Appendix 2).
It will include 5 statements about the study task, with responses
on a5-point scale. Responseswill range from 1 (Not very true)
to 5 (Very true). Higher scores for each question indicate that
the statement applied more strongly to theindividual. Examples
of theitems are “ The task made me uncomfortable” and “| feel
like this task helped me”

Equipment

The Tobii Pro x3-120 Eye Tracker (TPX3) is a screen-based
eye tracker that tracks the gaze point on a screen. The TPX3
has been certified to meet European standard EN 62471, which
indicatesthat it is not harmful to the human eye. The TPX3 has
asampling rate of 120 Hz and alarge head movement box (area
where the user’s head can move and still be tracked). Only the
gaze point 2D coordinates on the screen for each eye will be
used. The TPX3will attach to the bottom of acomputer monitor
that is~64 cmin front of the participant. Both the chair and the
participant’s screen can adjust for height to make sure the
participant’s head iswithin the head movement box asindicated
in Figure 1. The chair and screen height will be adjusted based
on the setup procedure within the iMotions software prior to
running the iMotions software eye-tracker calibration process.

_/
~ \

L%
.
“

PARTICIPANT 64CM
FROM MONITOR

ADJUSTABLE
CHAIR HEIGHT
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Primary Outcome

The primary outcome being assessed is an increase in FEER.
This will be measured by comparing the percent of correctly
identified facial emotion expressions from the basdine
assessment task to the instructed mimicry experimental task.
Additionally, the percent of correctly identified expressionswill
also be compared between the control condition and the
intervention condition. This will provide 2 primary metrics:
before-after percent improvement and control group to
experimental group percent improvement.

Intervention

Thetask will be ddliveredin-person at the Federation University
Psychology Clinicin Ballarat, Australia, by the primary author
in asmall counselling room. The room will have 2 computers
on adesk, each with separate monitors and peripherals (one for
the participant and the other for recording eye-tracking data).
Participants will take part in the task 1 participant at a time
based on a mutually agreed upon time and date. Participants
will only undergo this task once, and it is expected to take
approximately 30 minutes based on prior testing where asmall
neurotypical group took approximately 25 minutesto complete
thetask in ausability test. The intervention is a software-based
FEER training task that presents a series of different facia
expressions and requires individuals to firstly mimic and then
select which emotional expression they saw. The software runs
on Microsoft Windows 10 and requires only minimal system
reguirements and a mouse.

The intervention task condition will begin with the software
presenting a basic description of 6 facial expressions (fear,
sadness, happiness, anger, disgust, surprise) and tips on how to
spot each expression. Next, participantswill be verbally advised
by the experimenter and by on-screen text that a series of
emotion recognition trials will begin shortly. Further, they will
betold that after each emotion is displayed that they should try

Figure 2. Task sequence and stimulus example.

500 ms
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their best to mimic (copy) the observed facial expression with
their own face. Once they have mimicked the expression, they
should then use the 6 labelled buttons on the right-hand side (or
associated keyboard shortcut) to choose which emotion was
displayed. After selecting the answer using 1 of the 6 buttons,
a 5-point Likert scale on the computer screen will ask the
participant “How well did you mimic the expression?’ with
responsesranging from 1 “not very well” to 5 “very well.” This
will repeat for each of the 36 trials. The trials will include
various models of both men and women depicting the 6
emotions.

The sequence of each trial in the task is depicted in Figure 2
with accompanying numbered indexes. Each trial will begin
with aneutral expression image displayed on the screen (index
1). After this image has been displayed for 3 seconds, it will
quickly swap to another image from the same model, except
this image will depict an emotional expression (eg, angry or
sad, index 2). After 500 milliseconds, thisimagewill be replaced
with the original neutral image (index 3), and the 6 buttonswith
emotion labels will appear on the right-hand side (index 4).
Once the participant selects the emotion using the 6 buttons,
the trial will conclude with the 5-point rating of how well the
participant felt they copied the expression (index 5).

In atask that aimsto test or train FEER ability, it is important
to ensure that the emotiona stimuli tested against are true
exemplars of the emotion they purport to signal. It is aso
important that the expressiveimagesin the baseline test and the
experimental tasks are similar in recognition difficulty. This
will reduce the risk of improvements being attributed to easier
expressions in the experimental tasks compared to the baseline
task. This task used the Warsaw Set of Emotional Facial
Expression Pictures (WSEFEP) [57]. See Multimedia Appendix
3 for a description of these pictures and how pictures were
selected for each condition. See Figure 2 for an example of the
pictures.

Shown until next trial

(Image to be mimicked)

Next trial begins with next model
or next emotion

©On a scale from 1to 5 how well do you think you copied the facial expression pnor fo selecting which emotion it was?

O Verypoorly (1) O Poordy (2) (O Adequately (3)

Submi

O well (4)
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Comparator/Control Group

Thisstudy includes both abefore-after, within-group comparator
and a between-groups control group. To make the before-after
comparison, participants will first partake in a baseline
assessment task of emotion recognition before randomization
to one of the experimental conditions. This baseline assessment
task will be the same as the intervention task; however,
participantswill not beinstructed to mimic thefacial expressions
prior to selecting an expression.

In addition to the before-after comparator, there will be acontrol
condition. The control condition will also undergo the baseline
assessment task; however, instead of participating inthemimicry

Caineetd

intervention task, they will undergo a similar task with no
mimicry element. This task will be identical to the instructed
mimicry intervention task; however, instead of being instructed
to mimic the facial expression, they will be instructed to “pay
particular attention to the entire face prior to selecting an
expression.” This instruction is aimed to match for attention
levels.

A final point of comparisonwill bethat participantswill befirst
broken up into 2 groups, namely the AM group and ASD group.
This comparison will provide the ability to analyze if any
intervention effects only occur or are stronger in people with
ASD, alexithymia, or the general population. The participant
flow diagram can be seenin Figure 3.

Figure 3. Participant flow diagram. ASD: autism spectrum disorder; K-10: Kessler Psychological Distress Scale.
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Randomization

Participants will be randomized using permuted block
randomization with stratification across age and gender to
receive either the control or experimental task condition with
equal numbers from both the ASD group and AM group
receiving each task.

Sample Size Calculation

Based on the effect sizes of 2 previous studies measuring similar
constructs and similar tasks [32,35], to achieve a medium to
large effect (eg, Gpower f2 test = 0.27) with a significance of
5% (P=.05) and power of 80%, a sample size of 58 will be
required to demonstrate statistical significance for the primary
hierarchal regression and analysisof variance (ANOVA). Given
an expected attrition of 10%, atotal of 64 participants will be
recruited.

Statistical Analyses

Thedatawill be analyzed using SPSS, Version 25. Alexithymia
will be analyzed to aid in matching the AM group and ASD

Table 2. Experimental group and intervention design.

Caineetd

group on aexithymia. To ensure that the ASD and AM groups,
and also the experimental and control groups, are comparable,
means and standard deviations of participant characteristicswill
also be compared with tests of difference.

The study design is a mixed factor, 2x2x2, within-between
design (see Table 2), and therefore, the most appropriate test of
difference is a mixed factorial ANOVA, set up according to
Table 2 with 1Q, depression, and anxiety variables added as
covariates. Thiswill provide analyses of whether theinstructed
mimicry intervention task was effective by comparing baseline
scoresto posttest scores. Additionally, it will providethe ability
to compare posttest scores between the control group and the
intervention group. Finally, thisanalysiswill have the additional
ability to discern these differences based on group (ASD group
and AM group).

In addition to the mixed factorial ANOVA, a hierarchical
regression analysis will also be conducted (see Table 3) to
determine the predictive ability of alexithymia on the primary
outcome variable.

Time point ASD? group (n=~32) AMP group (n=-32)
Control task condition ~ Mimicry task condi-  Control task condition Mimicry task condition
(n=~16) tion (n=~16) (n=~16) (n=~16)
Pretest FEERC task score FEER task score FEER task score FEER task score
Posttest (the intervention task isthe posttest)  FEER task score FEER task score FEER task score FEER task score
8ASD: autism spectrum disorder.
bAM: alexithymia-matched general population.
CFEER: facial emotion expression recognition.
Table 3. Hierarchal regression stages for analysis.
Stage Variables
Stage 1 1Q, age, gender
Stage 2 +Autism
Stage 3 +Alexithymia
Stage 4 +Intervention
Hypotheses Results

It is hypothesized that the condition that receives the mimicry
task will show significantly better emotion recognition
improvement scores (posttest minus baseline); the degree of
alexithymiawill negatively predict baseline scores; the degree
of alexithymiawill predict improvement scores (posttest minus
baseline); when matched on aexithymia, the general population
and ASD population will not significantly differ in emotion
recognition improvement scores (posttest minus baseline); and
when matched on alexithymia, the AM group and ASD group
will not significantly differ on baseline emotion recognition
SCOres.

https://www.researchprotocols.org/2021/6/€24543/

Ethics Approval and Trial Registration

This study will meet the ethical guidelines outlined in the
National Statement on Ethical Conduct in Human Research
(NHMRC, ARC & UA) [58]. This study has been granted full
approval from the Federation University Australia Human
Research Ethics Committee (Project # A19-036) and is
registered with the Australian New Zealand Clinical Trial
Registry (ACTRN: ACTRN12619000705189).

Timeline
As of June 2021, the project has not begun recruitment. The
project is predicted to begin participant recruitment in the third

quarter of 2021, with data collection beginning as €ligible
consenting partici pants make contact.
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Discussion

This paper describes, to our knowledge, the first study to assess
an instructed mimicry task to increase emotion recognition
ability in people with aexithymia and ASD. Despite the
formulation of the aexithymia hypothesis, very few studies
have assessed the impact of alexithymiain interventions aimed
at increasing social functioning and in particular, emotion
recognition. Additionally, to our knowledge, no other study has
explored the benefits of instructed mimicry on emotion
recognition in people with ASD and alexithymia. This mixed
factor, 2x2x2, within-between design will assess the efficacy
of the instructed mimicry task to increase FEER. This study
design will enable the assessment of baseline and improvement
scores individually for people with and without ASD while
controlling for levels of alexithymia. This will allow analyses
of how this intervention uniquely benefits ASD without the
interference of aexithymia, which is known to frequently
co-occur in ASD [9]. If this task is successful at increasing
emotion recognition, it could provide easily accessibletraining
to those with ASD, aexithymia, and other disorders that
typically have high rates of alexithymia such as schizophrenia
[59].

One proposed benefit of this intervention for people with
alexithymia and ASD is that the software does not require
supervision. This will likely benefit these populations as they
typically enjoy computer-based interaction rather than social
interaction, asindicated by previous studies (eg, [60]). Thishas
the added benefit of improving accessto thetask asit could be
used on a home computer, which may eliminate a key barrier
to treatment.
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Despite the benefits of this task and study design, some
limitations are present. First, matching the ASD and AM groups
on levels of aexithymia improves our ability to exclude
alexithymia as a contributing factor of emotion recognition
accuracy. Unfortunately, it also means that other confounding
factors may have been systematically introduced when matching
on alexithymia. Thislimitation will makeit difficult to attribute
any benefits of the intervention task specifically to autism.
Additionally, when comparing emotion recognition accuracy,
it will limit our ability to suggest whether emotion recognition
difficulties are related to ASD or to alexithymia, as per the
alexithymia hypothesis.

A second limitation is the once-off nature of this intervention.
While similar tasks have shown improvement over one session
(eg, [61]), it would beideal to administer theintervention several
times over alonger time period and measure in between. Given
that the primary variable, emotion recognition, is measured
during the task (the intervention task is the posttest), this could
be done by having participants complete the task at home for a
specific amount of time and intervals.

In summary, it has been suggested that emotion recognition
problemsin ASD are instead due to co-occurring alexithymia.
This study matches an ASD and non-ASD general population
group (the AM group) on alexithymiato improve the ability to
detect if this is true. Further, this study design will aid in
detecting if the instructed mimicry intervention benefits people
specifically with ASD or if it more broadly aids people with
alexithymia. If successful, this adjunct intervention will be
cost-effective and easy to implement while also removing entry
barriers asit could be used at home on a personal computer.
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Abstract

Background: Progestin-only contraceptive pills (POP) are commonly reserved for women with medical comorbidities but in
actuality, POPs can be safely used by anyone wanting to prevent pregnancy. Thiswide safety profile makesthem anideal candidate
for being available over the counter without a prescription, but adherence issues may be more common with over-the-counter
use. We need a better understanding of the ability of POPs to prevent pregnancy when adherence issues occur in the form of a
missed or delayed pill.

Objective: Thisstudy aimsto determine cervical mucus characteristicsfollowing a6-hour delayed pill intake or after one missed
pill as compared to typical daily use of norgestrel 75 mcg.

Methods: This prospective, multicenter, randomized, crossover study assesses the effect of norgestrel 75 mcg (Opill) on cervical
mucus and ovarian activity during reported compliant daily use, after a 6-hour delayed intake mid cycle, and after a mid-cycle
missed pill. Subject participation will last approximately 4.5 months. We will recruit at 2 US sites: Oregon Health & Science
University, Portland, Oregon and University of California Davis Health, Sacramento, California. Reproductive-aged subjects
with regular menstrua cycles (21-35 days), BMI <32 kg/m2, and proven ovulation (screening luteal phase progesterone >3 ng/mL
[>10nmoal/L]) areeligibleto enroll. Participants cannot be at risk for pregnancy during the study period and not use other hormonal
methods. Norgestrel 75 mcg will be taken at the same time daily except for one day in each of treatment periods 2 and 3, when
the pill will betaken either 6 hourslate (delayed pill) or omitted completely (missed pill). Every 3-4 days, wewill monitor subjects
for follicular activity with transvaginal ultrasound (TV US) examination, cervical mucus, and blood sampling for ovarian hormones
and gonadotropins. Subjects will undergo serial cervical mucus sampling on the days with missed and delayed pill intake at 8
hours after pill intake on the day before the delayed or missed pill, 3 hours following the scheduled time of pill intake if intake
was delayed, 6 hours after the scheduled time if intake was omitted, and on the next day 30 minutes before the time of scheduled
pill intake. The primary objective of the study is to determine the effect of a delayed or omitted pill intake on cervical mucus
characteristics based on a modified Insler score compared to reported daily use.

Results: Our protocol was successfully approved by a central institutional review board (Advarra, Columbia, MD), received
ethical approval on March 23, 2018, and was registered with Clinical Trials.gov (NCT03585712). As of January 2020, the study
completed enrollment of 52 subjects. Analyses are pending.
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Conclusions:
completed proposed enrollment.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(6):€29208) doi:10.2196/29208
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Our protocol was approved by a central review board, and study procedures were successfully executed with

Clinical Trials.gov NCT03585712; https://clinicaltrials.gov/ct2/show/NCT03585712
DERR1-10.2196/29208

KEYWORDS

protocol; missed pill; progestin-only pills; contraception; pharmacokinetics

Introduction

Oral contraceptives are the most widely used hormonal method
of contraception in the United States [1]. Progestin-only pills
(POP) are commonly prescribed for individuals with
contraindications to estrogen, such as those who are
breastfeeding or with medical comorbidities. Almost anyone,
with or without a comorbidity, can safely use POPs to prevent
pregnancy [2]. This wide safety profile makes them an ideal
candidate for being available over the counter without a
prescription [3-5]. For successful use, users need a full
understanding of the ability of POPsto prevent pregnancy when
adherence issues occur in the form of amissed or delayed pill.
Studies of combined estrogen-progestin pills are reassuring that
short lapsesin adherence do not put a user at increased risk for
pregnancy; however, we lack similar information for low-dose
POPs [6]. These studies are essential to applying for
over-the-counter status with the US Food and Drug
Administration. POPs are a well-established method of
contraception and considered an effective method of birth
control with a perfect and typical use failure rate of 0.3% and
9%, respectively [7]. Impenetrable cervical mucusisconsidered
the dominant mechanism for pregnancy prevention with POP
use [8]. Timely pill intake is thought to be critical for this
mechanism of action, but data are not available to assess the
temporality of thiseffect with low-dose POPs, such asnorgestrel
75 mcg (active enantiomer, levonorgestrel), the focus of our
proposed studies. POPs also suppress ovarian activity, but the
extent of suppression is contingent on progestin potency and
dose; but again, data linking pharmacokinetic and

https://www.researchprotocol s.org/2021/6/€29208

pharmacodynamic datafor a POP containing norgestrel 75 mcg
do not exist [9].

Current clinical guidance recommends that taking POPs more
than 3 hours late is considered a missed pill due to concern
regarding diminishing effectson cervical mucus[10]. However,
that may not be case for all POPs; more detailed studies of
cervical mucus qualities over the time period of a missed or
delayed pill may prove that a 3-hour cutoff is too short and
provide POP userswith awider window for maintaining efficacy
should they misstaking their pill on time. Our proposed studies,
outlined in the protocol described here, have been designed to
determine the impact of the POP-containing norgestrel 75 mcg
on cervical mucus and ovarian activity aswell aslevonorgestrel
levels during a treatment period of typical and nonperfect
adherence.

The primary objective of the study isto determine the effect on
cervical mucus characteristics following a 6-hour delayed pill
intake or after 1 missed pill as compared to typical daily use of
norgestrel 75 mcg (seeBox S1in Multimedia Appendix 1). Our
secondary objectives focus on other pharmacodynamic and
pharmacokinetic endpoints including ovarian activity and
levonorgestrel levels with typical and nonperfect adherence to
POPs.

Methods

Study Design
Thisisaprospective, multicenter, randomized, crossover study
(Figure 1).
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Figurel. Study design.
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Study Population

The study population will consist of healthy, reproductive-aged
women with regular menstrual cycles.

Inclusion Criteria
We will recruit healthy subjects aged 18-35 years old with a

BMI no greater than 32 kg/m? with regular menstrual cycles
(21-35 days) and proven ovulation as documented by a luteal
phase progesterone >3 ng/mL (>10 nmol/L) during screening
(see Box S2 in Multimedia Appendix 1). Subjects must have
an intact uterus and both ovaries. Participants cannot not be at
risk for pregnancy during the study period (eg, heterosexually
abstinent, using condoms or permanent contraception). Subjects
must be willing and able to understand and give informed
consent and, in the opinion of the investigator, able to follow
all study requirements. Subjects recently postpartum or
postabortal must have 1 full menstrual cycle (2 bleeding
episodes) and meet the other inclusion criteria prior to
enrollment. Subjects previously using intrauterine or
noninjectable hormones must have had at least 1 menstrual
cyclewithout the treatment prior to screening. For those having
used injectable contraception (depot medroxyprogesterone
acetate), their last injection must be at least 9 months before
screening.

