JMIR Research Protocols

Ongoing Trials, Grant Proposals, Formative Research, Methods, Early Results
Volume 11 (2022), Issue 6 ISSN: 1929-0748

Contents

Protocols

Development and Application of a Metaverse-Based Social Skills Training Program for Children With Autism
Spectrum Disorder to Improve Social Interaction: Protocol for a Randomized Controlled Trial (e35960)
JooHyun Lee, Tae Lee, SeungWoo Lee, JiHye Jang, SuYoung Yoo, YeJin Choi, YU Park. . . ... ... e 7

Internet-Based Prevention Program of Victimization for Youth in Care and Care Leavers (EMPOWER
YOUTH): Protocol for a Randomized Controlled Trial (€34706)

Birgit Wagner, Laurence Reuter, Betteke Van NOOIT. . . . . .. ..ot e e e e 17

The Impact of Mobile Health Use on the Self-care of Patients With Type 2 Diabetes: Protocol for a
Randomized Controlled Trial (€31652)

Lucija Gosak, Majda Pajnkihar, Gregor SHgIIC. . . . . . .. ... 27

OptimalMe Intervention for Healthy Preconception, Pregnancy, and Postpartum Lifestyles: Protocol for a
Randomized Controlled Implementation Effectiveness Feasibility Trial (€33625)
Cheryce Harrison, Bonnie Brammall, Rhonda Garad, Helena Teede. . . . . .. ..ot e e e et 36

The Efficacy of Virtual Reality Game Preparation for Children Scheduled for Magnetic Resonance Imaging
Procedures (IMAGINE): Protocol for a Randomized Controlled Trial (€30616)

Sylvie Le May, Christine Genest, Nicole Hung, Maxime Francoeur, Estelle Guingo, Julie Paquette, Olivier Fortin, Stéphane Guay. .. ............. 49

Impact of a Papillomavirus Vaccination Promotion Program in Middle School: Study Protocol for a Cluster
Controlled Trial (e35695)

Phuong Tran, Emmanuel Chirpaz, Malik Boukerrou, Antoine Bertolotti. . . . ... ..ottt e e e 60

Effectiveness and Cost-effectiveness of Online Brief Mindfulness-based Cognitive Therapy for the
Improvement of Productivity in the Workplace: Study Protocol for a Randomized Controlled Trial (€36012)

Mitsuhiro Sado, Masashi Yamada, Akira Ninomiya, Maki Nagaoka, Naho Goto, Akihiro Koreki, Atsuo Nakagawa, Zindel Segal, Masaru Mimura.
7 1

Continuous Versus Intermittent Nutrition in Pediatric Intensive Care Patients: Protocol for a Randomized
Controlled Trial (€36229)

Karlien Veldscholte, Arnout Cramer, Rogier de Jonge, Renate Eveleens, Koenraad Joosten, Sascha Verbruggen. .. ........... ... ... ...... 86

A Comparison of the Effects of Stochastic Resonance Therapy, Whole-Body Vibration, and Balance Training
on Pain Perception and Sensorimotor Function in Patients With Chronic Nonspecific Neck Pain: Protocol
for a Randomized Controlled Trial (e34430)

Emmanuel Igbokwe, Wolfgang Taube, Konstantin BeINErt. . . . .. ...t e e e e e 100

JMIR Research Protocols 2022 | vol. 11 | iss. 6 | p.1

RenderX


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

Using Digital Media to Improve Dementia Care in India: Protocol for a Randomized Controlled Trial (€38456)

Bianca Brijnath, Upasana Baruah, Josefine Antoniades, Mathew Varghese, Claudia Cooper, Briony Dow, Mike Kent, Santosh Loganathan. . .
1 0 9

Impact of Web-Based Cognitive Behavioral Therapy for Insomnia on Stress, Health, Mood, Cognitive,
Inflammatory, and Neurodegenerative Outcomes in Rural Dementia Caregivers: Protocol for the NiteCAPP
CARES and NiteCAPP SHARES Randomized Controlled Trial (€37874)

Christina McCrae, Ashley Curtis, Amelia Cottle, David Beversdorf, Joel Shenker, Brian Mooney, Mihail Popescu, Marilyn Rantz, Maureen Groer,
Phyllis Stein, Mojgan Golzy, Melanie Stearns, Angelynn Simenson, Neetu Nair, Meredeth Rowe. . . ......... ... .. ... ... ... .. ... ......... 120

Study of the Kinetics of the Determinants of Performance During a Mountain Ultramarathon: Multidisciplinary
Protocol of the First Trail Scientifique de Clécy 2021 (e38027)

Benoit Mauvieux, Corentin Hingrand, Joffrey Drigny, Amir Hodzic, Pauline Baron, Rémy Hurdiel, Romain Jouffroy, Jean-Charles Vauthier, Mathias
Pessiglione, Antonius Wiehler, Francis Degache, Sébastien Pavailler, Elsa Heyman, Mathilde Plard, Philippe Noirez, Blaise Dubois, Jean Esculier,
Anh Nguyen, Joachim Van Cant, Olivier Roy Baillargeon, Benoit Pairot de Fontenay, Pierre Delaunay, Stéphane Besnard. .. .................. 137

Psychophysiological Reactions of Internet Users Exposed to Fluoride Information and Disinformation:
Protocol for a Randomized Controlled Trial (€39133)

Matheus Lotto, Olivia Santana Jorge, Tamires Sa Menezes, Ana Ramalho, Thais Marchini Oliveira, Fernando Bevilacqua, Thiago Cruvinel. . .
1 5 4

Supporting People Who Have Lost a Close Person by Bereavement or Separation: Protocol of a Randomized
Controlled Trial Comparing Two French-Language Internet-Based Interventions (€39026)
Anik Debrot, Maya Kheyar, Liliane Efinger, Laurent Berthoud, Valentino POMINi. . . .. ... ... . e 164

A Mobile Phone App Intervention to Promote Healthy Salt Intake Among Adults: Protocol for a Randomized
Controlled Study (e37853)

Milena Perin, Thais Sdo-Jodo, Maria Gallani, Titilayo Agbadje, Roberta Rodrigues, Marilia Cornélio. . . ........ ... ... .. .. i, 177

A Case Management Program at Home to Reduce Fall Risk in Older Adults (the MAGIC Study): Protocol
for a Single-Blind Randomized Controlled Trial (€34796)

Silsam Alberto, Juliana Ansai, Ana Janducci, Jodo Florido, Areta Novaes, Maria Caetano, Paulo Rossi, Larissa Tavares, Stephen Lord, Karina
GraAMANIESAY. . . o oot ottt e e e e e e 187

Promoting Physical Activity Among University Students During the COVID-19 Pandemic: Protocol for a
Randomized Controlled Trial (€36429)

Aurelie Goncalves, Caroline Bernal, Karim Korchi, Maxence Nogrette, Maxime Deshayes, Antony Philippe, Béatrice Gisclard, Elodie
(O g U oo T 11 195

Feasibility of a Combined Neuromodulation and Yoga Intervention for Mild Traumatic Brain Injury and
Chronic Pain: Protocol for an Open-label Pilot Trial (€37836)

Kelly Krese, Kyla Donnelly, Bella Etingen, Theresa Bender Pape, Sarmistha Chaudhuri, Alexandra Aaronson, Rachana Shah, Dulal Bhaumik,
Andrea Billups, Sabrina Bedo, Mary Wanicek-Squeo, Sonia Bobra, Amy Herrold. . . . ... ... 206

Uneven Treadmill Training for Rehabilitation of Lateral Ankle Sprains and Chronic Ankle Instability: Protocol
for a Pragmatic Randomized Controlled Trial (€38442)