Exclusion Criteria

In general, our exclusion criteria include any of the common
reasons an individual should not be taking contraception,
including pregnancy or anything that would confound or
adversely influence our endpoints. A completelist of exclusion
criteria can be found in Box S2 in Multimedia Appendix 1.

https://www.researchprotocol s.org/2021/6/€29208
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Randomization and Allocation Concealment

All subjects will receive the same study drug, norgestrel 75
mcg, during 3 consecutive treatment cycleslasting 28 days each.
Treatment cycle 1 will be the planned “perfect use” cycle for
all participants with no scheduled delayed or missed pill. We
will randomize subjects during thefirst visit of treatment cycle
2in al1:1 ratio with 13 blocks with a block size of 4 for each
site, to either Arm A (delayed pill to be done during treatment
cycle 2 and missed pill in treatment cycle 3) or Arm B (missed
pill in treatment cycle 2 and delayed pill in treatment cycle 3).
The centralized study coordinating center  will
computer-generate the randomization scheme; site-based study
staff will not have access to the scheme, but once allocated,
both site staff and subjectswill know their allocated arm (Figure
1).

Participant Recruitment and Enrollment

Participants will be recruited from 2 research centers in the
United States with competitive recruitment planned between
the 2 centers. Subjects will be recruited from clinics serving
reproductive-aged women for gynecol ogic care and reproductive
health services (including the clinics' database) as well as
through institutional review board—approved research
recruitment efforts (eg, newsletters, in-services, tear ads, social
network ads). Referrals from previous or ongoing participants
will be accepted. This study’s Clinical Trials.gov registration
number isNCT03585712. Subjectswill be selected for the study
according to the inclusion and exclusion criteria (see Box S2
in MultimediaAppendix 1), will be provided information about
the study and study procedures directly from the study staff,
and if eligible and agree to participate, will undergo and sign
informed written consent.
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Intervention

Subject participation will be 4.5 months, which includes up to
1 month for screening, 3 separate 28-day treatment cycles, and
up to 2 weeks for follow-up and end-of-study processes. All
participants will receive the study drug, norgestrel 75 mcg
(Opill), in the form of apill taken orally once daily. The study
drug will be provided in boxes containing 1 blister pack of 28
tablets, which corresponds to 28 days of study drug (1 pill per
day, single dose). Participants will be provided with 2 boxes at
the start of treatment period 1 (one as back up) and 1 box each
at the end of treatment periods 1 and 2.

Sample Size

Since thisis an exploratory study with no working hypothesis
to confirm or reject, the sample size is not based on a power
calculation. This study will screen approximately 70 subjects
to achieve at least 45 completed subjects.

Sample Coallection

Serial sampling over the 3 separate 28-day treatment cycleswill
be necessary to obtain the key pharmacodynamic and
pharmacokinetic endpoints for this study: cervical mucus,
ovarianfollicular activity, gonadotropins and ovarian hormones,
and plasma levonorgestrel levels. Subjects will prospectively
track any vaginal bleeding experienced.

Theintegrity of the datafor this study is contingent on subject
compliance with study drug and procedures. The subjects will
be instructed to bring their study drug packs to each visit.
Compliance will be assessed by monitoring the study drug

Edelman et a

present or absent from the medication packs at each visit and
at the end of each treatment period and by information recorded
prospectively by an electronic diary (daily text messaging to
report daily pill intake [yes/no], thetime, and bleeding). During
treatment cycles 2 and 3 when either the delayed or missed pill
will occur, the delayed pill intake will be directly observed by
study staff, and the missed pill will be removed from the blister
package by the study staff and placed in a small container,
labeled, and retained in order to monitor accountability.

Study visits occur approximately every 3-4 days but will
increase to every other day when afollicle>15 mmisobserved
during transvaginal ultrasonography examination (TVUS; for
a maximum of 3 visits) and to daily visits around the time of
the delayed or missed pill (Figure 2). Cervica mucus, blood
sampling, and ovarian monitoring via TV USwill be performed
at each visit. Cervical mucus will be collected by aspiration
using the SelectM ucus Endocervical Aspirator (Cooper Surgical,
Trumbull, CT). The cervical mucus assessment will be made
by a limited number of trained clinic personnel to limit
variability. A centralized in-person training will be organized
to maintain a high level of consistency for these evaluations.
The cervical mucus sampling will be performed prior to the
TVUS examination. We will utilize the modified Insler score
to evaluate cervical mucus samples based on consistency
(viscosity), ferning, spinnbarkeit, and cellularity, each scored
on a4-point scale (0-3; see Box S3in Multimedia Appendix 1)
[11]. Cervica mucus is considered protective for pregnancy
when the total scoreis<4.

Figure 2. Study Procedures. 3 follicleis =15mm, then visits are changed to every other day for 3 extravisits; B Three consecutive visits at the time of

delayed/missed pill.
Day 70+/-3 days

Treatment Periods (TP) De!a"';fs:z:ib\;lfr ror

Monitoring twice weekly? (daily visits f:r 3 days)

Ultrasound, Phlebatomy, Cervical Mucus plus PK sampling

TP1 l
(28 days)
.T .YYYTTV"’ YYVY YYY@YYYY vy
A AAAAAAAL AdAA AAAAAAL AAA Study End
u nas
Luteal TP2 b I ’
Phase (28days)  Day42+/-3 days (28 days) Days 85-96
. Delayed pill by 6hrs or Post-treatment

Screening missed pill® follow-up period (only
Progesterone 23 ng/mL (daily visits for 3 days if follicle >15 mm)
Ultrasound plus PK sampling)

Pharmacokinetic (PK) sampling
TP 1: Day 1 and Week 3
TP 2: Week 5
TP 3: Week 9

TVUS examinationswill be performed by licensed and trained
study personnel using atransducer of at least 5 mHz. Standard
measurements will include documentation of the largest
follicle's maximum measurementsin 3 dimensions and average
size if it is =10 mm, postovulatory image, and any ovarian or
follicular abnormalities. A cross-sectional picture of each ovary,
even if no follicles >10 mm are present, will also be taken. A

https://www.researchprotocol s.org/2021/6/€29208
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A= Phlebotomy (LH/FSH/Progesterone/Estradiol)

A= Ultrasound
= Cervical Mucus Collection

postovulatory imagewill be defined asthe abrupt disappearance
of the follicle-like structure or reduction of size in the leading
follicle by >4 mm at 2 consecutive visits or visualization of a
hemorrhagic corpus luteum. Determination of ovarian status
will be categorized based on size of follicle and estradiol and
progesterone levels according to a modified Hoogland score
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(Multimedia Appendix 2) by an independent adjudication
committee [12,13].

Staff will obtain blood samplesfor the gonadotropin (luteinizing
hormone, follicle-stimulating hormone) and ovarian hormone
levels (estradiol, progesterone) during the weekly visits.
Levonorgestrel levelswill bedrawn in treatment cycle 1 on Day
1 and the first visit of week 3, in treatment cycle 2, and in
treatment cycle 3.

Adjudication Committee

An adjudication committee, comprised of experts in cervical
mucus assessment and ovarian activity who are not affiliated
with either of the study sites, will convene at study end before
database lock. This committee will define whether the data
collected for asubject were evaluable or relevant and then define
ovarian status based on ovarian activity parameters (Multimedia
Appendix 2) and the level of conception protection based on
cervical mucus (modified Insler score) and ovarian (modified
Hoogland score) activity and their temporal relationship.

Duration of Trial

It was anticipated that the study will be completed in
approximately 19 months. As of January 2020, the study
completed enrollment of 52 subjects across 2 sites. Analyses
are expected to be complete by July 2021.

Ethical Approval and Dissemination

We utilized a central institutional review board (Advarra,
Columbia, MD) and received ethical approval on March 23,
2018. The study was registered with clinicaltrials.gov
(NCT03585712) prior to enrollment of thefirst participant. We
planto present the dataat international conferencesand publish
resultsin peer-reviewed journals.

Confidentiality

The information on individual subjects arising from this study
isconsidered confidential and will be transmitted to the sponsor
only in a form that will not permit identification of the
individual. Identifiable information will remain secure and
confidential within the research team. Regulatory and sponsoring
agencies may request access to the study records and related
medical records of each participating subject; the subject’'s
identity will remain confidential to the extent permitted by the
applicablelaws and regulations. Theresults of the research will
be released to public agencies including regulatory agencies,
clinical investigators, and research organizations without
referenceto itemsidentifiable to aparticular subject. Theresults
will be published such that the identity of the subjects will not
be disclosed and cannot be ascertained. National and
international agencies and sponsoring agencies may request
accessto the medical records of each participating subject, and
if requested, the subject’sidentity will remain confidential. All
recordswill be kept in a secure storage areawith limited access.

Discontinuations and Withdr awal

A subject is considered to have compl eted the clinical trial after
they have completed 3 separate 28-day treatment periods and
the end-of-study visit. Subjects may be discontinued due to an
adverse event (AE) or serious adverse event (SAE), a mgjor
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protocol violation, suspected drug interaction, changein health
status, pathologically changed laboratory values, or
noncompliance with the study drug or the visit schedule.
Subjects must be discontinued if they withdraw consent, are
lost to follow-up, at trial closeout, have a confirmed pregnancy,
are diagnosed with gonorrhea or chlamydia or pelvic
inflammatory disease during the study, have a suspected
unexpected SAE related to the study drug, or have a serious
problem leading to need for critical care or surgery. Subjects
have a right to withdraw from the study at any time for any
reason and will beinformed of thisright upon entering the study.

Outcomes

The primary objective of the study isto determine the effect on
cervical mucus score following delayed pill intake (by 6 hours)
or after a missed pill as compared to reported daily use of
norgestrel 75 meg by measuring the differencein cervical mucus
score between the day of adelayed pill or missed pill, the day
after, and the day before.

The secondary objectives are as follows. To assess cervical
mucus protection, we will evaluate the duration of effect of a
cervical mucus score <4 after last pill intake of norgestrel 75
mcg after reported perfect use. Cervical mucus is considered
protective when achieving aModified Insler score <4 (see Box
S3in Multimedia Appendix 1). We will evaluate and compare
the proportion of subjectswith aprotective cervical mucus score
during reported daily use of norgestrel 75 mcg, during a
treatment period with a delayed intake of 6 hours, and during
a treatment period with a missed pill. We will evauate and
comparethe ovarian activity of norgestrel 75 mcg as categorized
by amodified Hoogland score (Multimedia A ppendix 2) during
reported perfect daily use, during a treatment period with a
delayed intake of 6 hours, and during a treatment period with
amissed pill. We will assess conception protection of norgestrel
75 mcqg by evaluating if a protective cervical mucus score plus
ovarian quiescence is maintained during reported daily use,
during atreatment period with a delayed intake of 6 hours, and
during atreatment period with amissed pill. We will determine
plasma levonorgestrel pharmacokinetics after a single dose of
norgestrel 75 mcg, at steady state, and after a delayed intake
and after amissed pill. We will assess the safety of norgestrel
75 mcg taken daily for 12 weeks (SAE/AES, bleeding patterns,
abnormal blood chemistry or blood count parameters).

Data Management and Statistical Analysis

Data will be prospectively collected and entered into a secure,
centralized, electronic data capture system as soon as possible
after theinformation is collected. Any outstanding entries must
be completed immediately after the final examination.

We will analyze 4 populations of interest: (1) full-analysis
population consisting of all evaluable subjects, who will be
classified into 4 analysi s popul ations depending on the question
of interest: cervical mucus primary and secondary objectives,
ovarian activity, and conception protection; (2) a per-protocol
population composed of subjects from the full-analysis
population having completed the study without major protocol
violations or deviations and good compliance who will also be
classified into 4 analysis populations: cervical mucus primary
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and secondary objectives, ovarian activity, and conception
protection; (3) intent-to-treat consisting of all subjects
randomized; (4) asafety population that consists of all subjects
who took at least 1 dose of the study drug.

Adver se Events

AE and SAE reporting will bein accordance with good clinical
practice guidelines [14].

Results

Our protocol was successfully approved by acentral ingtitutional
review board (Advarra, Columbia, MD), received ethical
approval on March 23, 2018, and registered with
ClinicalTrials.gov (NCT03585712). As of January 2020, the
study completed enrollment of 52 subjects across 2 sites.
Analyses are pending.

Discussion

Lapsesin adherence are acommon occurrence with daily dosing
of any medication [15]. Studies demonstrate that, over time,
contraceptive pill users have more difficulty with strict
adherence [16,17]. Current clinical guidance recommends that
POP users who take their pill 3 hours late should consider that
amissed pill, but these recommendations are not specific to a
POP contai ning norgestrel 75 mcg nor are they based on updated
methods of monitoring pharmacodynamic endpoints [8]. Our
protocol focuses on obtaining baseline pharmacodynamics of
daily norgestrel 75 mcg utilizing serial monitoring plus 2
different types of adherence lapses, a delayed pill by 6 hours
and amissed pill. A greater understanding of how alapse might
impact POPs and the risk for pregnancy is a critical gap in the
literature that our study is designed to answer.

Our endpoints will be gathered using standard processes and
by teams experienced in cervical mucus and ovarian activity

Acknowledgments
The study is funded by HRA Pharma, Paris, France.

Conflicts of Interest

Edelman et a

monitoring, which will decrease variability in our outcome
measures. Additionally, our randomized study design utilizing
appropriate concealment and allocation techniques decreases
therisk of biasthat might occur with a nonrandomized design.
Our inclusion and exclusion criteria are generalizable to the
population of userswho would usethispill outside of aresearch
study except for the exclusion of individuals with a BMI >32

kg/m?. 1deally, pregnancy would be the endpoint to determine
if these adherence lapsesincreasetherisk for pregnancy instead
of the biomarkers of pregnancy that we are monitoring.
However, it would be unethical to place patients at potential
risk for pregnancy, and the sample size would not be feasible.
Our outcomes will be based on subject compliance with study
drug and study procedures. We plan to utilize severa different
compliance measures including daily self-report, frequent
in-person visits, and study drug counts, but we are not collecting
additional objective measures of compliance in the form of
frequent serum levonorgestrel levels nor are we doing daily
observed pill intake as this would not be feasible. Individuals
that report nonadherence or are found to be nonadherent to study
drug will be discontinued from ongoing study participation. For
individuals with less obvious incursions but with
pharmacodynamic endpoints that appear consistent with
nonadherence (ovulation and favorabl e cervical mucus), we can
retroactively perform levonorgestrel testing on the blood samples
obtained.

Unintended pregnancy is considered amajor public health issue
that can adversely impact an individual’s health and well-being
aswell asthat of their community. Increased accessto effective,
safe methods of contraception, likeincreasing over-the-counter
options, may help to decrease unintended pregnancy. We
designed our proposed study to gain further critical information
necessary to pursue over-the-counter status and to fill an
important gap in the literature.

AE reports honorariaand travel reimbursement from the American College of Obstetricians and Gynecologists, the World Health
Organization, and Gynuity for committee activities and honoraria for peer review from the Karolinska Institute. AE receives
royalties from Up to Date, Inc, and she has acted as a consultant to MedinCELL. Oregon Health & Science University receives
research funding from Oregon Health & Science University Foundation, Merck, HRA Pharma, and National Institutes of Health
where AE isthe principal investigator. AH and PB are employees of HRA Pharma. M C serves on an Advisory Board for Evofem,
Mayne, Merck, and Searchlight and is a consultant for Danco, Estetra, Mayne, Medicines360, and Merck. The Department of
Obstetrics and Gynecology, University of California, Davis Health receives contraceptive research funding, from which MC is
supported from HRA Pharma, Medicines360, Merck, and Sebela. BS and AG are regular consultantsto HRA Pharma.

Multimedia Appendix 1
Supplementary materials: information regarding study outcomes, inclusion and exclusion criteria, and cervical mucus scoring.
[DOCX File, 28 KB - resprot_v10i6e29208 appl.docx |

Multimedia Appendix 2
Supplementary table: modified Hoogland score.

https://www.researchprotocol s.org/2021/6/e29208 JMIR Res Protoc 2021 | vol. 10 | iss. 6 |[€29208 | p.56

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v10i6e29208_app1.docx&filename=ce667de4a349ff2d86fbb0694ee5c4a0.docx
https://jmir.org/api/download?alt_name=resprot_v10i6e29208_app1.docx&filename=ce667de4a349ff2d86fbb0694ee5c4a0.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Edelman et al

[DOCX File, 26 KB - resprot_v10i6e29208 app2.docx |

References

1.  Kavanaugh ML, Pliskin E, Jerman J. Use of concurrent multiple methods of contraception in the United States, 2008 to
2015. Contracept X 2021;3:100060 [ FREE Full text] [doi: 10.1016/j.conx.2021.100060] [Medline: 33665606]

2. USMedical Eligibility Criteria(USMEC) for Contraceptive Use, 2016. Centersfor Disease Control and Prevention. 2016.
URL.: https://www.cdc.gov/reproductiveheal th/contraception/mmwr/mec/summary.html [accessed 2021-05-18]

3. American College of Obstetrics and Gynecology. Over-the-Counter Accessto Hormonal Contraception: ACOG Committee
Opinion, Number 788. Obstet Gynecol 2019 Oct;134(4):€96-e105. [doi: 10.1097/A0G.0000000000003473] [Medline:
31568364]

4.  WhiteK, Potter JE, HopkinsK, Ferndndez L, Amastae J, Grossman D. Contraindicationsto progestin-only oral contraceptive
pills among reproductive-aged women. Contraception 2012 Sep;86(3):199-203 [FREE Full text] [doi:
10.1016/j.contraception.2012.01.008] [Medline: 22364816]

5. Grossman D, Fernandez L, Hopkins K, Amastae J, Garcia SG, Potter JE. Accuracy of self-screening for contraindications
to combined ora contraceptive use. Obstet Gynecol 2008 Sep;112(3):572-578 [FREE Full text] [doi:
10.1097/A0G.0b013e31818345f0] [Medline: 18757654]

6. ZapatalB, Steenland MW, Brahmi D, Marchbanks PA, Curtis KM. Effect of missed combined hormonal contraceptives
on contraceptive effectiveness: a systematic review. Contraception 2013 May;87(5):685-700 [FREE Full text] [doi:
10.1016/j.contraception.2012.08.035] [Medline: 23083527]

7. Jensen JT, Creinin MD. Speroff & Darney’s Clinical Guide to Contraception. Riverwoods, IL: Wolters Kluwer Health;
2019.

8.  McCann MF, Potter LS. Progestin-only oral contraception: a comprehensive review. Contraception 1994 Dec;50(6 Suppl
1):S1-195. [Medline: 10226677]

9. Hanl, Taub R, Jensen JT. Cervical mucus and contraception: what we know and what we don't. Contraception 2017
Nov;96(5):310-321. [doi: 10.1016/j.contraception.2017.07.168] [Medline: 28801053]

10. USSelected Practice Recommendations (US SPR) for Contraceptive Use, 2016. Centersfor Disease Control and Prevention.
2016. URL.: https://www.cdc.gov/reproductiveheal th/contracepti on/mmwr/spr/summary.html [accessed 2021-05-18]

11. WHO laboratory manual for the examination and processing of human semen, 5th ed. World Health Organization. 2010.
URL.: https://apps.who.int/iris’/handle/10665/44261 [accessed 2021-05-18]

12. Banh C, Rautenberg T, Duijkers |, Borenzstein P, Monteil C, Levy-Gompel D, et a. The effects on ovarian activity of
delaying versus immediately restarting combined oral contraception after missing three pills and taking ulipristal acetate
30 mg. Contraception 2020 Sep;102(3):145-151. [doi: 10.1016/j.contraception.2020.05.013] [Medline: 32474062]

13.  Hoogland HJ, Skouby SO. Ultrasound evaluation of ovarian activity under oral contraceptives. Contraception 1993
Jun;47(6):583-590. [doi: 10.1016/0010-7824(93)90025-3] [Medline: 8334892]

14. Proposed WHO guidelinesfor good clinical practice ( GCPfor trials on pharmaceutical products). WHO drug information.
1992. URL : https://apps.who.int/iris’handle/10665/47572 [accessed 2021-05-18]

15. Hochbergl, Orshalimy S, Yom-Tov E. Real-World Evidence on the Effect of Missing an Oral Contraceptive Dose: Analysis
of Internet Search Engine Queries. JMed Internet Res 2020 Sep 15;22(9):€20632 [FREE Full text] [doi: 10.2196/20632]
[Medline: 32930672]

16. Potter L, Oakley D, de Leon-Wong E, Cafiamar R. Measuring compliance among oral contraceptive users. Fam Plann
Perspect 1996;28(4):154-158 [FREE Full text] [Medline: 8853280]

17. Fox MC, Creinin MD, Murthy AS, Harwood B, Reid LM. Feasibility study of the use of adaily electronic mail reminder

toimprove oral contraceptive compliance. Contraception 2003 Nov;68(5):365-371. [doi: 10.1016/j.contraception.2003.08.013]
[Medline: 14636941]

Abbreviations

AE: adverse event

POP: progestin-only pills

SAE: serious adverse event

TVUS: transvaginal ultrasonography examination

https://www.researchprotocols.org/2021/6/e29208 JMIR Res Protoc 2021 | vol. 10 | iss. 6 [€29208 | p.57

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v10i6e29208_app2.docx&filename=559667e30db140856de751b2c2dccf30.docx
https://jmir.org/api/download?alt_name=resprot_v10i6e29208_app2.docx&filename=559667e30db140856de751b2c2dccf30.docx
https://linkinghub.elsevier.com/retrieve/pii/S2590-1516(21)00007-1
http://dx.doi.org/10.1016/j.conx.2021.100060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33665606&dopt=Abstract
https://www.cdc.gov/reproductivehealth/contraception/mmwr/mec/summary.html
http://dx.doi.org/10.1097/AOG.0000000000003473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31568364&dopt=Abstract
http://europepmc.org/abstract/MED/22364816
http://dx.doi.org/10.1016/j.contraception.2012.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22364816&dopt=Abstract
http://europepmc.org/abstract/MED/18757654
http://dx.doi.org/10.1097/AOG.0b013e31818345f0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18757654&dopt=Abstract
http://europepmc.org/abstract/MED/23083527
http://dx.doi.org/10.1016/j.contraception.2012.08.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23083527&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10226677&dopt=Abstract
http://dx.doi.org/10.1016/j.contraception.2017.07.168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28801053&dopt=Abstract
https://www.cdc.gov/reproductivehealth/contraception/mmwr/spr/summary.html
https://apps.who.int/iris/handle/10665/44261
http://dx.doi.org/10.1016/j.contraception.2020.05.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32474062&dopt=Abstract
http://dx.doi.org/10.1016/0010-7824(93)90025-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8334892&dopt=Abstract
https://apps.who.int/iris/handle/10665/47572
https://www.jmir.org/2020/9/e20632/
http://dx.doi.org/10.2196/20632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32930672&dopt=Abstract
https://www.guttmacher.org/pubs/journals/2815496.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8853280&dopt=Abstract
http://dx.doi.org/10.1016/j.contraception.2003.08.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14636941&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Edelman et al

Edited by G Eysenbach; submitted 29.03.21; peer-reviewed by E Godfrey; comments to author 27.04.21; revised version received
04.05.21; accepted 05.05.21; published 08.06.21.

Please cite as.

Edelman A, Hemon A, Creinin M, Borensztein P, Scherrer B, Glasier A

Assessing the Pregnancy Protective Impact of Scheduled Nonadherence to a Novel Progestin-Only Pill: Protocol for a Prospective,
Multicenter, Randomized, Crossover Sudy

JMIR Res Protoc 2021;10(6):€29208

URL: https.//mww.researchprotocols.org/2021/6/€29208

doi:10.2196/29208

PMID: 33970869

©Alison Edelman, Agnes Hemon, Mitchell Creinin, Pascale Borensztein, Bruno Scherrer, Anna Glasier. Originally published in
JMIR Research Protocols (https.//www.researchprotocols.org), 08.06.2021. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is
properly cited. The complete bibliographic information, alink to the original publication on https://www.researchprotocols.org,
as well asthis copyright and license information must be included.

https://www.researchprotocol s.org/2021/6/e29208 JMIR Res Protoc 2021 | vol. 10 | iss. 6 |[e29208 | p.58
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2021/6/e29208
http://dx.doi.org/10.2196/29208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33970869&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Bilger et al

Protocol

Wireless Home Blood Pressure Monitoring System With Automatic
Outcome-Based Feedback and Financial Incentives to Improve
Blood Pressure in People With Hypertension: Protocol for a
Randomized Controlled Trial

Marcel Bilger®, PhD; Agnes Ying Leng Koong?, MBBS; lan Kwong Yun Phoon?, MBBS; Ngiap Chuan Tan?, MBBS;
Juliana Bahadin®, MBBS; Joann Bairavi®, BSc; Ada Portia M Batcagan-Abueg®, MD, MPH; Eric A Finkelstein®®,
MHA, PhD

IHealth Economics and Policy, Vienna University of Economics and Business, Vienna, Austria, Austria
% ngHealth Polyclinics, Singapore, Singapore

3Saudara Clinic by A+J Genera Physicians, Singapore, Singapore

“Heath Services and Systems Research, Duke-NUS Medical School, Singapore, Singapore

SDuke Global Health Institute, Duke University, Durham, NC, United States

Corresponding Author:

Marcel Bilger, PhD

Health Economics and Policy

Vienna University of Economics and Business
Welthandelsplatz 1, Building D4

Room: Third Floor / D4.3.280

Vienna, Austria, 1020

Austria

Phone: 43 1 31336 5861

Email: marcel .bilger@wu.ac.at

Abstract

Background: Hypertensionis prevalent in Singapore and isamajor risk factor for cardiovascular morbidity and mortality and
increased health care costs. Strategiesto lower blood pressure include lifestyle modifications and home blood pressure monitoring.
Nonetheless, adherence to home blood pressure monitoring remainslow. This protocol details an algorithm for remote management
of primary care patients with hypertension.

Objective: The objective of this study was to determine whether wireless home blood pressure monitoring with or without
financial incentivesis more effective at reducing systolic blood pressure than nonwirel ess home blood pressure monitoring (usual
care).

Methods: This study was designed as arandomized controlled open-label superiority study. A sample size of 224 was required
to detect differences of 10 mmHg in average systolic blood pressure. Participants were to be randomized, in the ratio of 2:3:3,
into 1 of 3 parallel study arms:(1) usual care, (2) wireless home blood pressure monitoring, and (3) wireless home blood pressure
monitoring with financial incentives. The primary outcome was the mean change in systolic blood pressure at month 6. The
secondary outcomes were the mean reduction in diastolic blood pressure, cost of financial incentives, timetaken for the intervention,
adherence to home blood pressure monitoring, effectiveness of the framing of financial incentives in decreasing nonadherence
to blood pressure self-monitoring and the adherence to antihypertensive medication at month 6.

Results. This study was approved by SingHealth Centralised Institutional Review Board and registered. Between January 24,
2018 and July 10, 2018, 42 participants (18.75% of the required sample size) were enrolled, and 33 participants completed the
month 6 assessment by January 31, 2019.

Conclusions: Due to unforeseen events, the study was stopped prematurely; therefore, no results are available. Depending on
the blood pressure information received from the patients, the algorithm can trigger immediate blood pressure advice (eg, Accident
and Emergency department visit advice for extremely high blood pressure), weekly feedback on blood pressure monitoring,
medication titration, or skipping of routine follow-ups. The inclusion of financial incentives framed as health capital provides a
novel idea on how to promote adherence to remote monitoring, and ultimately, improve chronic disease management.
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Introduction

Hypertension is prevalent in Singapore, affecting 23.5% of
adults between 18 to 69 yearsof age[1]. Itisamajor risk factor
for cardiovascular morbidity and mortality [2,3] and is
associated with significant health care cost [4,5]. The goal of
hypertension management isto lower blood pressureto healthy
ranges through lifestyle modifications such as restricting salt
and alcohol intake, eating ahealthy diet, losing weight, engaging
in regular exercise, quitting smoking, and taking
antihypertensive medication(s) [6].

For patients whose blood pressure remains high, doctors
routinely recommend home blood pressure monitoring for better
blood pressure control. Home blood pressure monitoring allows
the doctor to monitor response to treatment, detect white-coat
hypertension, and predict cardiovascular risk [7,8]. Nonethel ess,
adherence to home blood pressure monitoring and medication(s)
remainslow [9]. Even when patients adhere to home monitoring,
the readings are not reviewed by the doctor until the patient’s
subsequent in-person visit, which may be several weeks later.
To address this, telemonitoring [10-14] can be employed as it
allows for health care providers to monitor and intervene [15],
to increase adherence to blood pressure monitoring [16], or
titrate blood pressure medication [17] as needed, potentialy
without reguiring an in-person visit [18]. However, systematic
reviews [19,20] on telemonitoring reveal that it produces only
modest improvements, which suggests that other features are
needed [21-25]. For example, features such as automatic
reminders [26,27], weekly feedback [28], or clinicd
interventions in response to concerning blood pressure trends
(eg, medication titration), and financial incentives can be
considered.

Behavioral economic theory suggests that the high rates of
nonadherence to lifestyle modifications result, at least in part,
from patients not perceiving aclear cause and effect relationship
between greater adherence and reduced likelihood of adverse
health consegquences (eg, cardiovascular disease and premature
death) [29,30]. The financial cost, such as the cost of
medication(s), and nonfinancial costs, such as eating healthy,
exercising, medication adherence, and blood pressure monitoring
efforts, occur today, whereas the benefits, such as reduced risk
for major cardiovascular events, often appear distant and
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uncertain. As a result, and because many individuals with
hypertension feel perfectly healthy, they do not internalize the
costs of nonadherence until it is too late. This theory suggests
that astrategy to improve adherenceisby providing ashort-term
financial incentive—an immediate benefit to offset the costs
associated with the behavior change. Similar economic
incentives have been wused successfully in severa
adherence-enhancing interventions [31-34].

Therefore, this study aimed to leverage the potential of wireless
and mobile technology and introduce financial incentives to
improve the effectiveness of home blood pressure monitoring.
The primary objective of this study was to determine whether
wireless home blood pressure monitoring, with or without
financial incentives, ismore effective at reducing systolic blood
pressure than nonwirel ess home blood pressure monitoring that
relies on patient self-report (usual care). The secondary
objectives were to improve adherence to blood pressure
monitoring and antihypertensive medication(s).

Methods

Trial Design

The study was designed as arandomized controlled open-label
superiority study with 3 parallel arms. Patientswith hypertension
who were on antihypertensive medication were randomized to
(1) usual care, (2) wireless home blood pressure monitoring
only, and (3) wireless home blood pressure monitoring with
financial incentives arms, in aratio of 2:3:3. Participants were
randomly stratified based on whether they had diabetes mellitus
(diabetes) and by clinic. The study intervention was to last 6
months. This protocol conforms to CONSORT (Consolidated
Standards of Reporting Trials [35]) guidelines; the checklist
can be found in Multimedia Appendix 1.

Study Setting and Eligibility Criteria

Patients were recruited from Bedok and Marine Parade
Polyclinics (SingHealth Polyclinics) in Singapore. Bedok and
Marine Parade Polyclinics provide primary health care services
to the eastern and southern region of Singapore. Hypertension
management is one of the key services provided. Participant
eligibility was based on the inclusion and exclusion criteria
(Textbox 1).
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Textbox 1. Inclusion and exclusion criteria.

Bilger et a

Inclusion criteria
Participants had to fulfil all of the following:
«  Diagnosed hypertension and on at |east 1 antihypertensive medication

o Agefrom21to 70 years of age
«  Singapore citizens or permanent residents

« Ableto conversein English

Exclusion criteria

Patients with any of the following were not enrolled:

«  Clinicaly unstable heart failure

«  Confirmed glomerulonephritis

o Known liver disease (eg, liver cirrhosis)

« Atrid fibrillation

o Onwarfarin or anticoagulants (eg, novel oral anticoagulants)
«  Underwent double mastectomy

o  Pregnant

«  Known alergy to epoxy resin

take their blood pressure independently

«  Systolic blood pressure =140 mmHg or diastolic blood pressure =90 mmHg for patients without diabetes (systolic blood pressure =140 mmHg
or diastolic blood pressure 285 mmHg for patients with diabetes), which was verified by the average of the last 2 of 3 blood pressure readings
taken on the day of the screening visit at 3-minute intervals [36] (model: HEM-7130, Omron)

«  Hasacompatible smartphone (iOS: versions 8.0 and higher, Android: versions 5.0 and higher) with data plan or regular Wi-Fi access
«  Ability to perform self-monitoring of blood pressure as assessed by the clinical research coordinator
«  Expecting to be apatient of Bedok or Marine Parade Polyclinics for the duration of the trial

«  Systolic blood pressure 2180 mmHg or diastolic blood pressure =110 mmHg which was verified by the average of the last 2 of 3 blood pressure
readings taken on the day of the screening visit at 3-minute intervals (model: HEM-7130, Omron)

«  Started on angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers within the last 3 months

«  Advanced kidney disease (estimated glomerular filtration rate <30 mL/minute CKD-EPI Crestinine formula[37]

« Acutekidney injury (ie, increase in serum creatinine 250% from baseline within the past week

«  Severeor overt macro abuminuria (urine albumin-to-creatinine ratio >30 mg/mmol or protein-to-creatinine ratio >0.5)

« Newly referred to specidist outpatient clinics or upon follow-up for complications related to hypertension
«  Discharged from hospital within the last 3 months for complications related to hypertension

«  Any other mgjor debilitating disease or mental illness that precludes validity of informed consent or would result in the patient being unable to

«  Living in ahousehold where another member has been recruited into the trial

Participant Recruitment, Timeline, and Study Arms

Overview

Participants were recruited via posters and referrals at Bedok
and Marine Parade Polyclinics. A screening visit was arranged
during which the study’s purpose was expl ained and the screener
administered. For eligible patients, the clinical research
coordinator went through the participant information sheet, and
if the patient agreed to participate, obtained informed consent
(Multimedia Appendix 2).

Blood pressure was assessed at baseline and at month 6.
Participants wore an ambul atory blood pressure monitor (model
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7100, Welch Allyn) for 12 hourswhile awake (eg, 9 AM-9 PM).
A period of 12 hoursinstead of 24 hours was chosen to reduce
participant burden [38]. A diary was also given to participants
to record antihypertensive medication adherence and physical
activity (Multimedia Appendix 3, Figure S1). Participantswere
also issued a home blood pressure monitor and advised to
monitor their blood pressure 3 times per week during the study.
Medication Tracker (eCAP) was also issued, and participants
were advised to store their most frequently prescribed
antihypertensive medication init. A demonstration of the study
deviceswasgiven. The baseline questionnaire was administered
(in paper format) at Bedok and Marine Parade Polyclinics, and
the participant’s responsibilities and adherence goal s explained.
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The study intervention began on the Monday following thevalid
baseline ambulatory blood pressure monitoring test (defined as
having at least 70% of successful readings [39]). Participants
also completed questionnaires at the 6-month assessment.
Multimedia Appendix 4 contains the study timeline.

Arm 1: Usual Care

SingHealth Polyclinics have a structured framework for
hypertension management. Patients who are newly diagnosed
with hypertension would be prescribed antihypertensive
medication if deemed necessary by the doctor. All patients are
subsequently referred to a nurse who would provide further
information on hypertension and come up with a lifestyle
modification plan with the patient. Patients are then followed
up by the doctorsand nurses at 3- to 4-month intervals (or more),
based on their blood pressure trend. Further education is given
at these visits as needed. Patients with good blood pressure
control can teleconsult with a trained nurse, alternating with
in-person doctor's consultation at up to 6-month intervalsif they
monitor their blood pressure at home. There are in-house
pharmacists who assist patients in understanding their
medication doses and regimens. Regular blood tests (ie,
electrolytes, renal function, lipids, and glucose) are also carried
out annually to monitor the patient’s response to treatment and
to detect any disease progression and complications. Patients
with evidence of disease progression and complications would
be closely monitored and referred to the appropriate specialists
if required.

Participants in the usual care arm were advised to use their
existing blood pressure monitor. Participants who did not have
a home blood pressure monitor were given a blood pressure
monitor (HEM 7130, Omron). In order to properly identify the
effect of contingent financial incentives, all participantsreceived
a participant leaflet (Textbox 2).

Textbox 2. Participant leaflet.

Bilger et a

The clinical research coordinator also provided advice on
self-management and education on how to interpret blood
pressure readings according to a standard self-monitoring
guideline (Multimedia Appendix 5). The self-monitoring
instructions were adapted from the guidelines of the Healthy
Singapore website, a website by the Singapore Ministry of
Health which was discontinued in September 2016. Elevated
blood pressure was defined as clinic-measured systolic blood
pressure 140 mmHg or diastolic blood pressure 90 mmHg.
Published home-based monitoring protocols however, state that
for home blood pressure monitoring, systolic blood pressure
>135mmHg or diastolic blood pressure=85 mmHgisindicative
of elevated blood pressure [40,41]. In addition, SingHealth
Polyclinics guidelines recommend home blood pressure
monitoring targets of <135/80 mmHg for patientswith diabetes,
and <135/85 mmHg for those without diabetes. We therefore
worked with the SingHealth Polyclinics Telehealth Team to
fine-tune the blood pressure cut-offs for the various categories
in order to have the same blood pressure cut-offs as the
intervention (Table 1).

Participants in Arm 1 recorded their blood pressure readings
on the SingHealth Polyclinics home blood pressure charting
form (in paper format) as part of usual care. For monitoring
adherence to hypertensive medicines, an eCAP (Information
Mediary Corp) was used. The eCAP device passively recorded
the dates and times the bottle was opened; these data are stored
in the memory via an radiofrequency identification tag. Data
were extracted by scanning the eCAP device on a reader
(CertiScan desktop). Participants were assessed for adherence
within specified time windows (eg, if a participant’s specified
timing is5 AM to 11 AM and 5 PM to 11 PM, areading had
to be logged within both windows for the participant to be
considered adherent for that day).