Elizabeth Russell Esposito, Shawn Farrokhi, Benjamin Shuman, Pinata Sessoms, Eliza Szymanek, Carrie Hoppes, Laura Bechard, David King,
JONN T aS . .« o ittt et 219

A Telehealth Diabetes Intervention for Rural Populations: Protocol for a Randomized Controlled Trial
(e34255)

Michelle Litchman, Bethany Kwan, Linda Zittleman, Juliana Simonetti, Eli lacob, Kristen Curcija, Julie Neuberger, Gwen Latendress, Tamara
L6 1] = 230

JMIR Research Protocols 2022 | vol. 11 | iss. 6 | p.2

RenderX


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

A Multiprofessional and Intersectoral Working Model to Detect and Support Preschool Children With
Neurodevelopmental Difficulties (PLUSS Model): Protocol for an Evaluation Study (e34969)

Berit Gustafsson, Laura KOThONEN. . . . .. ... e 239

Biomedical Research and Informatics Living Laboratory for Innovative Advances of New Technologies in
Community Mobility Rehabilitation: Protocol for Evaluation and Rehabilitation of Mobility Across Continuums
of Care (e12506)

Sara Ahmed, Philippe Archambault, Claudine Auger, Audrey Durand, Joyce Fung, Eva Kehayia, Anouk Lamontagne, Annette Majnemer, Sylvie
Nadeau, Joelle Pineau, Alain Ptito, BONNIE SWaiNe. . . . ... i e e e e e e e e e e e 247

The Need for Standards Unification in Forensic Laboratory Practices: Protocol for Setting Up the Arab
Forensic Laboratories Accreditation Center (e36778)
Maha AlMazroua, Naglaa Mahmoud. . . . ... ... e e e et e e e e e 280

Investigating the Potential for Clinical Decision Support in Sub-Saharan Africa With AFYA (Artificial
Intelligence-Based Assessment of Health Symptoms in Tanzania): Protocol for a Prospective, Observational
Pilot Study (€34298)

Marcel Schmude, Nahya Salim, Hila Azadzoy, Mustafa Bane, Elizabeth Millen, Lisa O’Donnell, Philipp Bode, Ewelina Turk, Ria Vaidya, Stephen
Gl o 286

Advancing Posttraumatic Stress Disorder Diagnosis and the Treatment of Trauma in Humanitarian
Emergencies via Mobile Health: Protocol for a Proof-of-Concept Nonrandomized Controlled Trial (€38223)
Janaina Pinto, Caroline Hunt, Brian O'TOO0IE. . . . . ..o i e e e e e e e e e e 298

Assessing Trauma Management in Urban and Rural Populations in Norway: A National Register-Based
Research Protocol (e30656)

Inger Nilsbakken, Stephen Sollid, Torben Wisborg, Elisabeth Jeppesen. . ... ... ... .. . e 314

The Novel Data Collection and Analytics Tools for Remote Patient Monitoring in Heart Failure (Nov-RPM-HF)
Trial: Protocol for a Single-Center Prospective Trial (€32873)
Ankit Bhatia, Gregory Ewald, Thomas MadadOX. . . . . .« vttt e e e e e e e e e e e e e 322

Development and Validation of Population Clusters for Integrating Health and Social Care: Protocol for a
Mixed Methods Study in Multiple Long-Term Conditions (Cluster-Atrtificial Intelligence for Multiple Long-Term
Conditions) (e34405)

Hajira Dambha-Miller, Glenn Simpson, Ralph Akyea, Hilda Hounkpatin, Leanne Morrison, Jon Gibson, Jonathan Stokes, Nazrul Islam, Adriane
Chapman, Beth Stuart, Francesco Zaccardi, Zlatko Zlatev, Karen Jones, Paul Roderick, Michael Boniface, Miriam Santer, Andrew Farmer. . .
3 3 1

Ensuring a Successful Transition From Cytology to Human Papillomavirus—Based Primary Cervical Cancer
Screening in Canada by Investigating the Psychosocial Correlates of Women'’s Intentions: Protocol for an
Observational Study (e38917)

Gabrielle Griffin-Mathieu, Ben Haward, Ovidiu Tatar, Patricia Zhu, Samara Perez, Gilla Shapiro, Emily McBride, Erika Thompson, Laurie Smith,
Aisha Lofters, Ellen Daley, Juliet Guichon, Jo Waller, Marc Steben, Kathleen Decker, Marie-Helene Mayrand, Julia Brotherton, Gina Ogilvie,
Gregory Zimet, Teresa NOITIS, ZEEV ROSDEIGEr. . . . . . o e e e e e 342

Morbidity Patterns in Primary Care in Hong Kong: Protocol for a Practice-Based Morbidity Survey (e37334)

Julie Chen, David Chao, Samuel Wong, Tsui Tse, Eric Wan, Joyce Tsang, Maria Leung, Welchie Ko, Yim-chu Li, Catherine Chen, Wan Luk,
Man-Chi Dao, Michelle Wong, Wing Leung, Cindy Lam. . . .. ..ottt e e e e e e e e e e e e 360

The Health Impact of Social Community Enterprises in Vulnerable Neighborhoods: Protocol for a Mixed
Methods Study (e37966)

Erik Hendriks, Maria Koelen, Kirsten Verkooijen, Jan Hassink, Lenneke Vaandrager. . . . ...t 367
Relationship Quality and Health Among Black Same-Sex Male Couples: Protocol for a Symbolic Netnography
Study (€29589)

Jonathan Lassiter, Jagad a-devar Dacus, Mallory JONNSON. . . . . .. ..ot e 378

JMIR Research Protocols 2022 | vol. 11 | iss. 6 | p.3

RenderX


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

The Surveillance of Physical Activity, Sedentary Behavior, and Sleep: Protocol for the Development and
Feasibility Evaluation of a Novel Measurement System (e35697)

Patrick Crowley, Erika Ikeda, Sheikh Islam, Rasmus Kildedal, Sandra Schade Jacobsen, Jon Roslyng Larsen, Peter Johansson, Pasan Hettiarachchi,
Mette Aadahl, Paul Mork, Leon Straker, Emmanuel Stamatakis, Andreas Holtermann, Nidhi Gupta. . . ........ ... .. i 388

Culturally Safe eHealth Interventions With Aboriginal and Torres Strait Islander People: Protocol for a Best
Practice Framework (€34904)

Georgina Chelberg, Kaley Butten, Ray Mahoney, EHRCATSIH GroUP. . . . . ..t ittt e et e e e e e e e 398

Development of a Patient-Centered Preference Tool for Patients With Hematologic Malignancies: Protocol
for a Mixed Methods Study (e39586)

Amy Cole, Daniel Richardson, Karthik Adapa, Amro Khasawneh, Norah Crossnohere, John Bridges, Lukasz Mazur. . ....................... 411

Investigating the Efficacy of an 18-Week Postpartum Rehabilitation and Physical Development Intervention

on Occupational Physical Performance and Musculoskeletal Health in UK Servicewomen: Protocol for an

Independent Group Study Design (€32315)

Kirsty Elliott-Sale, Emma Bostock, Thea Jackson, Sophie Wardle, Thomas O'Leary, Julie Greeves, Craig Sale. .. ........................... 428

Women Physicians in Transition Learning to Navigate the Pipeline from Early to Mid-Career: Protocol for
a Qualitative Study (€38126)

Tiffany Leung, Karen Wang, Tammy Lin, Geneen Gin, Sima Pendharkar, Chwen-Yuen Chen. . . ... ... e 452

A Novel, Combined Student and Preceptor Professional Development Session for Optimizing Feedback:
Protocol for a Multimethod, Multisite, and Multiyear Intervention (€32829)
Brenton Button, Clare Cook, James Goertzen, EriN CameION. . . . ...ttt it e e e e e e e e e e e 462