Aim to achieve blood pressure readings in the normal range
Measure your blood pressure on at least 3 days each week

Recommendations:

1. Itisbest to measure your blood pressure in the morning, before you take your medication, coffee, tea, smoke or exercise. Please sit for at least

5 minutes before measuring your blood pressure.

2. Itisaso recommended that you measure your blood pressure before you sleep at night.

Get active
Eat better. Reduce your salt intake

Take your medication as prescribed by your doctor.
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Table 1. Blood pressure classification.
Diabetes status Very low Low normal Normal Slightly high Very high Extremely high
No diabetes
Systolic blood pressure (mmHg) <90 90-99 100-134 135-159 160-179 >180
Diastolic blood pressure (mmHg) <50 50-59 60-84 85-99 100-109 =110
Diabetes
Systolic blood pressure (mmHg) <90 90-99 100-134 135-159 160-179 =180
Diastolic blood pressure (mmHg) <50 50-59 60-79 80-99 100-109 >110

Arm 2: Wireless Home Blood Pressure Monitoring
System

Participantsin Arm 2 used an asynchronous tel ehealth system
that consisted of a wireless home blood pressure monitor and
app (Figure 1). The study app comprised 3 parts: (1) instant
home blood pressure monitoring advice, (2) weekly home blood
pressure monitoring adherence feedback, and (3) 28-day
continuous home blood pressure monitoring assessment.

The participants monitored their blood pressure using awireless
upper arm blood pressure monitor (iHealth KN-550BT [42]).

The blood pressure monitor transmitted the readings via
Bluetooth and internet to a smartphone app on the participants

smartphones. Participants received training from the clinical

research coordinator on how to use the device and to upload
their blood pressure readings. This smartphone app wasavailable
at no chargeto study participants. Datawere automatically sent
to secure participant accounts, then pushed to a secure study
app. The study app then sent feedback SM S text messages to
the participants and automatically triggered interventions from
the polyclinics depending on the blood pressure readings (Table
2).

Figure 1. Wireless home blood pressure monitoring system. BP: blood pressure; CRC: Clinical Research Coordinator; WiFHy: Wireless Monitoring

and Financia Incentives for Uncontrolled Hypertension.

BP
128 readings
-
84
73 * = Smartphone

application

Bluetooth Internet

iHealth Track (KN-550BT)
wirelessupperarm
BP monitor

https://www.researchprotocol s.org/2021/6/€27496

BP
iHealth readings WiFHy
patient > Study
accounts Application

Advice and feedback SMS5
and calls from the CRCs

JMIR Res Protoc 2021 | vol. 10 | iss. 6 |[e27496 | p.63
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Table 2. Blood pressure—related procedures.
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Part

Description

Part 1: Instant home blood pressure monitoring advice
(Multimedia Appendix 6)

Part 2: Weekly home blood pressure monitoring adher-
ence feedback (Multimedia Appendix 7)

Part 3: 28-day continuous home blood pressure monitor-
ing assessment (Multimedia Appendix 8)

Each blood pressure reading was classified in the order of most abnormal to normal (ie ex-
tremely high, very high, dlightly high, very low, low normal and normal) and displayed on
the study website. Based on the blood pressure classification, the participant received SMS

self-management advice. A colour coded protocol (Red protocol)? was activated for very low
and extremely high blood pressure readings.

Participants received automated prai se, encouragement, or reminder SM S messages on the
Monday of the following week at 8 AM throughout the intervention, with content that were
dependent on their adherence to home blood pressure monitoring the week prior.

The average of blood pressure readings over the past 28 days was cal culated daily based on
readings over the preceding 28 days. It was categorized in the order of most abnormal to

normal and color coded?. The triggering of interventions based on the average blood pressure
inthe past 28 daysisin linewith previous studies that recommend using the average of aseries
of measurements for clinical decisions[43]. The 28-day continuous home blood pressure
monitoring assessment occurred when the system detected a minimum of 8 blood pressure
readings in the past 28 days.

8Col or-coded protocols (Multimedia Appendix 8)—red: for very low and extremely high blood pressure; black: for very low or extremely high average
blood pressure; gray: for low normal average blood pressure; green: for average blood pressure within the normal range just before scheduled clinic
visit (participants were eligible to skip their upcoming clinic visit on approval of adoctor after review of the participant’sclinical history and verification
of the participant’s current well-being by the clinical research coordinator); pink: for slightly high or very high average blood pressure (remote drug
titration for participants on selected drugs); yellow: no readings for the past 28 days (the clinical research coordinator contacted the participant to

determine the reason).

Remote Titration (Arm 2 and 3 Participants Only)

To beclinically more responsive to uncontrolled blood pressure,
remotetitration isintegrated in thisintervention as per the Joint
National Committee 8 [44] recommendation to increase the
dose of an initial drug if goal blood pressure is not reached
within 1 month of treatment. This protocol for drug titration is
based on an unpublished pilot program at Pasir Ris Polyclinic.
Participants were eligible for remote titration if they were
randomized to Arms 2 and 3 and prescribed (1) nifedipine LA
<30 mg/day, (2) amlodipine <7.5 mg/day, (3) atenolol <75 mg
every morning or (4) bisoprolol <7.5 mg every morning at
baseline. For participants who were on more than 1 drug, the
study doctor determined the drug to be titrated based on the
drug selection workflow (Multimedia Appendix 8, Figure $4)
and gave instructions on the dose increase to the participant.
The participant was to increase the dose only if contacted by
theclinical research coordinator to do so during theintervention.
The doctor’ sinstructions were also written in an individualized
leaflet (Remote Titration Action Plan—Patient Information
Leaflet; Multimedia Appendix 8, Figure A8.4.1.2) and given
to the participant for reference. Theclinical research coordinator
also tagged the drug to be titrated and reinforced the doctor’'s
advice. Participants were prescribed the full duration of the
antihypertensive drugs until their next scheduled clinic visit.
The drugs selected for remote titration were calcium channel
blockers and beta blockers as these do not require monitoring
of electrolytes.

On each working day, the clinical research coordinator logged-in
to the study website, monitored the dashboard for flags and
intervened accordingly. The clinical research coordinator
unflagged the flag once the intervention had been carried out.

Study participants had doctor consultations at month 3 and at
month 6 during theintervention period. For Arm 1 participants,
the clinical research coordinator met with them prior to their
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doctor consultation and made a copy of their blood pressure
readings for record. For Arm 2 and 3 participants, the clinical
research coordinator passed them the blood pressure readings
captured by the wireless monitoring system on the day of the
doctor consultation for review by the doctor; except in cases
where the visit was skipped due to good blood pressure control
(green protocaol).

Arm 3: Wireless Home Blood Pressure Monitoring
System With Incentives

Participants in this arm received an intervention identical to
those in Arm 2, with the addition of financial incentives for
blood pressure monitoring. This arm was subdivided into 2
arms; participants were dligible to receive the same incentive
amounts but framed differently. In the instant reward subarm,
participants received SGD $3 (an exchange rate of
approximately SGD $1 to US $0.75 was applicable at the time
of publication) for each day they measured their blood pressure,
up to 3 times per week (SGD $9 if they measured their blood
pressure on at least 3 different days, SGD $6 if they measured
their blood pressure on at least 2 different days, SGD $3 if they
measured their blood pressure on at least 1 day, or no financial
incentive if they did not measure their blood pressure). In the
health capital subarm, participants received an initia health
capital of SGD $72. Participants' health capital increased by
SGD $6 on each week they measured their blood pressure on
at least 3 different days. Participants' health capital decreased
weekly by 10% per missing blood pressure reading. Health
capital decreased by 10% if the participant measured their blood
pressure on 2 different days, by 20% if the participant measures
their blood pressure only on 1 day, and by 30%if the participant
did not measure their blood pressure. Therefore, at the end of
the 24-week intervention, Arm 3 participants could receive
incentives up to SGD $216 for blood pressure monitoring.
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Noncontingent study payments (Multimedia Appendix 9) to
Arm 1 and 2 participants and incentive payments to Arm 3
participants (Multimedia Appendix 7, Table A7.4) in the form
of supermarket voucherswere disbursed by the clinical research
coordinator at the month 6 assessment.

Participant Withdrawal

During the study intervention, the clinical research coordinator
reviewed the participants’ medical records and contacted the
participants via phone to determine if there were any serious
adverse events, changesin medical condition, hospitalizations,
or referrals to specialist outpatient clinics that may require a
withdrawal from the study. The study doctor reviewed the
participant’s medical records and determined when there was
aneed to do so. Participants who were newly diagnosed with a
hypertension related condition or complication or met the
following exclusion criteria: clinically unstable heart failure,
acute kidney injury, glomerulonephritis, liver disease, atrial
fibrillation, prescribed warfarin or anti-coagulants, double
mastectomy, pregnant, epoxy-resin allergy, referred to specialist
outpatient clinic, or hospitalized for complications were
withdrawn. Those who had a progression of an existing
condition (eg, impaired kidney function) could remain in the
study. For study participants who were withdrawn by the study
team, a payment of SGD $80 in compensation for forgoing
potential paymentsthat the participant might have received had
they remained in the study was given. Participants were free to
withdraw their consent and discontinue their participation at
any time during the intervention, without prejudice or effect on
their medical care; however, al data collected until the time of
the participants withdrawal were kept to alow for a
comprehensive evaluation.

Outcome M easures

The outcome measures and schedul e of collection can be found
in Multimedia Appendix 10.

Primary Outcome

The primary outcome was the mean reduction in systolic blood
pressure in 6 months. This was to be obtained from the
participants’ month 6 ambulatory blood pressure monitor resuilts.
systolic blood pressure is associated with increased risk of
cardiovascular disease [45-47].

Secondary Outcomes

Secondary outcomes were mean reduction in diastolic blood
pressure in 6 months, obtained from the participants’ month 6
ambulatory blood pressure monitor results; mean cost of
financial incentives at month 6, calculated as the total financial
incentives earned by Arm 3 participants at the end of the
intervention and to be used as part of the cost-effectiveness
analysis; mean time taken for the intervention at month 6,
calculated as the total number of minutes spent by the clinical
research coordinator intervening for the colored flags, adherence
calculation, and payment of financial incentives for all study
arm participants during the month 6 assessment and to be used
as part of the cost-effectiveness analysis;, mean adherence to
home blood pressure monitoring at month 6; effectiveness of
the framing of financial incentives in decreasing nonadherence
to blood pressure self-monitoring; and mean adherence to
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antihypertensive medication (prescribed to be taken most
frequently) at month 6.

Diastolic blood pressure may have some associationswith future
systolic hypertension and with increased risk of cardiovascular
disease [47-51].

Exploratory Outcomes

Exploratory outcomes were the proportion of participants who
have target blood pressure (defined as less than 130 mmHg/80
mmHg) at month 6; mean change from baseline in European
Quiality of Life-5 Dimensions-5 Levels [52] score at month 6;
mean change from baseline in Brief Illness Perception
Questionnaire [53] score, which assesses perceptions of
hypertension, at month 6; mean change from baseline in the
Global Physical Activity Questionnaire at month 6; mean change
from baseline in the Dietary Practices Questionnaires [54] at
month 6; mean change from baseline in Healthcare Services
Expenditure at month 6; and the Treatment Satisfaction on home
blood pressure monitoring, which is a modified version of the
Treatment Satisfaction Questionnaire for Medication [55], at
month 6.

Sample Size

A key parameter is the systolic blood pressure. To assess this,
we computed the sample size to be able to detect differences of
10 mmHg in average systolic blood pressure between study
arms at the 5% level with 80% power. To compute the overall
sample size, we computed the size of the intervention groups
that is required for testing for difference between intervention
groups (study arms 2 and 3). After applying a Bonferroni
correction (by dividing the test’s significance level by 2, which
is the number of comparisons that we test in our study for the
primary outcome), we found that 68 patients per intervention
group is necessary to detect mean differencesin systolic blood
pressure of 10 mmHg (with 2.5% significance level and 80%
power). Given the resulting cumulated sample size for the 2
intervention arms of 136, we then computed the size required
for the control group to test the overall effect of the wireless
home blood pressure monitoring (with and without financial
incentives) with the same effect size, significance level, and
power. This computation yielded a size of 45 for the control
group. After accounting for 25% attrition in each arm, the
resulting sample sizes were 56 for the control group and 84 for
each intervention group, resulting in atotal of 224 patients. We
assumed throughout that the standard deviation of systolic blood
pressureis 19 (whichisdightly greater than the maximum value
reported by a similar size 6-month study of patients with
uncontrolled hypertension [56]).

Randomization

Participants were alocated to 1 of 3 study arms by random
assignment. Prior to recruitment, randomization numbers was
generated by the principal investigator using Stata software
(StataCorp LLC) to create an assignment schedule for
block-randomization to allocate eligible participants into 1 of
the 3 study arms in aratio of 2:3:3. Randomized stratification
was based on whether the patient had diabetes and study site.
The block size was hot communicated to SingHealth Polyclinics
to minimize the predictability of the random sequence.
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Furthermore, in order to test a secondary hypothesis (H5), the
patients in the home blood pressure monitoring with financial
incentives arm were further randomly divided into 2 equal-size
groups, 1 per incentive type. The project coordinator and
principal investigator then stored the assignment schedule on a
secure server at Duke-NUS Medical School. For allocation
concea ment, the project coordinator and a Duke-NUS Medical
School staff external to the study team encl osed the assignments
in sequentially numbered, opague, sealed randomization
envelopes. These were handed over to the clinical research
coordinator for participant enrollment and assignment.

Allocation Blinding

Theclinical research coordinatorswere not blinded to the group
allocation during the study intervention as there was a need for
the clinical research coordinatorsto know the participants arms
to assign study devices to the participants and carry out the
intervention accordingly and disburse payoutsfor the incentive
arm participants (Arm 3). The site investigators were also not
blinded as they had to explain the remote titration action plan
and advise on intervention for the colored protocols (Arm 2 and
3).

Data Management and Monitoring

To maintain confidentiality, al enrolled participantswereissued
a unique 1D based on their randomization number and were
referred to via their unique ID thereon. Identifiable data were
kept at locked cabinets at Bedok and Marine Parade Polyclinics
and only accessible by the SingHealth Polyclinics team. Only
deidentified research data were passed to Duke-NUS Medical
School, and all data transfers were documented. All keyed in
deidentified research data were encrypted, password-protected
and stored on asecure server. Blood pressure readings and home
blood pressure monitoring adherence data from the mobile app
were transmitted automatically to the app via the application
programming interface daily. The app did not contain any
identifying information, was password protected, and only
authorized members of the Duke-NUS Medical School team
had access to the website via 2-factor authentication.
Investigators have access to the research data collected. All
hardcopy research data collected are archived for the next 10
years in compliance with NUS's research data management
policies. No Data and Safety Monitoring Board was used for
this trial as the study was deemed to be low risk by the
investigators asthisintervention was modelled after an existing
standard of care by the Polyclinics and not involving more than
minimal risk to the participants. Compensation was to be
considered on a case-by-case basis for unexpected injuries due
to nonnegligent causes. Thistrial was subjected to study review
visitsand auditsto ensurethat all investigator-initiated research
is conducted effectively and efficiently.

Ethics

This study was approved by the SingHealth Centralised
Ingtitutional Review Board E (2016/2026). Amendmentsto the
protocol or other study-related documents were approved by
theingtitutional review board.
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Data Analysis

All main analyses were to be based on intent to treat. The mean
differencein the systolic blood pressure at 6 months was to be
assessed in the context of alinear mixed-effects model with a
random effect for subject and fixed effects for baseline mean
(the same in both arms) and change in mean at 6 months for
each treatment arm (one for each arm). The mixed-effectsmodel
allows nonmissing data to be used in analysis without
imputation. For estimates of the treatment arm effects to be
unbiased, data must be missing-at-random. However, it is
possible that the analysis of the pattern of attrition would
indicate that additional covariates needed to be included in the
mixed-effects models. If data are not normally distributed,
appropriate transformations will be attempted before resorting
to using nonparametric statistical analysis methods.

Results

Recruitment at Bedok Polyclinic began on January 24, 2018
and at Marine Parade Polyclinic on June 26, 2018. From January
24, 2018 to July 10, 2018, 42 participants (18.75% of the total
sample size) were enrolled, and 33 participants completed the
6-month assessment by January 31, 2019. A decision was made
to terminate the study prematurely due to unforeseen delays
and resulting funding issues. No analysis was carried out due
tothelack of sample size and therefore no results are avail able.

Discussion

This paper reportsaprotocol for arandomized trial to determine
whether a wireless home blood pressure monitoring system,
with or without financial incentives, is more effective at
reducing blood pressure than anonwirel esshome blood pressure
monitoring that relies on patient self-report or best practices.

While the 6-month study intervention is sufficient to detect
potential blood pressure improvement that is clinically
significant, a longer period would be needed to test for the
long-term effectiveness of the intervention. There is currently
no prior intervention that has the same components as those in
our wireless home blood pressure monitoring system.

Unfortunately, due to unforeseen events the study was stopped
prematurely. Regardless, as this study raises an interesting set
of research questions, this protocol may be of value to other
researchers considering similar effortsfor blood pressure control
or other behavioral targets. Results of such a study would
provide evidence on whether a telemonitoring system with or
without financial incentives can improve hypertension
management, thereby reducing long-term complications and
health care cost. By interacting socioeconomic characteristics
with the intervention effect, this study may aso have provided
evidence on the benefit incidence of interventions involving
financial incentives. The framing of financial incentives as
reward versus health capital, would aso have informed the
design of futureincentive strategiesin hypertension management
and other chronic diseases. The study would aso have added
to telemonitoring knowledge on hypertension self-management
in patients and remote clinical management of hypertension,
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which is increasingly relevant in light of COVID-19 and an increase in the use of telehealth in managing chronic diseases.
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Abstract

Background: Thereisagrowing global need for scalable approachesto training and supervising primary care workers (PCWSs)
to deliver mental health services. Over the past decade, the World Health Organization Mental Health Gap Action Programme
I ntervention Guide (mMhGAP-1G) and associated training and implementati on guidance have been disseminated to more than 100
countries. On the basis of the opportunities provided by mobile technology, an updated electronic Mental Health Gap Action
Programme Intervention Guide (e-mhGAP-1G) is now being developed aong with aclinical dashboard and guidance for the use
of mobile technology in supervision.

Objective:  This study aims to assess the feasibility, acceptability, adoption, and other implementation parameters of the

e-mhGAP-IG for diagnosis and management of depression in 2 1ower-middle-income countries (Nepal and Nigeria) and to conduct
afeasibility cluster randomized controlled trial (CRCT) to evaluatetrial proceduresfor asubsequent fully powered trial comparing
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the clinical effectiveness and cost-effectiveness of the emhGAP-IG and remote supervision with standard mhGAP-1G
implementation.

Methods: A feasibility cRCT will be conducted in Nepal and Nigeriato evaluate the feasibility of the emhGAP-IG for usein
depression diagnosis and treatment. In each country, an estimated 20 primary health clinics (PHCs) in Nepal and 6 PHCs in
Nigeriawill be randomized to have their staff trained in emhGAP-1G or the paper version of mhGAP-1G v2.0. The PHC will be
the unit of clustering. All PCWswithin afacility will receive the sametraining (eemhGAP-IG vs paper mhGAP-1G). Approximately
2-5 PCWs, depending on staffing, will be recruited per clinic (estimated 20 health workers per arm in Nepal and 15 per aamin
Nigeria). The primary outcomes of interest will be the feasibility and acceptability of training, supervision, and care delivery
using the emhGAP-1G. Secondary implementation outcomes include the adoption of the eemhGAP-IG and feasibility of trial
procedures. The secondary intervention outcome—and the primary outcome for a subsequent fully powered trial—will be the
accurate identification of depression by PCWs. Detection rates before and after training will be compared in each arm.

Results: To date, qualitative formative work has been conducted at both sites to prepare for the pilot feasibility cRCT, and the
e-mhGAP-1G and remote supervision guidelines have been devel oped.

Conclusions. Theincorporation of mobile digital technology hasthe potential to improve the scalability of mental health services

in primary care and enhance the quality and accuracy of care.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(6):€24115) doi:10.2196/24115
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Introduction

Background

Mental illnesses are common, affecting 1 in every 3 people
during their lifetime [1]. Globally, mental illnesses are the
leading contributor of years lived with a disability [2]. Despite
the prevalence and impact of mental illness, a large difference
between true and treated prevalence rates of mental disorders,
also known as the mental health treatment gap, exists. It is
estimated that more than 80% of people with severe mental
illness in low- and middle-income countries (LMICs) receive
no treatment [3]. Only 16.5% of people with depression living
in LMICshave accessto minimally adequatetreatment [4]. The
consequences of thistreatment gap include symptom persistence
and deterioration, social exclusion, and long-term disability of
people who could be economically productive and socially
included. Globally, there is growing recognition of the
importance of mental health, as evidenced by itsincorporation
inthe United Nations 2030 Agendafor Sustainable Devel opment
and extension of the World Heath Organization (WHO)
Comprehensive Mental Health Action Plan to 2030 by the World
Health Assembly [5].

The limited number of menta heath speciadists and the
concentration of care in hospital settings in urban rather than
rural areas limit the availability and accessibility of care [6].
Low treatment ratesin LMICs are related to poor demand and
supply-sideforces. High levels of stigmaassociated with mental
illness manifest in low rates of help seeking among those who
would benefit from care [7-10]. The WHO recommends a
task-shifting approach to strengthen the generalist workforce
and improve accessto health care, including mental health care
[11]. However, this method requires the availability of

https://www.researchprotocols.org/2021/6/€24115

evidence-based tools and appropriate training, supervision, and
support.

In recent years, there has been an exponentia rise in global
access to mobile technologies in LMICs. In 2012, there were
287 million unique mobile phone subscribers across sub-Saharan
Africa, covering 32% of the population [12]. Moreover, 6 years
later, that number rose to 465 million, representing 44% of the
population. In Nepal, the number of mobile contracts (27.85
million) surpassesthetotal population (26.49 million) [13]. The
increased application of mobile technology to the health care
arena, known as mobile health (mHealth), aims to provide a
powerful platform to improve the quality of interventionsusing
atask-shifting approach and reduce the treatment gap. mHealth
refers to the use of mobile technology in health interventions
and service provision [14]. In a recent WHO survey, 87% of
the responding countries reported a least one
government-sponsored mHealth program in their country [14].
However, only 14% of countriesreported an eval uation of these
programs, raising concerns about insufficient evidence of
impact.

A systematic review of smartphone use in clinica
decision-making by hedth care professionals identified 7
randomized controlled trials conducted in high-income settings,
which demonstrated improved knowledge, diagnosis, treatment
decisions, and documentation using mHealth technology [15].
Studies on mHealth toolsin LMICs have yielded mixed results
[16]. Qualitative data, however, suggest that the intervention
facilitated task shifting and improved health workers' morale.

In 2010, the WHO launched the Mental Health Gap Action
Programme Intervention Guide (mhGAP-IG) [17], an
evidence-based assessment and management guide for mental,
neurological, and substance use conditions designed for use by
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primary and community health staff in LMICs [18]. The first
edition of the mhGAP-1G (v1.0) has been implemented in over
100 countries. An updated version (v2.0) waslaunched in 2016,
with new sections and updated evidence-based guidance [17],
along with afirst version of asmartphone app availablefor both
Android and iOS devicesin 2017. ThemhGAP-1G v2.0 consists
of 8 modules addressing priority conditions (ie, depression,
psychoses, epilepsy, child and adol escent mental and behavioral
disorders, dementia, disorders due to substance use, self-harm
or suicide, and other significant mental health complaints that
impair daily functioning or lead to help seeking). It providesan
overview of common presentationsfor each condition, followed
by detailed guidance for assessment, management (including
referral to specialist care), and follow-up.

The Emilia (E-mhGAP Intervention Guide in Low- and
Middle-Income Countries: Proof-of-Concept for Impact and
Acceptability) project seeks to readdress the treatment gap by
developing apotentially practical way for primary careworkers
(PCWs) to diagnose and treat people with mental illness
according to evidence-based guidelines.

Aims and Objectives

Emilia aims to test the feasibility of an updated electronic
Mental Health Gap Action Programme Intervention Guide
(eemhGAP-1G) and trial procedures for the future conduct of a
large-scaletrial, which would evaluate differencesin depression
detection between facilities using the emhGAP-IG versus the
paper mhGAP-IG. The objectives of this feasibility study, in
preparation for afuture trial, include the following:

1. To evaluate the feasibility and overall implementability of
primary care mental health servicesusing the emhGAP-I1G
for training, supervision, and delivery of care (primary
objective).

2. Todetermine recruitment and retention rates of PCWsand
patients.

3. To establish the acceptability and feasibility of assessing
PCW and patient outcomes.

4. To assess ethics and safety procedures using adverse event

reporting.
5. To describe depression detection rates in primary health
clinics (PHCs).

6. To describe depression treatment outcomesin PHCs.

Methods

Settings

The study will take place within the administrative districts of
Nepal (Jhapaadministrative district) and Nigeria (Ibadan North,
Ibadan North West, Ona Ara, and Akinyele local government
areas). In each country, aminimum of 6 PHCswill berecruited
for the study to represent arange of urban and rural settings.

Nepal is classified as alower-middle-income country, with an
estimated population of 28.1 million [19]. In a recent survey,
16.8% of individuas attending primary care facilities met the
criteria for depression [20]. However, only 8.1% had sought
carefor their mental health [21]. Primary carefacilitiesinclude
PHCs, health posts, urban health centers, community health
units, and primary health care outreach clinics. In thesefacilities,
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services are delivered by medical officers, health assistants,
staff nurses, auxiliary health workers, and auxiliary nurse
midwives. However, medical officers and staff nurses are only
available in PHCs [22]. The availability of mental health care
in the country is limited to services largely provided through
hospitals located in the larger cities [22]. The Jhapa
administrative district hasatotal population of 812,650 people.
Medical careis provided through 1 zonal hospital, 6 PHCs, 44
health posts, and 6 urban heath centers [23]. Specialist
outpatient mental health services are located in 2 private
hospitals within the district. The mhGAP-IG was adopted by
the government of Nepal and implemented in several districts
after the major earthquake in 2015. The government has
allocated a budget for district-level mental health care services
to include the addition of 6 psychotropic drugsto those already
freely available within health facilities and the strengthening
of community mental health care services[24].

Nigeria is classified as a lower-middle-income country. It is
hometothelargest national populationin Africa(195.9 million
as of 2018) [25]. Recent research in the country estimated a
5.5% prevalence of depression [26]. However, similar to other
LMICs, 85% of individualsliving with amental disorder receive
no treatment [27]. Ibadan metropolis has 11 local government
areas and a population of approximately 3.5 million people.
The mental health servicesin Ibadan are primarily provided by
2 large general hospitals. There are 186 PHCs, each serving a
population of approximately 10,000 people. The study will be
conducted in 2 urban and 2 rural local government areas. PHCs
in Nigeria are staffed by nonphysician health workers (nurses,
community health officers, and community health extension
workers) who provide treatment for common disorders
(including depression) presenting in primary care. The country
adopted the mhGAP-IG as a national program for expanding
mental health services in 2013, and PHCs are among those
where providers have received training in the use of the
MhGAP-IG. In Ibadan, PCWSs are provided with unstructured
supervision by asupervisory general practitioner who typically
oversees a group of 6-8 PHCs within alocal government area.

The use of digital technology in both Nepal and Nigeria has
seen exponentia growth in recent years, with the trend expected
to continue. In Nepal, mobile penetration was 133% in 2018,
whichisgreater than 100% because most Nepalis have multiple
mobile phone provider contracts[28]. In the same year, mobile
penetration was estimated to be 49% in Nigeria, with aprojected
increase to 55% by 2025 [29]. A total of 36% of mobile phone
connectionsin Nigeriaare linked to a smartphone.

Technology

A 2015 WHO consultation on the 5-year impact of the
mhGAP-IG v1.0 highlighted the demand for an e-version.
Respondents identified increased utility and coverage of an
electronic guide as reasons for its development. An e-version
also creates new opportunities for quality improvement (eg, in
remote supervision). A year later, a privately developed
e-version of the mhGAP-IG for use in Afghanistan was used
for 3000 screenings and 600 referrals [30]. Community health
workers reported good acceptability of the mobile app. An
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e-version of the mhGAP-1G v2.0 was launched by the WHO in
October 2017 for Apple and Android smartphones and tabl ets.

The Emilia project comprises 3 phases: (1) development of an
adapted eemhGAP-IG, (2) feasibility testing, and (3) knowledge
transfer and future work. In phase 1, an updated version of the
WHO's electronic intervention guide was developed using a
human-centered design approach. Human-centered designisan
approach that actively engages stakeholders in the design
process using cutting-edge methodsto ensure that interventions
are optimized for both front-line use and local and national
implementation [31]. The approach includes qualitative research
with key stakeholders to identify motivations, an iterative
process of intervention development and prototyping, and
intervention evaluation. The updating of the eemhGAP-IG
included individual and group interviews with PCWsin Nepal
and Nigeria to understand the accessibility of technology by
health workers, their use patterns, and their preferences for the
design of the emhGAP-IG. The findings showed that most
health workers had access to a personal smartphone, were
familiar with the use of various smartphone apps, and valued
the idea of an e-version of the mhGAP-1G. Requested features
included decision support functions, ability to be usedin offline
mode, and an easy-to-use design that limited text entry. The
formative work also highlighted the importance of recording
patient information for review and use in supervision through
a clinical dashboard. The resulting updated app features a
reference mode for training and exploration and a patient mode
for completing an assessment or management visit with an
individual. Health workers can access a brief description of
possible conditions through the Master Chart (a feature of
MhGAP-IG 2.0) and then select modulesfor further assessment
(Multimedia Appendix 1). The mhGAP-IG agorithms are
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presented in a single-page series of yes or no questions with a
proceed button, indicating when the end of an algorithm has
been reached. Health workers are then presented with an
assessment summary, including any additional information to
consider, such as whether the individual belongs to a special
population that may affect treatment decisions. Within the app,
health workers can complete additional information for a
patient’s record, including measures of severity, functioning,
and information for follow-up visits. All information is
accessible in a clinical dashboard that summarizes key
information for each visit as well as aggregate information to
help supervisors identify any issues that can be addressed in
supervision (eg, overmedication or inaccurate diagnosis). The
process of intervention delivery and supervisionisdescribed in
Multimedia Appendix 2. The eemhGAP-1G will be availablein
both English and Nepali. Prototypes of the app have been tested
with health workers in Nepal (5 iterations) and Nigeria (4
iterations) who found the app to have an intuitive design that
is appropriate and feasible for usein clinical work.

Study Design

A feasibility cluster randomized controlled trial (cRCT) will be
conducted to evaluate and compare the implementation
outcomes [32] and clinical outcomes of the adapted
emhGAP-1G v2.0 and the paper version of the mhGAP-I1G
v2.0. A total of 10 PHCsin each country (Nepal and Nigeria)
will be randomized to training, supervision, and care delivery
using the paper mhGAP-IG (control arm) or the eemhGAP-IG
(experimental arm), and outcomes of PCWSs and patients will
be collected over a 9-month period (Figure 1). Data collected
through the feasibility study will be used to further refine the
intervention (eg, acceptability and feasibility for randomization
and recruitment) and power a subsegquent cRCT.
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Figure 1. Feasibility study patient and provider data collection procedure. mhGAP: Mental Health Gap Action Programme; Py: patient pre training
assessment; Py: patient baseline health care appointment assessment; P,: patient 3 months post baseline health care appointment; PCW: primary care
worker; PCW: primary care worker baseline assessment; PCW: primary care worker immediate post training assessment; PCW5: primary care worker
3 months post training assessment; PCW3: primary care worker 8 months post training assessment; Sy: Supervisor baseline assessment; S;: Supervisor

8 months post training assessment.
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Participants

An estimated 20 PHCsin Nepal and 6 PHCsin Nigeriawill be
identified by local partners. Clinic managers and PCWswill be
approached by local research staff with invitationsto participate
in the study. On the basis of the staffing of PHCs, we estimate
that 2-5 PCWsper PHC will participate, equivalent to 40 PCWs
in Nepal and 30 PCWSsin Nigeria, approximately 15-20 health
workers per arm per country (Figure 2).

PCWs will be eligible to participate if they are employed by
the PHC or government and have roles and responsibilities
related to the use of the mhGAP-I1G (eg, direct clinical use or
supervision). All relevant PCWSs, regardless of individual study
participation, will receive training in the mhGAP-IG v2.0
(electronic or paper version) and have ongoing remote support
and supervision by health care providers with enhanced mental
health knowledge.

Patients presenting to primary care will be enrolled in the study
to evaluate their perceptions of servicesand to obtain descriptive
information on detection rates and treatment impact to inform
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a subsequent fully powered cRCT. There will be 2 periods of
patient enrollment: pre training, which isbefore PCWsreceive
mMhGAP-IG training, and post training, which is after PCWs
have received mhGAP-IG training. For the 1-month before the
mhGAP-IG training, arandom selection of adults presenting to
primary carewill be screened by research assistantsto determine
depression status, which will be compared with documented
diagnoses by the PCWs. Similarly, beginning at 3 months post
training, a random selection of patients will be screened by
research assistantsfor depression status. This posttraining patient
enrollment will last aminimum of 3 months.

On the basis of prior data on primary care service use and
screening depression rates, we anticipate being able to screen
approximately 50% of adult patients presenting to primary care,
with a possibility of screening a higher percentage depending
on patient flow in the facility [33]. Therefore, we anticipate
screening approximately 200 patients per arm per country per
month (ie, 400 patients per country in the 1-month pretraining
patient enrollment period and 1200 patients per country in the
3-month posttraining patient enrollment period).
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Figure 2. Emilia (E-mhGAP Intervention Guide in Low- and Middle-Income Countries: Proof-of-Concept for Impact and Acceptability) flow chart.
e-mhGAP-IG: electronic Mental Health Gap Action Programme I ntervention Guide; mhGAP-1G: Mental Health Gap Action Programme Intervention

Guide.
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Inclusion criteria for patients to be screened include the
following:

« Attending PHC for treatment of a new case at recruitment
« Reached the age of adulthood (ie, =18 years)
«  Fluentin Nepali (Nepal only) or English or Yoruba (Nigeria

only).

Adult attendees will be deemed indligible for the study if they
are unable to understand or complete study assessment (eg,
individuals with severe learning disability or dementia), unable
to provide informed consent, or have a medica emergency
requiring immediate intervention.

All patientswho meet the éligibility criteriaand chooseto enrall
in the study will then be screened by a research assistant to
determine their depression status. Following this screening,
patients will be evauated by a PCW who will make an
independent diagnosiswithout speaking to the research assistant
or reviewing the screening results. Administration of screening
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tools may occur before or after the patient meets the health
worker based on the workflow of the clinics. After patients meet
the PCWs, a research assistant will review the provider's case
notes to document whether or not a depression diagnosis was
made.

Study Arms

I ntervention Condition

The intervention will consist of (1) availability of the adapted
e-mhGAP-1G for use on a clinic tablet, (2) participation in
remote supervision and the support modul e developed in phase
1 for implementation in Nepal and Nigeria, and (3) training to
all relevant PCWs and supervisors in the use of the adapted
e-mhGAP-1G and clinical dashboard. Health care providers
with enhanced mental health knowledge who have attended the
training of trainersworkshopsfor the eemhGAP-1G and remote
supervision will act as supervisorsfor the purpose of the study.
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These might include, but are not limited to, psychiatrists, mental
health nurses, general physicians, senior PCWs, and counselors.

Control Condition

The control condition will consist of (1) availability of the paper
version of the mhGAP-IG v2.0 adapted for use in Nepa and
Nigeria, (2) participation in remote supervision and the support
module developed in phase 1 for implementation in Nepal and
Nigeria, and (3) training to al relevant PCWs and supervisors

Table 1. Feasibility study arm components.

Taylor Salisbury et al

in the use of the paper version of the mhGAP-IG v2.0 and
supervision from distance (Table 1). Trained specialists in the
research teamswithin each study sitewill act as supervisorsfor
the purpose of the study. Supervisors are intended to be health
care providers with enhanced mental health knowledge who
have attended the training of trainers workshops for the paper
MhGAP-IG v2.0. These might include, but are not limited to,
psychiatrists, mental health nurses, general physicians, senior
PCWs, and counselors.

Component

Intervention condition  Control condition

emhGAP-IG?v2.0

Paper mhGAP-1GP v2.0°

Remote supervision and support module

Primary care workers' training in use and administration of the relevant mhGAP-1G v2.0

Primary care workers' training in aclinical dashboard

Supervisors' training in relevant mhGAP-IG and remote supervision and support

Supervisors' training in aclinical dashboard

a
O O
O O
0 O
O
0 O
O

%-mhGAP-IG: electronic Mental Health Gap Action Programme Intervention Guide.

bmMhGAP-IG: Mental Heslth Gap Action Programme Intervention Guide.

®The paper mhGAP-1G v2.0 will be used in intervention condition training and will be available for use as a resource throughout the study.

Remote Supervision

In both study arms, remote supervision will comprise aninitial
face-to-face meeting (where possible) and subsequent contact
by voice and text messaging to discuss implementation of the
MhGAP-IG (paper or e-version) and any case queries.
Supervision format (eg, voice calls, video calls, messaging,
group, and individual) will be agreed upon by each supervision
dyad. Supervisors will be provided with training on how to set
up and run supervision remotely using telephone and other
common communication platforms such as WhatsApp groups
before the start of the study. Training will cover issues such as
building rapport, format for running supervision over a
telephone, format for clinically supportive WhatsApp groups,
and ensuring patient confidentiality when using remote
supervision methods. PCWs will receive training on how to
make the most of the remote supervision during the mhGAP-IG
training. PCWs will have access to project mobile phones to
facilitate remote supervision. Both PCW's and supervisors will
be provided with data packages.