Evaluation of a Collaborative Care Program for Patients With Treatment-Resistant Schizophrenia: Protocol
for a Multiple Case Study (e35336)

Amy Jongkind, Michelle Hendriks, Koen Grootens, Aartjan Beekman, Berno van Meijel. . . . ... ... e 470

Antimicrobial Use in Pediatric Oncology and Hematology: Protocol for a Multicenter Point-Prevalence Study
With Qualitative Expert Panel Assessment (e35774)

Cihan Papan, Katharina Reifenrath, Katharina Last, Andishe Attarbaschi, Norbert Graf, Andreas Groll, Johannes Huebner, Hans-Jirgen Laws,
Thomas Lehrnbecher, Johannes Liese, Luise Martin, Tobias Tenenbaum, Stefan Weichert, Simon Vieth, Ulrich von Both, Markus Hufnagel, Arne
151227 o 485

Neural Activity During Audiovisual Speech Processing: Protocol For a Functional Neuroimaging Study
(e38407)

Andras Balint, Wilhelm Wimmer, Marco Caversaccio, Stefan Weder. . . . ... ... .. e e 493

The First National Remote Emergency System for Malignant Hyperthermia (MH-NRES) in China: Protocol
for the Design, Development, and Evaluation of a WeChat Applet (€37084)
Hong Yu, Lingcan Tan, Yi Teng, Zhao Xu, Kun Xiao, Jin Yin, Yunxia Zuo, Tao Zhu, Xiaogian DENG. . . . . ..o oottt e 507

Immersive Virtual Reality Exergames to Promote the Well-being of Community-Dwelling Older Adults:
Protocol for a Mixed Methods Pilot Study (e32955)

Samira Mehrabi, John Mufioz, Aysha Basharat, Jennifer Boger, Shi Cao, Michael Barnett-Cowan, Laura Middleton. . ... ..................... 515

Passive Sensor Data for Characterizing States of Increased Risk for Eating Disorder Behaviors in the
Digital Phenotyping Arm of the Binge Eating Genetics Initiative: Protocol for an Observational Study (€38294)

Robyn Kilshaw, Colin Adamo, Jonathan Butner, Pascal Deboeck, Qinxin Shi, Cynthia Bulik, Rachael Flatt, Laura Thornton, Stuart Argue, Jenna
Tregarthen, Brian BaUCOM. . . . ...ttt e e e e e e e 540

JMIR Research Protocols 2022 | vol. 11 | iss. 6 | p.4

RenderX


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

The Brain and Early Experience Study: Protocol for a Prospective Observational Study (e34854)
William Mills-Koonce, Michael Willoughby, Sarah Short, Cathi Propper. . . . ... ... . s 569

Dynamic Regulatory Processes in the Transition From Suicidal Ideation to Action in Adults Leaving Inpatient
Psychiatric Care: Protocol for an Intensive Longitudinal Study (e38582)
Sarah Victor, Kirsten Christensen, Sheri Johnson, Jason Van Allen, Leslie Brick. . . .. .. ... 585

Development, Testing, and Implementation of the Belgian Patient Reported Experience Measure for
Pancreatic Cancer Care (PREPARE) Project: Protocol for a Multi-Method Research Project (€29004)

Katrien Moens, Marc Peeters, Marc Van den Bulcke, Mark Leys, Melissa Horlait. . . . ... ... . e e 602

Developing a One-Stop Platform Transportation Planning Service to Help Older Adults Move Around in
Their Community Where, When, and How They Wish: Protocol for a Living Lab Study (e33894)

Veronique Provencher, Dany Baillargeon, Bessam Abdulrazak, Patrick Boissy, Mélanie Levasseur, Nathalie Delli-Colli, Héléne Pigot, Mélisa Audet,
Sara Bahrampoor Givi, Catherine GIrard. . . . .. .. ...t e e e e e 610

Implementing a Personalized Integrated Stepped-Care Method (STIP-Method) to Prevent and Treat
Neuropsychiatric Symptoms in Persons With Dementia in Nursing Homes: Protocol for a Mixed Methods
Study (e34550)

Helma Verstraeten, Canan Ziylan, Debby Gerritsen, Robbert Huijsman, Miharu Nakanishi, Martin Smalbrugge, Jenny van der Steen, Sytse
Zuidema, Wilco Achterberg, Ton BakKer. . . .. ..o 621

Hearing Loss in Patients With Morquio Syndrome: Protocol for a Scoping Review (€32986)

Lorena Diaz-Ordofiez, Estephania Candelo, Katherine Silva-Cuero, Wilmar Saldarriaga, Lenka MurgaSova, Martin Magner, Harry Pachajoa. .
6 3 9

Ageism and Artificial Intelligence: Protocol for a Scoping Review (e33211)

Charlene Chu, Kathleen Leslie, Jiamin Shi, Rune Nyrup, Andria Bianchi, Shehroz Khan, Samira Rahimi, Alexandra Lyn, Amanda Grenier. . .
6 4 4

Use of and Experiences With Online Access to Electronic Health Records for Parents, Children, and
Adolescents: Protocol for a Scoping Review (e36158)
Josefin Hagstrom, Charlotte Blease, Barbara Haage, Isabella Scandurra, Scharlett Hansson, Maria Hagglund. . . .. ........ ... ... .. .. .... 653

Examining the Relationships Between Sleep Physiology and the Gut Microbiome in Preclinical and
Translational Research: Protocol for a Scoping Review (€38605)
Katherine Maki, Jenna Alkhatib, Gisela Butera, Gwenyth Wallen. . . . .. ... . e e e e e e e 659

Familiarity in Rural Life: Protocol for a Scoping Review and Concept Analysis (€36930)
Marilyn Swan, Luke Gietzen, Barbara HODDS. . . .. ... 672

Proposals

Primary Prevention of Stroke in Children With Sickle Cell Anemia in Nigeria: Protocol for a Mixed Methods
Implementation Study in a Community Hospital (€37927)

Halima Bello-Manga, Lawal Haliru, Kudrat Ahmed, Abdulkadir Tabari, Bilkisu Farouk, Gloria Bahago, Aisha Kazaure, Abdulrasheed Muhammad,
Samira Gwarzo, Ana Baumann, Michael DeBaun, AllISON KiNg. . . .. ...t 257

HIV Digital Vaccine Strategy: Proposal for Applying Blockchain in Preventing the Spread of HIV (e37133)
JIA LIU. et e e 271

Optimizing an mHealth Intervention to Change Food Purchasing Behaviors for Cancer Prevention: Protocol

for a Pilot Randomized Controlled Trial (€39669)
Olivia Horgan, Nicole Crane, Evan Forman, Brandy-Joe Milliron, Nicole Simone, Fengqing Zhang, Meghan Butryn. . . ....................... 551

JMIR Research Protocols 2022 | vol. 11 | iss. 6 | p.5

RenderX


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

Corrigenda and Addendas

Correction: Natural Language Processing to Identify Digital Learning Tools in Postgraduate Family Medicine:
Protocol for a Scoping Review (e40454)

Hui Yan, Arya Rahgozar, Claire Sethuram, Sathya Karunananthan, Douglas Archibald, Lindsay Bradley, Ramtin Hakimjavadi, Mary Helmer-Smith,
Kheira Jolin-Dahel, Tess McCutcheon, Jeffrey Puncher, Parisa Rezaiefar, Lina Shoppoff, Clare Liddy. . ... ........ ... i 534

Correction: Aerobic Exercise in HIV-Associated Neurocognitive Disorders: Protocol for a Randomized
Controlled Trial (e40486)