Randomization and Allocation Concealment

Clinics will be randomized to the control or intervention
conditions, with equal number of clinicsin either group (1:1).
Randomization will be carried out independently (to ensure
concealment) by the tria statistician viaa computer-generated
random sequence before participants are recruited or the
intervention is initiated. PCW selection will be performed
according to health staffing levels before randomization of
clinics to a study arm. Blinding or masking of participants,
clinicians, and fieldworkers will not be possible, as it will be
clear which conditions clinics or municipalities are assigned to
during implementation and data coll ection. However, the senior
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and junior trial statisticians who carry out the randomization
will not know the characteristics of the clinicsbeing randomized,
and the primary statistical analysis will also be blinded to
allocation status.

Statistical Power and Sample Size Calculation

The study will take placein 1 government administrative region
in Nepal and 4 in Nigeria. We will identify approximately 20
PHCs in Nepal and 6 in Nigeria. In each country, half of the
PHCs will be randomly allocated to either the e-version or the
paper version of themhGAP-1G. Astheclinicsvary in size, we
will assess at least two staff members in each clinic, with an
estimated 2-5 health workers per facility and an overall
enrollment of 40 PCWs in Nepal and 30 PCWs in Nigeria
Regarding patient numbers, on the basis of the sample size for
the study by Sanghaet al [34] on smartphone app for improving
cognition to improve case detection, wewill conduct within-arm
comparison detection ratesif at |east 40 patients screen positive
on the Patient Health Questionnaire (PHQ-9) in the research
assistant interview in the 1-month pretraining period and in the
first month of the posttraining patient enrollment period, which
begins after 3 months of intensive supervision. Thiswill alow
us to detect a within-aam increase in the clinical case
identification rate of 43% for the emhGAP-IG after the
implementation of the e-version with 90% power at the 5%
level of significance, assuming an intraclass correlation
coefficient of 0.02. For example, with a 10% detection rate
pretraining, 2 patientswould receive ahealth worker depression
diagnosis out of 20 patients screening positive. After training,
the detection rate would increase to 53%, which equates to 11
patients diagnosed by a health worker out of 20 patients
screening positive.
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Data Collection

Overview

Inlinewith the current best practice inimplementation research
[32], the research team will evaluate implementation processes
and outcomes (eg, acceptability and feasibility) and factorsthat
influence effectiveness implementation (eg, organizational
readiness to change) across multiple stakeholder groups,
including patients, PCWs, and supervisors, and at different
stages of implementation [32,35]. This offers a 360-degree
implementation evaluation, which considers the needs and
perspectives that typically differ between stakeholder groups
and can vary over time. Data collection procedures are outlined
in Figure 1 and presented in Multimedia Appendix 3.

I mplementation Data

PCWs Data

PCWs will be interviewed by a member of the research team
during a 1-week period at each PHC clinic at 4 time points: (1)
before mhGAP-IG training, (2) immediately post training, (3)
3 months post training, and (4) 8 months post training
(Multimedia Appendix 3). During the research interviews, all
PCWs will complete quantitative assessments, assessing 6
variables related to the implementation of the intervention:

1 Implementation readiness: Health workers resolve and
capability to implement the emhGAP-IG (ie, readinessto
change) will be assessed using the Organizational Readiness
for Implementing Change (ORIC) scale [36]. ORIC is a
12-item, theory-based measure assessing health workers
commitment toward and ability to implement change.

2. Acceptability, appropriateness, and feasihility:
Acceptability, appropriateness, and feasibility of the
mhGAP-1G and remote supervision will be assessed using
the Acceptability of Intervention Measure (AIM),
Intervention Appropriateness Measure (IAM), and
Feasibility of Intervention Measure (FIM), respectively
[37]. These brief, 4-item instruments have been devel oped
by implementation scientists and mental health professionals
and display good psychometric properties. Cultural and
linguistic adaptation and further psychometric evaluation
will be undertaken before the deployment of the measures
in this study. The appropriateness, feasibility, and
acceptability of the mhGAP-1G and remote supervision will
also be assessed through qualitative interviews with health
workers at the last data collection time point (PCW5).

3. Fidelity: Patient records and app use, as recorded
electronically through the eemhGAP-1G v2.0, or patient
records, as recorded on paper in clinics randomized to
providethe paper version mhGAP-1G v2.0 and supervision
notes, will be assessed by members of the research team to
determine fidelity to the training manuals for the paper
MhGAP-IG v2.0 and the adapted eemhGAP-IG v2.0.

4. Adoption: Health workers' intention to adopt mhGAP-I1G
will be assessed by using 2 study-specific questions
regarding provider-intended use within the study and after
the study has ended. I ntention to adopt at the provider level
will also be assessed through qualitative interviews with
health workers.
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5. Integration and sustainability: The potential for long-term
integration of the mMhGAP-IG v2.0 within standard health
serviceswill be assessed using the NOMAD (Normalization
M easure Development) scale[38,39]. NOMAD isa23-item
instrument that staff perceptions of factorsrelevant
to embedding interventionsin health care. NOMAD consists
of 4 theoretical constructs: (1) coherence, (2) collective
action, (3) cognitive participation, and (4) reflexive
monitoring.

6. Operating costs: Thetimetakento betrained and to usethe
paper and electronic tools and for remote supervision will
be estimated from information collected from staff, and
this, combined with information on staff wages, will be
used to derive operating costs for the economic modeling.

During the last data collection time point (PCW;), 15 PCWsin
each country will berandomly selected and invited to participate
in an additional qualitative interview with a member of the
research team to gain further insight into their views on the
implementation of the mhGAP-1G v2.0 and remote supervision.
We will aim to conduct focus group discussions (FGDs) in the
first instance. However, where this is not possible, individual
interviews will be conducted. Individual interviews and FGDs
will be audio recorded and last no longer than 30 and 60
minutes, respectively. The interviews will be transcribed and
anonymized before analysis.

Supervisor Data

MhGAP-IG supervisorswill beinterviewed by amember of the
research team during a 1-week period at 2 time points: (1)
immediately post training and (2) 8 months post training (Figure
1). Interviews will focus on perceived acceptability,
appropriateness, and feasibility of remote supervision using the
quantitative assessments described above (ie, AIM, IAM, and
FIM; Multimedia Appendix 3). All supervisors will be invited
to participate in a qualitative interview 8 months post training
to gain further insight into their experiences of remote
supervision. FGDs will be conducted where possible, with the
remaining selected participants completing individual
interviews. All qualitative interviews will be audio recorded
and last between 30 minutes for individua interviews and 60
minutes for FGDs. The interviews will be transcribed and
anonymized before analysis.

Patient Data

We estimate screening a minimum of 400 patients at each site
during the pretraining enrollment period and 1200 patients in
the posttraining enrollment period (starting 3 months after the
MhGAP-1G training). In the posttraining period, we will include
a subset of patients who have received a health worker
depression diagnosis to follow-up for treatment outcomes
(Multimedia Appendix 3). We will follow up with them at
approximately 3 months after they are screened to measuretheir
treatment outcomes. A subset of patients will also participate
in FGDsto assesstheir perspectives on the acceptability (AIM)
and appropriateness (IAM) of the intervention 3 months after
their baseline health care appointment.
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Outcome Data

PCWsData

PCWs will be interviewed by a member of the research team
during a 1-week period at each PHC clinic at 4 time points: (1)
before mhGAP-IG training, (2) immediately post training, (3)
3 months post training, and (4) 8 months post training
(Multimedia Appendix 3). During the research interviews, all
PCWs will complete quantitative assessments, assessing 5
variables related to the PCW outcomes:

1. mhGAP-IG Knowledge Scale: In the mhGAP-IG training,
knowledgeis assessed by a standardized set of 30 questions
in the multiple-choice question format, the mhGAP-IG
Knowledge Scale. These are administered before and after
training to measure the change in knowledge.

2. Revised-Depression Attitude Questionnaire (R-DAQ):
Previously used in both Nepa and Nigeria, the R-DAQ
[40] assesses clinicians' views and understanding of
depression. The R-DAQ 22-item scale asks clinicians to
rate each item as strongly disagree, disagree, neither
disagree nor agree, agree, or strongly agree. Examples of
items include “depression is a disease like any other (eg,
asthma, diabetes),” “psychological therapy tends to be
unsuccessful with people who are depressed,” and
“becoming depressed is a natural part of being old.”

3. Social Distance Scale (SDS): The SDS was designed by
Bogardus [41] to measure the level of acceptability of
various types of socia relationships between Americans
and members of common ethnic groups [42,43]. The
modified SDS has been widely used to measure mental
health—related stigma and to understand the importance of
labels attached to people with former mental illnesses
[42,44]. The modified version consists of 12 items that
represent social contact with different degrees of distance.
The SDS measures the acceptability of different degrees of
social distance and thus, by inference, the attitude of the
respondent to the person with the condition [45]. The SDS
sum score represents the attitude of the respondent toward
the condition. The SDS has been used in global mental
health research. Among stigmameasures, it has been shown
to be most strongly associated with heath worker
competence [46].

4. The Enhancing Assessment of Common Therapeutic Factors
(ENACT)-clinician version: The ENACT-clinician version
[47] is a measure of therapist competence that has been
devel oped for usein training and supervision across settings
varied by culture and access to mental health resources. A
version adapted for mhGAP-IG trainings focusing on
depression was used, with competenciesrated on a4-point
scale from potentially harmful to done well, with good
reliability (a=.89). Examples of itemsinclude “non-verbal
communication, active listening,” “assessment of
functioning & impact on life]” and “explanation and
promotion of confidentiality,” among others.

5 Perceptions of Supervisory Support Scale (PSS):
Supervision quality will be assessed using the PSS [48].
The PSSisa19-item scale that assesses perceived support.
Subscalesinclude emotional support, support for client goal
achievement, and professional development support. Each
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item is rated using a 5-point Likert scale. Additional
information about supervision quality will be collected
through qualitative interviews with health workers at the
last data collection time point.

Patient Data

In the month before mhGAP-1 G training, the research team will
collect depression diagnosis and treatment initiation data from
patient baseline interviews and clinical notes at participating
clinics (Multimedia Appendix 3). These datawill be used as a
baseline assessment of the accuracy of diagnosis and the
adequacy of treatment initiation. Patients attending PHC 3-8
monthsfollowing PCW mhGAP-IG training will beinterviewed
by a trained member of the research team either immediately
before or after their clinic appointment. Quantitative measures
will be used to assess depression, disability, intervention
acceptability, and therapeutic alliance during individual
interviews with a member of the research team asfollows:

1. Depression: The PHQ-9 [49] is a sdf-administered
diagnostic instrument for depressive disorders. The
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition criteria for depression are scored as 0 (not
at all) to 3 (nearly every day). A PHQ-9 score 210 had a
sensitivity of 94% and 85% and a specificity of 80% and
99% for major depression in Nepal [50] and Nigeria [51],
respectively.

2. Disability: Data on sociodemographic information (sex,
age, education, marital status, and work status) will be
collected through questions A1-A5 of the World Health
Organization Disability Assessment Schedule 2.0
(WHODAS 2.0) [52]. The WHODAS 2.0 is a generic
assessment instrument assessing health and disability across
6 domains (cognition, mobility, self-care, getting along,
life activities, and participation). The research team will
use the 12-item interviewer-administered version. The
WHODAS 2.0 has been adapted and validated for use in
Nepal [53-55] and Nigeria[56].

3. Treatment initiation: Treatment detailswill be extracted by
the research team from patient records to document how
diagnosis matches up with treatment and treatment
modifications during care.

4. Therapeutic aliance: The ENACT-service user version [47]
is a 15-item measure of patient experience of care and
perception of therapeutic engagement. Example items
include clear explanations, names for health problems,
understanding and empathy, and expectationsfor recovery.

5. Suicida ideation and behavior: Suicidal ideation and
behavior will be assessed, in Nepal only, using suicidality
questions adapted from the Composite International
Diagnostic Interview suicidality module [57]. Thistool has
been widely used in Nepal [58]. We will ask participants
whether they had thought of taking their own life in the
past 12 months. Those who will respond affirmatively to
the ideation question will be asked if they had made aplan
totake their own life. In Nepal, those who meet the criteria
for current suicidal thoughts or those who attempted suicide
in the past 3 months will be immediately referred to a
trained psychosocia counselor. In Nigeria, patients
endorsing the suicidal ideation item from the PHQ-9 will
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receive further assessment of suiciderisk in linewith local
protocols.

Confirmation of diagnosis and treatment initiation will be
collected from the clinical notes by PCWs. Patientsinterviewed
in the first 3 months of data collection and who screen positive
for depression will be invited to participate in a follow-up
interview 3 months after their first appointment. The interview
will consist of quantitative assessments of depression (PHQ-9),
disability (WHODAS 2.0), therapeutic aliance (the
ENACT-service user version), and suicide ideation and action
Composite International Diagnogtic Interview. Treatment details
will be extracted by the research team from patient records to
document treatment retention.

Measure Tranglation and Adaptation

All standardized measures, except for the AIM, |AM, FIM,
ORIC, NoMAD, and PSS (Nigeria only), have been trand ated
and culturally adapted in Nepal and Nigeria. Psychometricsfor
translated and validated (when appropriate) measures are
provided in the descriptions above. Within each site, where
measures have not yet been adapted and validated, the
International Test Commission Guidelines for Translating and
Adapting Tests [59] will be followed, including cognitive
interviewing [60,61] and the assessment of content validity.

Analysis

I mplementation Outcome Analysis

Quantitative datawill be assessed using generalized linear mixed
models, depending on the distribution of the outcome
(continuous, binary, and count). Descriptive statistics of the
implementation survey data (FIM, AIM, and IAM) will be
provided. The association between the primary outcome
(changes in the PHQ-9 detection rate) and implementation
survey data will be analyzed using linear mixed models at 3
and 8 months post training. A 2-level hierarchical model will
be used, and al time points will be included as repeated
measuresin the model at baseline and at 3 months post training
and 8 months post training to improve power and account for
clustering of observations at patient and PCW levels. These
models use maximum likelihood estimation and thus allow for
missing outcome data under the missing at random assumption.
Associations between secondary outcomes (eg, knowledge,
attitudes, and competency) and implementation survey datawill
be assessed with a similar methodology for the primary
outcomes, using generalized linear mixed models depending
on the type of outcome (eg, normal, binary, and count). All
analyses will be conducted using STATA V.15.1. (StataCorp).

Qualitative data will be assessed using thematic analyses [62].
Thematic analysis consists of 5 stages: familiarization,
generating codes, constructing themes, revising themes, and
defining themes[63]. Draft codebooksfor each participant group
(eg, PCWs, supervisors, and patients) will be developed on an
initial subset of transcripts by 2 researchers at each site.
Following refinement based on researcher consensus, the final
codebooks will be used to code each transcript independently
by 2 researchers at each site. Subcategorieswill be assessed for
the number of occurrencesacrossall transcripts and themesand
categories relevant to the data identified. The findings will be
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triangulated with quantitative data on implementation and
provider and patient outcomes to assess the feasibility and
impact of the emhGAP-IG.

PCW and Patient Outcome Analysis

The primary outcome will be the accuracy of the depression
diagnosis. Theresearch team will identify a patient as screening
positive based on the PHQ-9 result immediately before or after
the patient sees the PCW. Screening positive will be defined as
scoring =10 on the PHQ-9. The research team will also assess
sensitivity to change, for change in both the PHQ-9 and
WHODAS 2.0 scoresfrom baseline and 3 months after initiation
of treatment. Positive diagnosis will be defined as a clinical
diagnosis of depression documented by the health worker in
the clinical notes. Accurate detection will be defined as
PHQ-9=10 and a health worker depression clinical diagnosis.
We will aso report findings in terms of the sensitivity and
specificity of health worker diagnoses. Sensitivity will be defined
asthe proportion of health worker—diagnosed patients who had
PHQ-9 above the cutoff, out of all patients who scored above
the PHQ-9 cutoff. Specificity will be defined as the proportion
of patients who did not receive a heath worker depression
diagnosis and scored below the PHQ-9 cutoff, out of al patients
scoring below the PHQ-9 cutoff.

Features of the cRCT design will be accommodated in all
analyses, and an intention-to-treat approach will be used. The
principles of analysis will be (1) the PHC-level accuracy
outcome is binomia (ie, number of accurate diagnoses out of
all diagnoses based on patient-level data), and therefore, a
generalized linear mixed model will be used (specifically, a
log-binomial regression to obtain probability ratios); (2)
accuracy is a cumulative measure, and therefore, there are no
repeated measures over time; and (3) missing data can occur at
either the health worker or patient level.

Differences in detection rates will be assessed using patient
outcome data at 3 months after enrollment, only in depression
cases identified in each arm (ie, scoring =10 on the PHQ-9),
and the health worker clinical diagnosis. A 3-level hierarchical
model will be used when all time points will be included as
repeated measuresin the model to improve power and takeinto
account clustering of the observation at patient and PHC levels.
The 3-level linear mixed model will be used to estimate a 95%
Cl for the comparison of clinical diagnosisand PHQ-9 screening
positive rates (as well as a subanaysis with PHQ-9 plus
WHODAS 2.0 criteria) within el ectronic and paper mhGAP-1G
versions. Secondary outcomes (eg, knowledge and attitudes)
will be assessed within each arm with a similar methodology
for the primary outcomes, using generalized linear mixed models
depending on the type of outcome (normal, binary, and count).
Clinical feasibility will also be triangulated using penetration
and costing data.

Health Economic Analysis

We will develop a simulation model to assess the potential
cost-effectiveness of the eemhGAP-IG compared with the
paper-based tool. We are not measuring patient outcomeswithin
the study; hence, costs of services and impacts on patients will
be taken from other sources. The model will take the form of a
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decision treethat maps out key eventsfollowing the use of either
tool and outcomesthat are achieved. A simpleform of the model
will have cases detected or not as key events and whether or
not outcomes improve as a result of detection (the latter
information coming from previous research). The cost of
providing care for people detected will be included as will the
reduction in disability-adjusted life years (DALY's) following
treatment. Some of the data will be obtained from within the
study (costs of using the tools based on staff time and rate of
detection of depression), whereas other data (costs of treatment
and DALYs) will be obtained from the wider literature and
expert opinion. The model will be subject to sensitivity analyses
to address the uncertainty of the model parameters. The model
will enable us to generate a cost per DALY avoided by using
thetool.