Martins Nweke, Nombeko Mshungane, Nalini Govender, Aderonke Akinpelu, Adesola OgUNNIYi. . . . ..o vttt e 536

Correction: Neural Activity During Audiovisual Speech Processing: Protocol For a Functional Neuroimaging
Study (e40527)

Andras Balint, Wilhelm Wimmer, Marco Caversaccio, Stefan Weder. . . . .. ... .. i e e 538

Correction: Understanding and Addressing Variation in Health Care—Associated Infections After Durable
Ventricular Assist Device Therapy: Protocol for a Mixed Methods Study (€39663)

P Chandanabhumma, Michael Fetters, Francis Pagani, Preeti Malani, John Hollingsworth, Russell Funk, Keith Aaronson, Min Zhang, Robert
Kormos, Carol Chenoweth, Supriya Shore, Tessa Watt, Lourdes Cabrera, Donald LIKOSKY. . . . . ... .ot 637

JMIR Research Protocols 2022 | vol. 11 | iss. 6 | p.6

RenderX


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

JMIR RESEARCH PROTOCOLS Lecetd

Protocol

Development and Application of a Metaverse-Based Social Skills
Training Program for Children With Autism Spectrum Disorder to
Improve Social Interaction: Protocol for a Randomized Controlled
Trial

JooHyun Lee!, BSN; Tae Seon Lee?, PhD; SeungWoo Lee?, MD; JiHye Jang', MS; SuYoung Yoo®, BSN; Yelin
Choi*, BS; Yu Rang Park®, PhD

1Department of Biomedica Systems Informatics, Yonsel University College of Medicine, Seoul, Republic of Korea
2Department of Neurosurgery, Severance Hospital, Yonsel University College of Medicine, Seoul, Republic of Korea
SGraduate School of Information and Communication Technol ogy, Ajou University, Suwon, Republic of Korea
4DoBrain Co, Ltd, Seoul, Republic of Korea

Corresponding Author:

Yu Rang Park, PhD

Department of Biomedical Systems Informatics
Yonsel University College of Medicine

50-1 Yonsei-ro

Seodaemun-gu

Seoul, 03722

Republic of Korea

Phone: 82 2228 2493

Email: yurangpark@yuhs.ac

Abstract

Background: Autism spectrum disorder (ASD) is characterized by abnormalities in social communication and limited and
repetitive behavioral patterns. Children with ASD who lack social communication skills will eventually not interact with others
and will lack peer relationships when compared to ordinary people. Thus, it is necessary to devel op a program to improve social
communication abilities using digital technology in people with ASD.

Objective: We intend to develop and apply a metaverse-based child social skillstraining program aimed at improving the social
interaction abilities of children with ASD aged 7-12 years. We plan to compare and analyze the biometric information collected
through wearable devices when applying the metaverse-based social skills training program to evaluate emotional changes in
children with ASD in stressful situations.

Methods: This parallel randomized controlled study will be conducted on children aged 7-12 years diagnosed with ASD. A
metaverse-based social skills training program using digital technology will be administered to children who voluntarily wish to
participate in the research with consent from their legal guardians. The treatment group will participate in the metaverse-based
social skills training program devel oped by this research team once a week for 60 minutes per session for 4 weeks. The control
group will not intervene during the experiment. The treatment group will use wearable devices during the experiment to collect
real-time biometric information.

Results: The study is expected to recruit and enroll participantsin March 2022. After registering the participants, the study will
be conducted from March 2022 to May 2022. This research will bejointly conducted by Yonsei University and Dobrain Co Ltd.
Children participating in the program will use the internet-based platform.

Conclusions. The metaverse-based Program for the Education and Enrichment of Relational Skills (PEERS) will be effective
inimproving the social skillsof children with ASD, similar to the offline PEERS program. The metaverse-based PEERS program
offers excellent accessibility and is inexpensive because it can be administered at home; thus, it is expected to be effective in
many children with ASD. If a method can be applied to detect children's emotional changes early using biometric information
collected through wearabl e devices, then emotional changes such as anxiety and anger can be alleviated in advance, thus reducing
issuesin children with ASD.
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Introduction

Autism spectrum disorder (ASD) is a complex developmental
condition that involves persistent challengesin socia interaction,
speech, and nonverbal communication, with restricted or
repetitive behaviors [1]. In You's study, deficits in
social-emotional exchange, such as social communication
disorder in interactions covering the present or past
developmental period, are discussed along with deficits in
nonverba communication in social interaction and relationship
formation appropriate to the developmental level. Impaired
social functioning, which often requires lifetime treatment, is
a characteristic of ASD [2]. Typicaly, school-aged children
and adolescents acquire and develop the basic rules of social
etiquette through observation of peer behavior or specific
parental instruction [3]; however, some school-aged children
with developmental disabilities, or some children and
adolescents with ASD, have difficulties in acquiring the socia
etiquette necessary for peer relationships and they require
additional intervention. As they lack social interaction skills,
they are more likely to be isolated from their peers, making it
evident that the etiquette necessary for relationshipsislacking
[4]. Furthermore, without treatment, many adults with ASD
will have fewer interactions and friendships than an average
person [5]. Imparting people with ASD the skills to make and
retain friends to people with ASD is expected to have alasting
and significant impact on their lives. The prevalence of ASD
has increased worldwide. Hong and Lee investigated the
economic burden of ASD in South Korea using a nationally
representative data source. The direct medical, nonmedical, and
indirect costs resulting from ASD were estimated. The total
preval ence was 5.04 (per 100,000 people) in 2008 and 10.97 in
2015. The economic cost of ASD was estimated at US
$2,700,596 in 2008 and US $9,645,503 in 2015. The results of
this study suggest that the increase in economic costsis greater
than the increase in the prevalence [6]. Consultation with child
psychiatristsfor ASD diagnosis, psychological evaluation, and
treatment, including ASD testing, are primarily available in
cities, necessitating long waiting times and incurring high costs.
Furthermore, even after diagnosis, treatmentsincluding speech
therapy, psychotherapy, play therapy, and occupational therapy
arecentrally operated in cities, and treatment costsare high [7].
Therefore, appropriate treatment for many children with ASD
is delayed. Furthermore, it is difficult for children from
low-income families to receive timely diagnosis and treatment
because of the high cost of treatment in facilities concentrated
in cities.