Feasibility Criteriafor Progression to Full Trial

The primary objective is to evaluate the feasibility and
acceptability of the intervention, its implementation, and the
trial procedures for the subsequent cRCT. We must establish
indicators on what procedures to carry on to the full trial and
where modifications should be made to study design or content.
The overall feasibility and acceptability will be determined in
the intervention arm by the following criteria at the end of the
study to determine progression to the full trial:

« ldentification of qualitative themes reporting that both
PCWsand clients perceive group primary care mental health
services as being acceptable, feasible, and appropriate

« Retention of at least 67% (27/40) of PCWSs and patients
through end line assessments

« Fewer than 15% (15/98) of missing items on outcome
measures across all assessments or fewer than 15% (eg,
3/22 items on the R-DAQ) for each questionnaire with more
than 10 items) or 50% (eg, 4/9 items on the PHQ-9; for
each measure with 10 items or fewer) of missing items on
anindividual assessment.

«  Presence of adverse events among fewer than 10% (4/40)
of the participants and any serious adverse events.

In domains where criteria are met, we will retain the procedure
for thefull trial. In domains where criteriaare not met, we will
modify the proceduresfor thefull trial, guided by datacollected
during interviews. The presence of any adverse events and/or
serious adverse events will be addressed by the trial team to
identify alternative strategies for the full trial and data safety
monitoring committee. The number of feasibility and
acceptability criteriathat are not met will determine the extent
of intervention and trial design modification. Ethical approval
for this feasibility study was obtained from the following
collaborating institutions:
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« Psychiatry, Nursing, and Midwifery Research Ethics
Committee, King's College London, United Kingdom (May
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«  WHO Ethics Review Committee, WHO, Geneva (May
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Results

The Emilia project was funded in July 2018. Formative
qualitative studies have been conducted in both countries, with
results published from Nepal [64]. Data collection for the pilot
feasibility cRCT began in January 2021 and is protected to be
completed by March 2022. Activities have been delayed in both
countries because of COVID-19.

Discussion

ThemhGAP-IG enables greater accessto evidence-based mental
health care by targeting nonmental health specidists (eg, primary
care doctors, nurses, and community health workers) as
providers. Despite its use in more than 100 countries, a WHO
consultation process identified the paper format to be a
hindranceto its uptake, due to the burden on PCWsto carry the
guide with them during appointments, and limited availability
of mental health specialiststo provide support and supervision.
The Emilia project aimsto address these barriers to scale. The
existing WHO-devel oped el ectronic mhGAP-1G v2.0 has been
adapted and refined for use in Nepal and Nigeria. Through a
feasibility cRCT, itsimpact on detection and treatment initiation
for depression, one of the most common mental conditions, will
be tested along with stakeholders perceptions of its
implementation and suitability for scale. Although we believe
that the availability of the emhGAP-IG will improve the
demand and usability of the mhGAP-1G, the paper version will
still play a vital role in settings where access to electronic
technology and/or theinternet islimited. Theinclusion of anew
remote supervision module for the ongoing support of health
workers, made available in both trial arms, will alow us to
assess its feasibility, appropriateness, and acceptability, in
addition to its potential impact on the success of both the paper
and electronic mhGAP-IG versions.

This feasibility trial will provide initial evidence of the utility
and impact of the emhGAP-1G and remote supervision. The
study takes advantage of the availability and potential of
electronic technology and will advance work to reduce the
mental health treatment gap around the world.

The Emiliaprogram isacollaboration of research colleaguesin 5 countries committed to improving the identification and treatment
of mental health problemsin LMICs. It iscoordinated by the Centrefor Global Mental Health, Institute of Psychiatry, Psychology,
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Abstract

Background: Tuberculosis (TB) is an urgent global health threat and the world's deadliest infectious disease despite being
largely curable. A critical challengeisto ensurethat patients adhere to the full course of treatment to prevent the continued spread
of the disease and development of drug-resistant disease. Mobile health interventions hold promise to provide the required
adherence support to improve TB treatment outcomes.

Objective: Thisstudy aimsto evaluate the effectiveness of the TB treatment support tools (TB-TSTS) intervention on treatment
outcomes (success and default) and to assess patient and provider perceptions of the facilitators and barriers to TB-TSTs
implementation.

Methods: The TB-TSTs study is an open-label, randomized controlled trial with 2 parallel groups in which 400 adult patients
newly diagnosed with TB will be randomly assigned to receive usual care or usua care plus TB-TSTs. Participants will be
recruited on arolling basis from 4 clinical sitesin Argentina. The intervention consists of a smartphone progressive web app, a
treatment supporter (eg, TB nurse, physician, or social worker), and a direct adherence test strip engineered for home use.
Intervention group participantswill report treatment progress and interact with atreatment supporter using the app and metabolite
urine test strip. The primary outcome will be treatment success. Secondary outcomes will include treatment default rates,
self-reported adherence, technology use, and usability. We will assess patients and providers perceptions of barriers to
implementation and synthesize lessons learned. We hypothesize that the TB-TSTs intervention will be more effective because it
allows patients and TB supporters to monitor and address issues in real time and provide tailored support. We will share the
results with stakeholders and policy makers.

Results: Enrollment began in November 2020, with a delayed start due to the COVID-19 pandemic, and complete enrollment
is expected by approximately July 2022. Data collection and follow-up are expected to be completed 6 months after the last
patient is enrolled. Results from the analyses based on the primary end points are expected to be submitted for publication within
ayear of data collection completion.

Conclusions: To our knowledge, this randomized controlled trial will be the first study to evaluate a patient-centered remote

treatment support strategy using a mobile tool and a home-based direct drug metabolite test. The results will provide robust
scientific evidence on the effectiveness, implementation, and adoption of mobile health tools. The findings have broader implications
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not only for TB adherence but also more generally for chronic disease management and will improve our understanding of how

to support patients facing challenging treatment regimens.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(6):€28094) doi:10.2196/28094

Clinical Trials.gov NCT042217809; https://clinicaltrials.gov/ct2/show/NCT042217809.
DERR1-10.2196/28094
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Introduction

Background

Tuberculosis (TB) isamong theleading causes of death globally,
surpassing HIV and malaria, even though most cases are
preventable and curable. In 2019, the World Health Organi zation
(WHO) reported a globa TB incidence of 10 million, with
approximately 1.4 million deaths [1]. To address the global
health emergency that TB represents, the WHO End TB Strategy
has set goals to reduce deaths and incidence rates by 95% and
90%, respectively, by 2035, relative to 2015 [2]. A critical
challenge to meet these targetsisto ensure that patients adhere
to the full course of treatment to prevent the continued spread
of TB and the devel opment of drug-resistant disease. The WHO
and others recognize that current strategies to ensure treatment
success are insufficient to meet the goal of TB elimination in
this century, and new treatment strategies are needed [3-5].
Interest in mobile heath (mHealth) or digita heath
interventions to address these challenges and support patients
throughout their treatment is growing, yet rigorous research is
needed to eval uate these solutionsin diverse settings and varying
models of care [6-8].

Of the mHealth approaches under investigation for TB
adherence monitoring, drug metabolite testing has been
identified as the most promising, ethical, accurate, and least
intrusive and stigmatizing strategy compared with other mobile
solutions (eg, video observation, medication bottles containing
sim card, and ingestible sensors), yet its potentia remainslargely
unexplored [9]. Similarly, mobile apps can provide personalized
treatment supervision, increase patients' self-management, and
improve patient-provider communication by offering advanced
functionalitiesfor patient support and monitoring [ 10]. However,
most apps are consumer facing, whereas hedlth care systems
are provider facing; thus, when digital health tools are not
connected to systems and human support, they are unlikely to
be effective [11]. In systematic reviews of TB-related apps in
the marketplace, most apps either targeted health care workers
(eg, dosing calculations) or provided general TB information;
few of them targeted patients and none supported TB patient
engagement in their own care (eg, self-tracking and side effect
monitoring) [12,13]. Furthermore, none of them were reported
to have been developed and tested for Latinos or Spanish
speakers[12].

This protocol builds on preliminary work to develop and refine
a patient-centered tuberculosis treatment support tools
(TB-TSTs) based on patient and expert feedback through focus
groups, field testing, and pilot testing (K23NR017210, primary

https://www.researchprotocol s.org/2021/6/€28094

investigator: Iribarren) and to test the TB-TSTs (RO1A1147129,
multiple primary investigators: Iribarren, Rubinstein). In our
work with patients undergoing active treatment, we identified
priority components of the mobile app, such as the need for
reliable TB education, medication reminders, interactivity with
a treatment supporter, treatment and side effect tracking, and
social networking [14]. Further modifications were completed
to integrate patient recommendations of, for example,
simplifying reporting steps, improving treatment progress
visualization, and developing atest strip that was easier to use.
Therefined TB-TSTsapp hasthefollowing main functionalities:
(1) TB disease and trestment education, (2) treatment adherence
tracking (both by self-reporting and direct metabolite test strip
images), (3) tracking self-reported potential treatment side
effects, (4) interactive messaging with a treatment supporter,
and (5) anonymous discussion forum to connect patients with
othersin treatment. This trial will be conducted in Argentina
where TB treatment success rates continue to be low, the default
(incomplete treatment) rates are high, patients commonly receive
self-administered treatment, and strong research collaborations
have been established [15]. The findings will be presented and
discussed with key stakeholders and policy makers to support
leaders who may expand and adapt mHealth tools to meet the
needs of their communities. Guided by strong theoretical
frameworks[16,17] and integrating direct adherence monitoring
and personalized feedback and support, this work has the
potential to improve TB treatment outcomes and have a
sustainable public health impact. The findings have broader
implications and will improve our understanding of how to
support patients in challenging treatment regimens for both
communicable and noncommunicable diseases.

Objective

The aims of this study are to (1) evaluate the impact of the
TB-TSTs on treatment outcomes (success and default rates)
compared with usual care and (2) assess patient and provider
perceptions of the facilitators and barriers to implementation
of the TB-TSTs and synthesi ze lessons |earned.

We hypothesize that managing drug-sensitive pulmonary TB
in adults using TB-TSTs intervention will result in improved
treatment outcomes and patient satisfaction with care.

Methods

Trial Design
The TB-TSTstrial isa2-arm, unblinded, pragmatic, randomized

trial in which 400 participants with a confirmed diagnosis of
drug-susceptible pulmonary TB initiating treatment will be
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randomized 1:1 into 2 parallel groups. We will follow up with
patients through their full treatment course (6 months) and
compare the TB-TSTsintervention with usual care. The unit of
randomization will beindividual patients seen at hospitalswhere
they receive TB care by self-administered treatment. The
objective of this study is to evaluate the effectiveness of the
TB-TSTs intervention for improving treatment outcomes for
patients (as measured by increased treatment success and
reduced defaults) and as a tool to support health care
professionals to more easily manage TB cases. A protocol
outlining the methods of this trial was registered at
ClinicalTrials.gov (NCT04221789) [18]. The tria and
interventions are described in accordance with the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Triasof Electronic and Maobile Health Applications and Online
Telehealth) guidelines for reporting mobile randomized
controlled trials [19].

Ethics Approval and Consent to Participate

This study was approved by the Institutional Review Boards of
the Ministry of Heath of the province of Buenos Aires
(ACTA-2019-15552860-GDEBA-CECMSALGP) and the
University of Washington institution review board Committee
in Seattle, United States (STUDY 00007533).

Theoretical Framework for I ntervention Development

The information, motivation, and behavior change model was
used for behavior change content and educational material
development and to guide coding of qualitative focus group
dataduring intervention devel opment [20-22]. Theintervention
is guided by the theory domains through multiple mediators,
including education, cues to action and skill building, and
personal and social motivation elements (eg, behavioral
incentives). For example, education related to strategies to
remember to take medication daily corresponds to self-efficacy
behavior skillsto incorporate behavior into daily life. Education
related to disease transmission and medication side effects
corresponds to adherence information.

Eligibility Criteria

Individuals are €eligible if they are 18 years or older, newly
diagnosed with drug-susceptible TB, have regular access to a
smartphone, and are abl e to operate the phone or have someone
to assist. It is estimated that by the end of 2021, 73% of
Argentina’s population will have smartphones and smartphone
access will continue to increase over the next 5 years [23].
Participantswill be excluded if they are severdly ill (ie, requiring
hospitalization), residein the same househol d with another study
participant, or are confirmed to have drug resistance. Individuals
without access to a smartphone or those who reside in areas
without cellular network coverage will be excluded. Screened
patients who do not meet study eligibility will have specific
screening data (including sex, age, and reason for exclusion)
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entered into the study database to examine reasonsfor exclusion
and feasibility of enrollment criteria.

Case definition—is defined as TB confirmed by positive results
on asputum smear test or diagnosis of pulmonary TB based on
radiological findings and clinical signs and symptoms but with
negative results on sputum smear test. The diagnosis may be
confirmed by other methods, such asnucleic acid amplification
(polymerase chain reaction), or enzyme-linked immunosorbent
assay.

Study Settings

The study will be conducted in the capital and the province of
Buenos Aires, Argentina, where more than 65% of the annual
TB casesin the country are diagnosed and treated. M ost patients
areat respiratory speciaized public hospitalswhere they receive
treatment by self-administration. We selected 4 public hospitals
with varying geographical catchmentsin high TB burden areas
defined by established criteria from Argentina’'s National
Tuberculosis Program (NTP). The study sites together treat
approximately 1400 patients with TB annually. Reports from
the NTP for the last 5 years and our cohort study showed that
more than 60% of patients with TB were managed in public
hospitals and 65% of them received treatment by
self-administration. Of these, 85% were of low socioeconomic
status, 50% were unemployed, 25% were smokers, and 20%
reported alcohol or drug use [24].

Participant Recruitment

Patients will be enrolled on an ongoing basis, and the research
team will invite every eligible patient to participate until the
required sample sizeisachieved. Theresearch team at each site
will present the study to newly diagnosed patients as they are
routed to register and receive treatment. Eligibility will be
assessed by a trained clinical staff member who will then
describethe study to the eligible patient face to face and answer
any study-related questions. Patients interested in participating
in the study will be required to provide informed consent, after
which they will complete a baseline study survey that will
include sociodemographic characteristics, behavioral data,
self-management measures, and a TB knowledge test. A
recruitment log will be maintained to document screened
patients and reasons for declining participation (if willing to
share reason). The primary recruitment strategy isto screen all
patients who are diagnosed at the study sites within the first
week of their treatment. We estimate that a total of 20-25
individuals per month will be enrolled by the research team.
The COVID-19 pandemic has affected care seeking and the
diagnosis of TB [25,26]. We anticipate that participant
enrollment will take approximately 2 years. All participants
will receive the standard TB education, including TB treatment,
potential side effects, and need for treatment adherence. They
will then be randomized into one of the two groups. The
recruitment flow is shown in Figure 1.
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Figure 1. Recruitment flow diagram. TB: tuberculosis.
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Randomization Procedures

We will randomize participants sequentially with aratio of 1:1
alocation to receive either usual care or usua care plus
TB-TSTs. A random allocation sequence will be generated using
a randomization software. We will use randomly permuted
blocks of different sizes between 6 and 10 and stratified by
hospital to ensure that the numbers are balanced by center and
group. Each block will contain equal proportions of the control
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and intervention groups. The randomization sequence will be
uploaded to REDCap (Research Electronic Data Capture) for
treatment allocation concealment by the department of data
management at the Ingtitute for Clinical Effectiveness and
Healthcare Policy. Once a patient signs the consent form, they
will meet with the treatment supporter who will access the
REDCap randomization module to access the assigned
randomization.

JMIR Res Protoc 2021 | vol. 10 | iss. 6 [e28094 | p.91
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Blinding

Owing to the nature of the intervention, blinding to the group
allocation is not possible for participants after assignment to
the study arm. Theresearch staff allocating participantsto study
arms during randomization will be blinded to the sequence to
minimizethelikelihood that research staff will be ableto predict
the next study arm assignment. Clinicians will not be made
aware of the group allocation unlesstheir patient informsthem.
Site coordinators, who will collect the monthly standard NTP
follow-up information (eg, return date to pick up medication
and datafrom thefollow-up visits) and final treatment outcomes
will be blinded to the group allocation of the participants. Study
investigators will be blinded to the allocation and preliminary
analysis before the end of the study. Only the trial statistician
will be unblinded to the analysis.

Interventions

Overview

Regardless of the study arm, participants will receive standard
instructions, NTP educational material, and brochures. TB
treatment is provided free of chargein the public health system.
The standard of care includes routine clinical and laboratory
tests. Treatment of drug-susceptible TB consists of a 6-month
regimen consisting of a 2-month intensive phase of 4 drugs
(rifampicin, isoniazid, pyrazinamide, and ethambutol or
streptomycin) followed by a 4-month continuation phase with

Figure 2. Patient app features.

Iribarren et d

isoniazid and rifampin daily [27]. Where avail able, medications
are provided in a combined pill with 3 or all 4 drugs.

Control

At the study sites, self-administration of treatment isusual care.
In general, patientsreceive a 1- to 2-month supply of medication
and are asked to return monthly for follow-up appointments, or
earlier if they experience problems. Patientsin the control group
will be followed up for routine visits according to the NTP
guidelines. The research otaff will collect data on the
participants’ follow-up visits and procedures.

| ntervention

TB-TSTspatient app version 2.0+ isaprogressive web app that
includes the following functions: (1) TB disease and treatment
education, which isprovided in written and video form and will
be sent weekly as brief messages that correspond to the
treatment phase; (2) treatment progresstracking, which includes
both daily self-reporting and direct metabolite test adherence
with the corresponding calendar and treatment progress
indicator; (3) potential treatment side effects reporting, after
which the treatment supporter will reach out for further
assessment; (4) interactive messaging with a treatment supporter
to ask questions and help resolve issues; (5) medication and
appointment reminder setting; and (6) anonymous discussions
to connect patients with othersin treatment (a request by prior
patients; Figure 2).
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Participants will be asked at random 1 to 2 days per week to
complete a direct drug metabolite home-based urine test and
upload an image of the test in the app. Thetest is a paper-based
colorimetric test that isbased on classic chemistry (the Arkansas
method) that changes the color of the strip to purple when a
drug metabolite of isoniazid (isonicotinic acid hydrazide; INH)
is present in urine [28-30]. INH, one of the main first-line TB
drugs, isconsidered anidedl target and good biomarker for daily
adherence monitoring because its metabolites are detectable in
urine for approximately 24 hours [31]. INH is often combined
with other TB drugsin the same pill. Therefore, testing for INH
metabolites in urine is an indicator that the combined pill was
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ingested within thelast 24 hours. Thetest isquickly dipped (1-2
s) in a collected sample of urine and allowed to run for 15-20
minutes. The daily reportsand test image will sync automatically
to the treatment supporter interface.

At each study site, a member of the TB team (eg, a TB
specialized nurse or socia worker) will serve as the treatment
supporter and log into the secured TB-TSTssystem viaatabl et
or laptop to review daily reports and test results. The treatment
supporter will thus be able to track missed doses and/or reported
side effects and follow up within the app with appropriate
support or advice using actions specified in the study standard
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operating procedures. The treatment supporter will log
contacting participants, determine the results of the test strip,
and monitor the discussion board for group questions or
concerns.

Treatment Supporter

The treatment supporter will be trained on app and provider
portal use, research goals, and protocols by the primary
investigators and collaborating regional TB program team

Figure 3. Intervention overview. TB: tuberculosis.

| our solution

Mobile tools to
empower patients a
and TB teams to -
improve outcomes.

Dashboard for TB teams to easily monitor
cohort and address issues

Procedures

Overview

TB-TSTsgroup participantswill be assisted with gaining access
to the app and will receive verbal and written instructions as
well as a one-on-one demonstration of app features by the site
research team member. They will a so receive verbal and written
instructions on how to complete the paper-based drug metabolite
test and upload an image into the app (instructions also within
the app). Participantsin the intervention group will beinformed
that interaction with the treatment supporter through the app is
provided within a clinic-based system during office hours and
that any emergencies must be directed through standard routes.

Accessto the App

Access is granted by the treatment supporter who enters the
patient’s details to generate a one-time user password that they
can use to set up the participant’s account. This code will be
given directly to a patient or sent via WhatsApp (Facebook,
Inc) along with a link to the web application. The treatment
supporter will guide the participant through each step of the
app’sinstallation, explain the use of the app, and demonstrate
how to perform a complete report. At the first visit to the web
application, they will be prompted to install it on their home
screen for easier access. After installation, the app functions
like any other app on a mobile phone. When a patient first logs
in to the app, they will be prompted to change their password
and complete an onboarding survey where we gather some of
their preferences. Passwords can be updated, and new temporary
passwords are provided if the password is forgotten.

Compensation for Expenses

Patients in the intervention arm will be asked to complete an
exit survey and interview (described in the following section).
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members. The main function of the treatment supporter is to
overseedaily reports and hel p address participant questions and
challenges. Thetreatment supporter facilitatesacommunication
route to mitigate unforeseen events. Overal, the role is
supportive to participants to create a sense of companionship
and trusted guidance to improve commitment to treatment
responsibilities. Figure 3 providesan overview of the TB-TSTs
intervention.
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TB medications
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interactive maobile app
for patients

Wewill pay for 1 GB of data per month to cover data use from
the app.

Study Outcomes

The primary outcome will be treatment success based on WHO
definitions [27]. Treatment outcomes are defined as success
(cure or completion of regimen), default, transferred out,
deceased, or lost to follow-up. Secondary outcomeswill include
self-reported adherence compared with direct adherence test
results (self and direct adherence), technology use measured by
actual use of the app, and technol ogy usability measured by the
Health Information Technology Usability Evaluation Scale[32].

Power and Sample Size

The trial is powered on the primary outcome measure of
treatment success. Argentinas WHO TB country report
indicates that treatment success rates have ranged from 44% to
66% over the past 10 years [33]. These rates include cases that
were lost to follow-up. For those with known outcomes,
Argentina’'s NTP and our previous cohort study estimated that
the treatment success rate among patients under
self-administered treatment was approximately 70%, with a
default rate of 20% [34]. To detect asuccessrate of at |east 85%
in the experimental group with 90% power, the calculated
samplesizeis 360 individuals (180 subjects per arm). Assuming
an attrition rate of 10%, we would require a minimum final
sample size of approximately 400 (200 per group). All
calculations are based on a 2-sided test with a=.05 level.

Statistical M ethods

All analyseswill be based on intention to treat in their respective
intervention categories. Two-tailed tests (both chi-squared and
t tests) will be used for dichotomous or categorical and
continuous variables, respectively, to assess group assignment

JMIR Res Protoc 2021 | vol. 10| iss. 6 [€28094 | p.93
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

differences. One-tailed testswill be used to eval uate the primary
outcomes. Standard descriptive statistics of frequency, central
tendency, and dispersion will be used to describe each sample.
A P value less than .05 will be set to detect a statistically
significant difference for all analyses. We will compare group
baseline characteristics, including age, sex, education, income,
comorbidity, travel time to center, medication regimen

Iribarren et d

adherence, and baseline TB knowledge. The primary end points
will be evaluated using the Chi-sguaretest. Although we do not
expect group differences, logistic regression analysis will be
used to adjust for potential confoundersif necessary. Statistical
analyses will be performed using STATA version 16. Table 1
provides an overview of the variables, hypotheses,
operationalization, data collection, and measurement points.

Table 1. Overview of variables, hypotheses, operationalization, and data collection.

QOutcome or variable Hypothesis Outcome measure  Analysis Measurement point
Screening  Baseline  2months 6 months
(TO) (T1) (T2) (T3)
Primary outcomes
Treatment outcomes Intervention> control; Treatment success  Chi-square test g
intervention<control  (%); other outcomes
(eg, failed, default,
or died)
Acceptability? N/AP MARSS scale (Lik-  Descriptiveor quali- o
ertscale), interviews  teive
Program eval uation® N/A Feasibility, easeof ~ Descriptive or quali- O
use, recommenda-  tative
tion
Secondary outcomes
Drug metabolite tegt®d N/A Self-reported com-  N/A O O
pared with test re-
sults
Default rate Intervention<control ~ Abandon treatment  Chi-square test g
for 2 months or
more
Sputum conversion N/A At2,4,and 6 GEE® o o o
months
Global Health PROMIST  Intervention>control  cpgd gutcome for ~ One-tailed t test ad O
SFvl.1 self-management
Level of engagementad N/A Daily use, message, Descriptive ad a a O
guestion counts
Appointment attendance  Intervention>control  Proportion Chi-square test a a O
Subgroup analyses Chi-square test
Sex Female>male N/A N/A
Age Older>younger N/A N/A
Mobile phoneaccess  Personal >shared N/A N/A
type
Timeto clinic Lessand greater than  N/A N/A
30 minutes

3Data collected from the intervention group only.

BNI/A: not applicable.

°MARS: Mobile App Rating Scale.

dData collected throughout trial.

€GEE: generalized estimating equation.
‘PROMIS: patient-reported outcomes measurement information system.

9CDE: common data element.
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Methodsfor App Data Management

Overview

All data generated in the app will be sent securely over the
network to avirtual machine hosted on site at the University of
Washington. The virtual machine is administered by ateam of
health care information technology experts and requires
authentication as a limited subset of users for administrative
access. End users interact with a web app, which securely
communicateswith an application programming interface hosted
on the server. The application programming interface processes
user input and then storesit in a suitabl e database (PostgreSQL
database or file server).

Data Viewing

To view patient reports, study treatment supporters will log in
to a separate portion of the app, where they have access to the
reports of only the patientsregistered at their site. Access control
is implemented at the server level to ensure that only the
appropriate actors have access to patient data. For example, a
patient cannot access other patients information and a
coordinator can only see the patients they directly supervise.

Data Exporting

If dataneed to be exported from the system, they can be queried
from the database and reshaped to meet the requirements of its
use. Photos can be exported as a zipped folder and do not have
any personaly identifiable information directly attached to
them.

Considerations for this app included interoperability, support
of local and remote health data storage, user-friendly data
visualization, and modular development for extensible future
technologies.

M ethodsfor Postintervention I nterviews or Focus
Groups

Overview

Following the intervention, we will conduct 3 focus groups of
8-10 people randomized to the TB-TSTs group and 2 focus
groups with TB treatment supporters and TB team membersto
assesstheir experience using the TB-TST and its accompanying
case management platform. Individual interviews will be
conducted with those unable to attend focus group sessions. We
will assess patients' and providers' perceptions pertaining to
the facilitators and barriers to implementation of the TB-TSTs
intervention and synthesize lessons learned.

Sample

We will attempt to include participants who abandoned
treatment, those who had difficulties, and those who compl eted
treatment successfully. Conducting 2-3 focus groups has been
found to capture about 80% of themes on a topic using a
semistructured guide [35].

Procedures

The focus groups will be 60-90 minutes in length. Following
completion of the informed consent process, all focus group
sessions will be audio recorded. The focus group guides will
be informed by the Mobile App Rating Scale to assess
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acceptability (perceived usefulness and ease of use) [36]. The
Mobile App Rating Scale has been shownto beahighly reliable
tool for assessing app quality [36-38]. The scale includes 3
sections and amodifiabl e app-specific section. Questionsinclude
identifying challenges and bottlenecks, if theintervention meets
needs, satisfaction with care, confidentiality concerns, and
postintervention perceptions and recommendations. We will
use a sociotechnical perspective that considers the structure
process outcome to understand, for exampl e, issues of workflow
and altered practice and delivery of service and evaluation [39].
From a human-centered design standpoint, we will assess, for
example, accessibility concerns, awkward flows for actions,
confusing features, and user interface issuesto identify the need
for optimization and improvement.

Participants will be compensated the equivalent of US $20 in
Argentinean pesos for their time participating in an interview
or focus group.

Analysis

The focus group transcripts will be transcribed verbatim for
coding [40]. The transcripts will be entered into a qualitative
data management software, such as NVivo, to organize and
facilitate analysis. We will iteratively code using thematic and
descriptive qualitative methods [41,42]. Specifically, we will
use an inductive approach that provides a systematic set of
proceduresfor analyzing and deriving reliable and valid findings
from qualitative data[43]. The following stepswill be used for
analysis: (1) preparation of raw datafiles—clean data; (2) close
reading of text to gain an understanding of the issues discussed
by the participants; (3) creation of categories (codes): identify
and define categories, themes, and subthemes; (4) reconcile
overlapping coding and revise coding scheme; (5) continuing
revision and refinement of coding scheme: within each category,
search for subtopics, including contradictory points of view and
insights and selected appropriate quotesthat convey thethemes,
and (6) apply the fina coding scheme to the full data set and
assess intercoder reliability.

Thetranscriptswill beindependently coded by 2 team members.
The coding team will meet regularly to discuss the categories
of themesand synthesize interpretations acrossthe team. During
the application of thefinal coding scheme, we will assessif we
are applying the coding in the same way and resolve
discrepancies between coders by discussing until a consensus
isachieved. We will code the transcriptsin the native language
and translate exemplar Spanish quotes to English after coding
for the final presentation. The findings will be organized into
main categories of actionable change for further iterative
intervention modification, considerationsfor broader application
(or not), barriers and facilitators, and lessons |learned.

Data Management

Data collection forms will be developed using REDCap, a
secure, web-based app with interactive data capture checks
designed to support data capture for research studies, providing
an intuitive interface, audit trails, and automated export.
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Results

Overview

We will present the primary and secondary findings of this
study. The main findingswill include treatment outcomes based
on the WHO definitions and results of theintervention use, such
as rates of self-reported adherence versus confirmation of
adherence based on thetest strip results, app use, and participant
usability assessments. We will present patients and providers
perceptions pertaining to the facilitators and barriers to
implementation of the TB-TST intervention and synthesis of
the lessons learned.

The study was approved by 2 ingtitutional review boards and
the ethics committees at each of the participating recruitment
sites. Enrollment into the randomized controlled trial began in
November 2020. Enrollment is expected to be completed by
the end of 2022. Follow-up will continue for 6 months after the
final participant is enrolled. Postintervention surveys will be
carried out as soon as possible following the participant’s time
in the study. Focus group sessions will begin after one-third of
the participants have completed treatment. Data collection is
expected to be completed 9 months after the last participant is
enrolled. Results from the analyses based on the primary end
points are expected to be submitted for publication within a
year of data collection completion.

The findings will be presented and discussed with key
stakeholders (patients, TB teams, and regional and national TB
program officers). The study team will present findings to the
health care professionals at recruitment sites that are open to
the community to disseminate findings and encourage feedback
and involvement for widespread dissemination and use and
further tailoring to meet the local needs. We aim to build the
capacity of leaders who may expand and adapt mHealth tools
to meet the needs of their communities.

Trial Status

Initiation of the TB-TST trial was delayed because of the
COVID-19 pandemic and country lockdowns. Recruitment
began in November 2020 at the first of the 4 sites.

Discussion

We will discuss the main primary and secondary findings of
this study.

Rationale

TB remains an urgent global health threat and one of theworld's
deadliest infectious diseases (above HIV). Nonadherence to
treatment is a known cause of poor individua and societal
outcomes, including prolonged infectivity, relapse, increased
morbidity and mortality, and the devel opment of drug resistance
[44-46]. The spread of TB is exacerbated by a myriad of
challenges to patients such as the lengthy treatment course,
social stigma, fear, discrimination, poverty, lack of knowledge
about the disease and its treatment, medication side effects, and
lack of support [45,47,48]. Furthermore, growing rates of drug
resistance threaten to reverse the progress made by TB
eradication efforts to date [15]. It is estimated that by 2050,

https://www.researchprotocol s.org/2021/6/€28094

Iribarren et d

drug-resistant TB alone could kill asmany as 2.5 million people
per year and cost the global economy up to US $16.7 trillion
[49]. Drug-resistant TB is more contagious, costly, and deadly.
In the United States, the estimated cost to treat one case of
multidrug-resistant TB is US $243,000 compared with US
$46,000 for drug-susceptible TB [50]. Health care systems are
burdened by the volume of patients, the HIV epidemic, lack of
resources, and lack of advanced monitoring and tracking
technology [51,52]. Asaresult, prevention of the spread of the
disease and development of resistance isaglobal public health
priority [3]. To achieve this, health care systems must ensure
the completion of treatment.

The incomplete application of effective control measures has
resulted in incidence and death rates associated with TB being
either stagnant or decreasing more slowly than expected [53].
The current recommended target rate for treatment success is
90% for all identified cases[3]. The WHO Americasregion has
the lowest treatment successrate (75%), one of the highest rates
of patients who are lost to follow-up, and a high percentage of
deaths because of TB compared with other WHO regions [54].
In Argentina, treatment success rates have been one of the lowest
in the region, from 44% to 66% since being tracked, and there
have been consistently high rates of treatment default
(abandoning treatment for a minimum of 2 months) of about
30% [33,34]. In addition, it is one of the 5 countries in the
Americas with a high number of estimated multidrug-resistant
TB cases [15]. Therefore, Argentinais one of the countriesin
which the health care system needsto implement more effective
TB treatment adherence strategies.

Currently, there is alack of feasible, acceptable, and effective
strategies to directly monitor treatment adherence and provide
timely support for patients undergoing self-administered
treatment. The current strategies are recognized as insufficient
to meet the goal of TB elimination in this century [3,4]. The
mHealth approaches for TB treatment adherence monitoring
being tested include indirect patient-facilitated or
device-facilitated monitoring (eg, self-reporting, medication
bottles containing sim card, and video observed therapy) [55,56]
and direct monitoring through embedded sensors [57] or drug
metabolite testing [28,58]. Concerns regarding the privacy,
accuracy, and costs of these interventions have been raised [9].
For example, although direct video monitoring may avoid issues
of stigmatization, patients can feign ingestion. Drug metabolite
testing is potentially superior to video observed therapy because
it requires actual ingestion of the drug and has been identified
asthe most promising, ethical, accurate, and least intrusive and
stigmatizing of these mobile strategies, yet its potential remains
largely unexplored [9]. Preliminary reports outside of the
peer-reviewed literature highlight the potential for drug
metabolite testing [59]; however, there is a need for further
development of the technology and rigorous research to assess
itsimpact on treatment outcomes.

In response to the challenges of implementing directly observed
therapy, current developmentsin treatment management involve
the utilization of digital health (eg, eHealth, mHealth, and
connected health) technol ogy, such asthe use of cellular phones,
tablets, smartphones, and other wireless devices, to explore
more efficient and effective ways to ensure that patients
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complete their treatment [6]. For example, apps can facilitate
real-time adherence monitoring or side effect tracking,
on-demand or tailored education, and bidirectional
communication with health care teams [10]. In a systematic
review of TB-related appsin the marketplace, most of the apps
targeted health care workers (eg, dosing calculations and
treatment recommendations) or provided general TB information
[12]. Few apps have been developed for use by patients, and
none have been developed to support TB patient engagement
in their own care (eg, reminders, side effects monitoring, or
interaction with their health care providers), thus limiting the
potential of these appsto facilitate patient-centered care. Given
that more than 95% of the global populationisliving in an area
that is covered by a mobile cellular network and mobile phone
and smartphone ownership israpidly rising, maximizing mobile
tools for treatment support holds promise to heighten patients
engagement in care and improve adherence, monitoring,
communication, and delivery of evidence-based interventions
[6,9,60]. However, more evidence is needed to develop, adapt,
and validate these tools under diverse conditions and models
of care[6,7].

Thisprotocol describesthe design and methods of arandomized
controlled trial assessing the effectiveness of using TB-TSTs
toimprove TB treatment successratesin high TB burden setting
in Argentina. This study |everages the accessible features of a
mobile phone app, a direct drug metabolite test, and interactive
remote support by a treatment supporter. To our knowledge,
this study is the first to design a TB patient-centered mobile
app using an iterative user-centered design, which has been
shown to improve the quality, functionality, and engagement
with patient-facing health apps. We will utilize real-time data
collection and provide participants with feedback on their
adherence performance in graphic and text forms. The
intervention will provide bidirectiona messaging, which
includes personalization based on participants’ responses and
results (eg, side effects and adherence reporting). Unidirectional,
push messages can provide reminders or nudges for patientsto
take a more active role in their management; however, the
bidirectionality may maximize the intervention potential .

The proposed study isinnovative for several reasons. First, the
patient-facing and treatment supporter—facing app facilitates
interactivity and timely personalized support throughout the
course of treatment to address problems or potential side effects.
Second, the reengineering of a paper-based test for home use
for detecting a drug metabolite in the urine and mobile phone
image capture of the results together alow for novel rea-time
direct adherence monitoring. The test confirms medication
ingestion within approximately the previous 24 hours, thus
avoiding the poor accuracy of self-reporting. Thismay improve
a treatment supporter’s ability to provide personalized or
precision feedback to promote positive health behaviors and to
ensure treatment adherence. Self-reporting or other surveillance
methods are considered less accurate, increase stigmatization,
or areintrusiveto the patient [9]. Third, collecting repeated and
longitudinal data on TB medication side effects by phone,
throughout the treatment course, isnovel in Argentinaand may
lead to new insights on side effects and treatment adherence
over time. Finally, building the app and provider interfacein a
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modular fashion using open-source software and open standards
allows for future integration into health care systems (eg,
eHealth records and surveillance systems) and future
functionality expansion based on end user needs. A mobile
optimized web app alows it to be used on any patient
smartphonerather than relying on one operating system or phone

type.
Limitations

It islikely that patients will need assistance in navigating the
app tool or other components, such as atest strip outside of the
initial education upon enrollment. Additional instructions on
how to use the tool have been developed, in video and written
form, to support users. An onboarding session was devel oped
to walk participants through the stepsto use the app at first use,
and it can be accessed later for review. The short videos
demonstrate how to submit the daily report and include
step-by-step instructions on how to conduct the metabolite test
and upload a photo to the app. A third video provides an
overview of other app features such as accessing education,
setting appointment date reminders, individualized notification
system for medi cation or appointments, and accessing messaging
and discussion forums.

It is possibl