https://www.researchprotocol s.org/2022/6/€35960

Various treatment strategies for ASD include educational and
behavioral interventions that target its core features.
WEell-designed interventions, such as risperidone and
aripiprazole, have been reported to have strong and beneficial
effects [8,9]. The Program for the Education and Enrichment
of Relationa Skills (PEERS) is a manualized evidence-based
social skills program developed from ASD intervention
programs[10]. The PEERS program used in this study hasbeen
designed to improve socia and friendship skills in adol escents
with high-function ASD. The results of a previous randomized
controlled study examining the efficacy of PEERSinimproving
social abhilities and friendship skills in high-functioning
adolescents with ASD showed that the group involved in the
program significantly improved its knowledge of socia skills
compared to the control group that was not part of the program.
Thefrequency of meeting with friendsincreased and the overall
socia skills improved [11,12]. The Korean version of the
PEERS social skills program appears to be effective for
adolescents with ASD in Korea after modest adjustments for
cultural differences. In a randomized controlled trial (RCT),
participants who received the PEERS treatment showed
significant improvement in socia skill knowledge, interpersonal
skills, state anxiety or depressive symptoms, as well as a
decreasein ASD symptoms|[2]. For adolescentswith ASD who
had previoudly received the PEERS program face to face, the
program was suspended or postponed because of the COVID-19
outbreak, owing to the restrictions declared by many government
statutes[13]. Children with ASD require continuous long-term
training to improve their cognitive development and behavior.
Dueto thelack of social reciprocity and communication, special
education teachers, regular training activities, and training
locations are relatively fixed. However, the sudden COVID-19
outbreak disrupted the familiar and routine training activities
of preschoolers with ASD, and limitations in the children’'s
physical environment may exacerbate behavioral problems|[14].
Therefore, there is an increasing need to shift traditional
therapeutic environments from face-to-face learning to
internet-based play. According to the World Health
Organization, telemedicine refers to the use of communication
and virtual technologies to provide health care [15]. The
advantages of telemedicine include the ability to receive
treatment in a comfortable environment, ensuring continuity of
care, low cost, high accessibility, and easy dissemination. Recent
studies have shown that telemedicineinterventions can improve
the behavior of children with ASD [14,16-18]. Education was
delivered using virtual redlity (VR) technology to increase
socidity for children and adults with ASD, and as a resullt,
previous studies have reported improved sociality [19-21]. We
designed the study to use a metaverse-based interactive game
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platform rather than VR equipment. Roblox, MineCraft,
Whyville, and Zepeto are internet-based virtual world game
platforms on which users can socialize, be creative, and play
using their imagination [22,23]. Internet-based virtual world
game platforms provide various types of cooperative activities
inwhich children and adol escents can participate. Collaborative
activities include solving problems and challenges, forming
teams to execute missions through collaboration and
organization, creating and decorating avatars, and practicing
digital literacy skills, such as coding and writing. Internet-based
multiplayer games can strengthen healthy communication and
social connections as well as alleviate social isolation [24].
Playing games on internet-based gaming platforms can help
foster a sense of belonging and develop friendships that are
essential for the social and emotional development of children
and adolescents. Developing a social skills training program
using an internet-based virtual world game will be effectivein
improving social skills and will be an important treatment
method during the COVID-19 pandemic situation, especially
in the case of children and adolescents with ASD.

Toimprovethe socia skillsof children with ASD, it isnecessary
to predict their anxiety early by collecting biometric information
using wearable devices. Anxiety is a common problem in
children, adolescents, and adultswith ASD. Anxiety caused by
emotion regulation impairmentsin children with ASD can lead
to many behavioral problems, such asaggression and irritability
[25]. Furthermore, problematic behavior, including self-harm
in children with ASD, can be a significant barrier to accessing
community services, including education, and can affect social
improvement by limiting peer group formation or social
participation in schools. Using wearable devices, early detection
of abnormal signals in the biometric information of children
with ASD, and conversion of problem behavior to prediction,
mitigation, or alternative behaviorsin advancewill help improve
children’s sociality.

The following are the objectives of this study: (1) developing
a metaverse-based youth social skills training program using
digital technology to improve the socia interaction skills of
children with ASD; (2) validating the effectiveness of the
program developed as a metaverse for “Being a Good
Sportsman,” which is part of the PEERS program, as well as
validate the improvement of social interaction skills required
by children with ASD; and (3) analyzing biometric information
collected through wearable devices to confirm emotional
changes in children with ASD during stressful situations.

Methods
Study Design

Summary

This study is a parallel randomized controlled study (trial
registration: KCT0006859) involving children aged 7-12 years
diagnosed with ASD who volunteered to participate in the study
with the consent of alegal guardian. The study will include an
intervention group and acontrol group at a 1.1 ratio. Participants
will be publicly recruited through the internet to enroll in a
clinical trial through the Korean-Wechsler Intelligence Scale

https://www.researchprotocol s.org/2022/6/€35960
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for Children-1IV (K-WISC-1V) test administered by a
professional clinical psychologist. Following neuropsychological
evaluation, the children eligible for this study will be assigned
randomly to the intervention or the control group for 4 weeks.
Randomization will be performed using the PROC PLAN
method in the SAS software program (version 9.4, SAS
Ingtitute). In this study, we plan to develop and apply a socia
skills training program for children with high-function ASD
that can be implemented within the metaverse platform based
on the PEERS program using digital technology. The PEERS
isasocial skillstraining program developed for children with
ASD who face difficulties in making or retaining friends. The
PEERS program has 14 sessions. The 1st session gives the
introduction and trading information; the 2nd session is about
conversational skills; the 3rd session is on electronic
communication; the 4th session is about choosing appropriate
friends; the 5th session is regarding the appropriate use of
humor; the 6th session is about peer entry strategies; the 7th
sessionisregarding peer exit strategies; the 8th session is about
get togethers, the 9th is on good sportsmanship; the 10th is about
handling teasing; the 11th is on handling bullying and bad
reputations; the 12th isregarding arguments and disagreements;
the 13th is about handling rumors and gossip; and the 14th one
includes a graduation party and ceremony [12]. Under the
guidance of aclinical psychologist (with a PhD in education)
and a clinical specialist in psychiatry, “Becoming a Good
Sportsman,” which is part of the PEERS program, was selected
and conducted as a proof-of-concept study. Sociaizing with
peers is important for children and adolescents with ASD to
build close friendships and engagein positive peer interactions.
To reduce the burden of discussing awide range of topics, it is
better to proceed with activities that go well together.
“Becoming a Good Sportsman” was selected because experts
considered it suitable for atest study becauseit is composed of
activity-based socializing to become a good sportsman, which
corresponds to the ninth session selected in our study [26]. To
maintain the consistency of the program, aprofessional clinical
psychologist trained during the study period will conduct it. To
verify the effectiveness of the program, the results of
neuropsychological evaluation, including social development
indicators and biometric information (heart rate, heart rate
variability, saturation, respiratory rate, and stress index), will
be collected through wearable devices. Children enrolled in the
study will be randomized into 2 groups with the same baseline
characteristics. To verify the effectiveness of the program, for
each group, first the differences between the neuropsychol ogical
evaluation results, including the social development index
determined before the experiment and the test results after the
experiment, will be compared and analyzed using a statistical
method. Second, the differencesin the neurophysiological scores
between the groups will be compared and analyzed. Based on
the results of these 2 processes, the effectiveness of the
metaverse-based social skills training program using digital
technology will be verified.

Neuropsychological Test

To confirm that the children who wished to participate in the
study meet the research criteria, the K-WISC-IV test, an
intelligence test that comprehensively evaluates the overall
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intellectual ability of children, will be performed before the
start of the study [27]. To compare and eval uate the effectiveness
of the metaverse-based social skillstraining program developed
in this study, a series of neuropsychological tests will be
performed before and after the study to evaluate sociability.
Neuropsychological tests to be used in the study include the
Social Responsiveness Scale (SRS), evaluated by parents, as a
tool to verify the effectiveness of children's social interactions.
Furthermore, the Korean version of the Child Behavior Checklist
(K-CBCL) and the Korean version of the Vineland Adaptive
Behavior Scale-2 (K-VABS-2) test are used as evaluation tools
to verify the children's overal problematic behavior,
adaptability, and sociability-related effects as determined
through a parental survey. The Children’s Depression Inventory
(CDI) and revised Children’sManifest Anxiety Scale (RCMAYS)
are used as assessment tools to compare mental health levels,
such as stress relief, depression, and anxiety before and after
intervention.

Biometric | nformation

During the 4 weeks of this study, all children participating in
the study will use a wearable device shaped like a smartwatch
(Fitbit) to minimize discomfort. In addition to collecting the
children's biometric information using the smartwatch, a
webcam will be used to record the children's behavior and facial
expressions in real time during the program. The biometric
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information of the children with ASD will be compared and
analyzed using the internet-based (metaverse) program with the
biometric information of children with ASD and real-time
biometric information recorded daily. Based on the study resuilts,
the effectiveness of the metaverse-based social skills training
program using digital technology will be verified, and the
children's anxiety and stress levels will be measured. The
improvement of social interaction abilities has an important
effect on children’'s adaptation to school life; therefore, its effect
on improving mental health while alleviating stress and anxiety
will also be verified.

I ntervention Group Receiving the Metaver se-Based
Social Skills Training Program

Theintervention group will receive the metaverse-based social
skills training program developed by the researchers for 60
minutes per session once a week for 4 weeks. The program
consistsof direct instruction (rulesfor being agood sportsman)
and practical training (playing sport games). Table 1 summarizes
the metaverse-based social skills training program content.
When the program is applied to metaverse, a wearable device
will collect the child's biometric information in real time. In
addition to internet-based and offline recording modes, the
children's actions will be recorded using a webcam during the
program.
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Table 1. Contents of the metaverse-based socia skills training program.

Leeetd

Week  Session

Goa

Content

1

Introduction and preneuropsychological test
(offline)

Being a Good Sportsman 1(internet):
awareness of the need for rules and results

Being aGood Sportsman 2 (internet): under-
standing the situation and participating in
team activities

Being a Good Sportsman 3 (internet): re-
sponding appropriately to negative behavior
experiences and negative emotions

Being a Good Sportsman 4 (internet):
knowing and accepting individual differ-
ences

Neuropsychological test
(offline)

Orient the participants to the program

Learn and devel op theright behavior for replac-
ing inappropriate behavior; avoid uncontrolled
negative behavior to achieve positive behavior

Learn socia understanding by noticing situa-
tions and conflicts that occur during team ac-
tivities

Learn to accept the result of rule violations,
failures, etc experienced in team activitiesand
understand appropriate emotional response

To be able to recognize the characteristics of
other team members and accept similarities
and differences with friends while working as
ateam

Conducting postneuropsychological evaluation

1. Explaining the processinvolved in the
program and the basic rules and the use
of the wearable device

2. Preneuropsychological evaluation

=

Subject and modulator introducing them-
selvesto each other

Self-introduction by team

Forming rules

Playing sports games in metaverse
Giving session feedback and homework

abrwn

=

Greeting therapists and participants

2. Checking the homework from the last
session

Reminding rules

Playing sports games in metaverse
Giving session feedback and homework

ok w

1. Greeting therapists and participants

2. Checking the homework from the last
session

3. Educating and practicing negative emo-
tion acceptance and coping skills

4. Playing sports gamesin metaverse

5. Giving session feedback and homework

1. Greeting therapists and participants

2. Checking the homework from the last
session

3. Educating and practicing “knowing and

accepting” skills.

Playing sports games in metaverse

Giving session feedback

[SE

Postneuropsychologital evaluation:
K-SCQ?

SRS 2P

K-CBCL®

K-VABS-2¢

SCL-R®

colf

RCMAS?

N o g s wDNPE

8-SCQ: Korean Version of the Social Communication Questionnaire.
bSRS-2: Social Responsiveness Scale-2
®K-CBCL: Korean version of the Child Behavior Checklist.

9K -VABS-2: Korean version of the Vineland Adaptive Behavior Scale-2.
®SCL-R: Symptom Checklist-Revision.
fcDI: children's Depression Inventory.

9RCMAS: revised Children’s Manifest Anxiety Scale

Control Group

M easures

The control group will not intervene. Only neuropsychological
tests will be conducted between the first and last week.

https://www.researchprotocol s.org/2022/6/€35960
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K-WISC-1V Test

The K-WISC-IV is used to establish a baseline for the
participating children. This test evaluates the overall cognitive
function of children using 15 subtests, such as common sense,
missing places, and vocabulary. The K-WISC-IV is an
individual test tool used to evaluate the cognitive abilities of
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children aged 6-16 years[27]. The evaluation itemsinclude the
verbal comprehension index (VCI), visual spatial index (VSl),
fluid reasoning index (FRI), working memory index (WMI),
and processing speed index (PSI) that are combined to evaluate
intellectual ability. The VCI is a measure of crystallized
intelligence. It measures a child’s ability to access and apply
acquired word knowledge. The VSI measures a child's ability
to evaluate visual details and understand visual spatia
relationshipsto construct geometric designsfrom amodel. The
FRI measures a child's ability to detect the underlying
conceptual relationship among visua objects and use reasoning
toidentify and apply rules. The WMI measures achild’'s ability
to register, maintain, and manipulate visual and auditory
information in conscious awareness. The PSI measuresachild's
speed and accuracy of visual identification, decision-making,
and decision implementation. It provides composite scores
representing the overall intelligence quotient (1Q) as well as
subtests and composite scores representing intellectual
functioning in specific cognitive domains [28].

Korean Version of the Social Communication
Questionnaire (K-SCQ)

The SCQisatoal that clinicians use when screening individuals
for ASD. The parent or primary caregiver of the target child
can easily answer “yes/no” and screen awide range of symptoms
related to autism in a short time. It was designed as a
guestionnaire version of Autism Diagnostic Interview-Revised
(ADI-R) [29]. Itisascreening tool consisting of 40 itemsasking
parents or caregivers about their children's ASD-related
symptoms (communication, reciprocal interactions, and
restrictive and repetitive behaviors and interests). There are 2
forms, namely the Lifetime AutoScore Form and the Current
AutoScore Form. The Lifetime Form provides an answer based
on theindividual’s overall development, and the Current Form
provides answers based on the individual's behavior in the last
3 months. The K-SCQ wastrand ated into English and approved
by the authors [30].

Social Responsiveness Scale-2 (SRS-2)

The SRS-2 isan evaluation tool used to verify the effectiveness
of socia interactions. This test is a questionnaire that asks
parents or teachers to evaluate the characteristics of social
interactions that children have displayed in the past 6 months
and consists of 65 items. Each question is rated from “not at
al” (0 points) to “amost aways’ (3 points) and can be scored
on a scale of 0-195 points. The evaluation content consists of
socia insight, social information processing, mutual social
communication ability, social anxiety/avoidance, and autistic
immersion and traits. Higher scores indicate lower social
functioning [31].

K-CBCL Evaluation

The K-CBCL is an evaluation tool used to verify the effects
related to overall problem behavior, adaptation, and social
performance. This test is a standardized checklist in which
parents describe their children's behaviora and emotional
problems. It consists of two parts. the Social Ability Scale and
the Syndrome and Total Problems Scale [32]. The K-CBCL
consists of a 132-item questionnaire, and responses are provided
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on a 3-point Likert scale ranging from O to 2. It consists of a
social competence scale, school performance scale, syndrome
scale, and atotal problem scale[32].

K-VABS-2 Analysis

TheK-VABS-2isan evaluationtool to verify the effectsrelated
to overall problem behavior, adaptation, and social performance.
This test is the Korean version of the second edition of the
VABS. It measures adaptive behavior, including 4 domains
(communication, daily living skills, socialization, and motor
function) and 11 subdomains (receptive language, expressive
language, writing, individual, family, community, interpersonal
relationship, play, ability to cope, and large and small muscle
areas). Thiswas evaluated by dividing the adaptation levelsinto
5 and maladaptation levelsinto 3 [33].

Symptom Checklist-Revision (SCL-R)

The SCL-R is a symptom checklist developed by Derogatis et
a. It consists of 9 symptom dimensions (somatization,
obsessive-compulsive disorder, interpersonal  sensitivity,
depression, anxiety, hogtility, phobic anxiety, paranoid ideation,
psychoticism, and additional items) with a total of 90 items
[34].

CDI Evaluation

The CDI is an evaluation tool to verify the effect of improving
mental health, such asrelieving stress and reducing depression
in children. This test measures the degree of depression in
children. It isamodified version of the Adult Beck Depression
Inventory (BDI) for children aged 8-13 years [35]. It consists
of 27 items. The evaluation is provided in a self-report format,
where the mood state of the individual isindicated in 1 of the
3 sentences describing each question [36].

RCMAS Evaluation

The RCMAS is an evaluation tool for testing mental
health—enhancing effects, such as stressrelief and anxiety. This
tool is a children's version of Taylor's Manifest Anxiety Scale
for Adults, and it is the most widely used self-report scale for
the assessment of anxiety disordersin children and adolescents
aged 0-19 years [37]. It is designed to evaluate various
symptoms related to anxiety, and all 37 questions are asked to
be answered with “yes’ or “no” about how you think and feel
about yourself.

Recruitment

Ethics Approval and Consent to Participate

This study was approved by the Korea National Institute for
Bioethics Policy (KONIBP), aPublic Ingtitutional Review Board
(P01-202202-01-017). Before participating in the study, consent
will be obtained from parents and participants (children).

Participants

Setting

Theintervention will be administered remotely from atreatment
center for developing the social ahilities of children with ASD
in Korea or by self-referral through community web pages on
the internet for parents with ASD.
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Screening and Inclusion Criteria

We will recruit 24 children between March 2022 through
treatment centers or internet-based social networking services.
Inclusion criteriafor children arethefollowing: (1) age between
7 and 12 years, (2) diagnosed with ASD, (3) sufficient cognitive
abilities to understand the rules with 1Q=90 according to a
standardized intelligence test, (4) children and parentsfluent in
Korean, and (5) no defectsin motor function. Written informed
consent will be obtained from all the children and parents who
will participate in this study.

Exclusion Criteria

Children will be excluded from the study if they do not speak,
hear, or have impaired vision; if they have been diagnosed with
a history of congenital or acquired brain damage, such as
cerebral palsy; or if they have difficulty in cooperating with
program participants because of serious developmental delays
or difficultiesin controlling behavior.

Sample Size

The sample size calculation provided by the clinical trial pilot
test was employed because no studies were undertaken in
advance to determine the effectiveness of the peer program by
conducting exploratory clinical trials [38]. The recommended
sample size for such pilot studiesis 12 persons per group.

Randomization and Masking

Participants will be assigned (1:1) to either the experimental or
control group using permuted blocks (block size 4) and stratified
by age (children aged 7-9 years and 10-12 years). An
independent statistician will build the randomization list with
consecutive subject numbers using the PROC PLAN method
in SASversion 9.4.

Researchers providing theinterventions are not blind; however,
those who perform the neuropsychological assessments of the
participants are blinded. Because all participants will receive
the same outcome measures, assessors will not be able to
identify which group a participant belongs to, based on the
results. Wherever possible, if an assessor becomes unblinded,
further evaluations for that participant will be completed by a
different assessor (blind to the arm allocation).

Data M anagement

The dataacquired in this study will not be viewed or leaked by
anyone other than the researcher responsible for the participants
safety, and participants’ data will be entered into the system
when entering computerized data with security functions and
kept confidential. Except for the information supplied by
research institutes, data entered into the computerized datainput
system areinaccessible and are not accessed or |eaked to anyone
other than researchers licensed as accountable researchers.
Furthermore, all research-related recordswill be kept for 3years
from the end of the study, per Article 15 of the Bioethics Act
Enforcement Rules, and data relating to personal information
among documents passed by the storage agency will be
destroyed per Article 16 of the Personal Information Protection
Act Enforcement Decree.

https://www.researchprotocol s.org/2022/6/€35960
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Statistical Analysis

All baseline variables will be summarized in a randomized
group. Continuous data will be reported as means (SD) unless
skewed and will be reported as medians (IQR). Before testing
the effectiveness of the program, an independent sample t test
and a Mann-Whitney U test will be performed to determine
whether there are differencesin demographic variables between
the groups. To compare the effects of al outcomes, theanalysis
will be conducted using the paired t test and Wilcoxon signed
rank test. To evaluate treatment effectsin each group, ANOVA
will be repeatedly performed for determining differences in
variables between the baseline and posttest for the treatment
and control groups, with a condition analysis using (treatment
vs control) x time (baseline vs posttest). ANOVA will be
performed to compare the effects of the program between the
groups and to determine whether thereisasignificant difference
between each group by judging the rejection range based on a
significancelevel of 0.05. Weplanto perform statistical analysis
using Python (version 3.8.5) and R (version 4.0.4).

Results

We intend to recruit and enroll participants from March 2022.
After registering the participants, the study will be conducted
from March 2022 to May 2022, jointly by Yonsel University
and Dobrain Co, Ltd. The recruited children will participatein
internet-based programs. The results are scheduled to be
published in July 2022.

Discussion

Significance of the Study

We expect that conducting the peer program on metaverse will
improve the socia skills of children with ASD. Studies have
demonstrated that PEERS programs are significantly effective
in improving the overall social skills, frequency of social
engagement, and social skills knowledge, while reducing ASD
symptoms. In addition, previous studies have shown the
effectiveness of an additional 16-week follow-up observation,
which can be interpreted as the program proving effective not
only in terms of the effectiveness of the treatment but also in
terms of persistence [10,39,40]. Our study is an RCT
implementing “Being a Good Sportsman,” which is a part of
the PEERS program in the VR world caled metaverse.
Numeroustechnical trainingsto improve social skillshave been
conducted offline for practical purposes. We believe that using
this offline technology in a metaverse setting will be just as
helpful in enhancing sociality as using them offline, and that
ASD children who struggled to adjust to their environment
during offline education will be able to do so successfully in
the metaverse environment. Metaverse can increase the
scalability and freedom of the program in that it can provide
the characteristics of surrounding people who can help ASD
youth. In addition, if the program is conducted using metaverse
rather than simply delivering education on the internet, it is
possibleto provide not only theoretical content but also practice
using actual peer groups, thus enabling interactive learning. The
internet-based “Becoming a Good Sportsman” program and
this study are metaverse-based education programs, which
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include only some of the PEERS programs. This research can
be expanded by devel oping and applying educational programs
based on all PEERS programs.

When conducting the “Being a Good Sportsman” program on
metaverse, awearable device will be used to measure biometric
information. Based on the biometric results, it is possible not
only to verify the validity of internet-based programs but also
to collect the children’s biometric information in specific
situations (eg, anxiety, anger) and environments (eg, first visit
place, home). By collecting data, we can detect children's
behavior early and predict what they will do in the future. The
collected biometric data can be used to address and alleviate

Leeetd

children's anxiety in advance, thus significantly reducing the
problematic behavior of children with ASD.

Limitations

Computer equipment and internet connections can cause
complications in a study using an internet-based metaverse
game platform. Furthermore, because thisis a pilot study, we
are unableto generalize the effect of the metaverse-based social
skills training program because of the small number of
participants. We intend to evaluate the behaviors of the
experimental and control groups shortly after intervention,
because of which direct comparative tests of the

metaverse-based social skills training program's long-term
effectiveness will be impossible.
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Abstract

Background: The global estimate of the number of children ininstitutional careisaround 5 million, with around 1 million of
these children living in Europe. In Germany, about 75,000 children and adolescents find themselvesin the foster care system and
about 93,000 additional children and adolescents are living in institutions. Traumatic experiences and neglect in childhood are
highly prevalent among these youth in care and are related to severe long-term effects. Childhood maltreatment and abuse can
increase the risk of future victimization experiences. Although youth in care are at risk of victimization or revictimization, no
specific evidence-based prevention program has been designed to address these specific needs.

Objective: This study aims to evaluate the efficacy of a newly developed 6-module internet-based prevention program of
victimization for youth in care, named EMPOWER YOUTH.

Methods: In arandomized controlled trial, the intervention group will be compared to a waiting-list control group with an
unblinded 1:1 allocation ratio. Assessments will take place before randomization (baseline) and at follow-up 18 weeks after
baseline (ie, 12 weeks after finishing the last module of the program). The primary endpoint is the number of victimization, and
online and offline bullying experiences (composite score) at the 18-week follow-up. Secondary endpoints are risk-taking behavior,
aggressive tendencies, empathy, prosocial behavior, depressiveness, and loneliness at follow-up. The expected outcome requires
asample size of 156 subjects to achieve a power of 80%. Assuming a 30% dropout rate at follow-up, we require 225 participants
to be alocated to the trial. Participants are youth in care, that is, adolescents in foster care, adopted adolescents, or young care
leavers aged 14 to 21 years.

Results: Ethical approval was granted by the Ethics Committee of the Medical School Berlin in March 2021 (M SB-2021/55).
Recruitment started in September 2021 and is planned until November 2022. The results are expected to be published in January
2023.

Conclusions: Given the increased likelihood for future victimization experiences among youth in care, there is a strong need
for alow-threshold intervention specifically for this high-risk age group. There are no existing nationwide mental health programs
exclusively for youth in care in Germany.

Trial Registration: German Clinical Trials Register DRK S00024749; https://tinyurl.com/tjaahayw

International Registered Report Identifier (IRRID): DERR1-10.2196/34706

(JMIR Res Protoc 2022;11(6):€34706) doi:10.2196/34706
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Introduction

Background

The global estimate of the number of children in institutional
careisaround 5 million, with around 1 million of these children
living in Europe [1]. Reliable data on the number of children
livinginfoster care or adoptive familiesworldwide are currently
not available. In Germany, about 75,000 children and
adolescents find themselvesin the foster care system and about
93,000 additional children and adolescents are living in
institutions[2]. Traumatic experiences and neglect in childhood
are highly prevalent among these youth in care and are related
to severe long-term effects on mental health [3]. Childhood
abuse and neglect are associated with high levels of symptoms
such as sexuaized behavior, anxiety, posttraumatic stress
disorder (PTSD), and depression [4]. Furthermore, an abusive
or neglected caretaking setting can be arisk factor for continued
and repeated negative relationships. Often, the interpersonal
and intrapersonal beliefs of abused individuals are strongly
negative about themselves and others, and low self-esteem in
youth in care has been found in a number of studies [5].
Moreover, youth in care often show insecure and disorganized
attachment behavior [6] and have long-term interpersonal
difficulties, disturbances of self, and impaired affect regulation.

Conseguences can be multifaceted. Youth in care have agreater
risk of unintended pregnancy, ranging from 16% to 50% [7].
Moreover, risky sexua behaviors, including initiating sexual
intercourse at an earlier age, having agreater number of sexual
partners, inconsistently using contraception, and exchanging
sex for money, have been found in this group of adolescents
[7]. Stevens et d in their study with youth in care found that
higher levels of anxiety and depression were related to higher
rates of risky sexual activity and substance use [8]. Often, the
ability of risk recognition, whichisthe ability to identify danger
cues (eg, dangerous socia situations), is decreased [9]. These
factors can lead to interpersonal high-risk situations, which may
hinder proper responses and may lead to future victimization.
Childhood maltreatment and sexual abuse are associated with
a2to 3timeshigher risk of revictimization [10]. In conclusion,
youth in care comprise ahighly vulnerable group in adolescence
and young adulthood. They often demonstrate poor risk
recognition and are often victims of bullying (online and
face-to-face), sexual assault, and maltreatment. A changeinthe
caretaking setting via an out-of-home placement in either a
foster care family [3,11] or an institution [12] does not prevent
thisincreased chance for future maltreatment or the long-term
negative mental health outcomes.

Although the magjority of youth in care are at high risk of
victimization or revictimization, no specific evidence-based
prevention program has been designed to address these specific
needs. Most interventions aimed at youth in care are
multidimensional programs of a heterogeneous nature that offer
abroad focus of treatment (eg, cognitive behavioral techniques,
psychoeducation, case management, skill building, emotional
literacy, and social support). A systematic review by Hambrick
et al evaluated mental health interventionsfor childrenin foster
care (aged 0-12 years) [13]. Medium effect sizes were found
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for decreased internalizing problems, and large effect sizes could
be shown for positive parenting practices. However, only 3 of
the studies were randomized controlled trials (RCTs) [13]. In
amore recent systematic review, Bergstrom et al concluded that
only 3 of 18 included interventions for youth in care had
sufficient support for program efficacy [14] (Attachment and
Biobehavioral Catch-Up [15], Incredible Years [16], and Take
Charge[17]). Thereported effect sizes were small to moderate
[14]. However, none of the included programs focused on the
prevention of future victimization [13,14]. Moreover, most
programs target foster parents or social workers and not youth
in care directly, and take place face-to-face, often in group
settings, creating severa challenges for feasible widespread
implementation of these programs.

Only few studies have been conducted for the prevention of
sexual revictimization of adolescents. DePrince et al evaluated
prevention of revictimization of adolescent girls in the child
welfare system [18]. The participantsin therisk detection group
were about 5 times less likely to report sexual revictimization
compared to the nonintervention control group. A group
prevention program for sexual revictimization using risk
recognition, communication skills, practical knowledgeteaching
(ie, not leaving the party with a stranger and refusing al cohol),
and problem-solving strategies could reduce the incidence of
sexua assault [19]. Further, the program significantly increased
self-efficacy and decreased distress at follow-up. Another
revictimization program for women with a history of childhood
sexual assault was based on acceptance and mindful ness-based
theory but failed to find significant differences between the
intervention and control groups for revictimization [20]. A
computer-based program aimed at preventing dating violence
and sexual victimization was examined in schools with youth
aged 11 to 15 years [21]. The Me & You computer-based
program was found to significantly lower the odds for
perpetrating dating violence, but not to lower the odds for
victimization [21].

In the past years, computer-based interventions have been
developed through the integration of technology and
psychological interventions. Internet-delivered interventions
have a number of advantages compared to traditional
face-to-face treatments for adolescents and young adults. First,
this age group has a high affinity for the use of the internet,
online games, and social networks. Further, face-to-face
interventions are often restricted by long waiting lists, low
availability of psychosocia support, and time constraints.
Finally, the anonymity of the internet offers participants an
alternative way to overcometheir initial shame and encourages
them to confront difficult themes, such as social difficulties,
and to disclose feelings of shame [22]. An increasing humber
of e-mental health studies have been conducted in youth for a
variety of psychiatric and somatic conditions. A meta-analysis
[23] found an overall pooled effect size with d=0.85 for
internet-delivered cognitive behavioral therapy in youth, with
a large effect for psychiatric conditions (d=1.27) and a lower
treatment effect for somatic conditions (d=0.49). Systematic
reviews and meta-analyses showed that cognitive behavioral
web-based interventions for individuals with PTSD symptoms
[24] and youth with neurodevelopmental disorders, anxiety,
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depression, and even suicidal ideation had high efficacy [25-27]
comparable to traditional face-to-face settings [28,29].

In summary, youthin carearein clear need of additional support
to prevent future victimization. Considering the age group, a
guided web-based low-threshold program is a more novel and
preferred mode of delivery, given the ubiquitous digital activity
in this group. An internet-based intervention has several
advantages compared to traditional prevention programs
conducted in a face-to-face setting [29]. So far, no program
specifically targeting the prevention of several forms of
victimization in youth in care has been developed, and no
clinical trial is currently being conducted for examining an
internet-based intervention to prevent victimization or
revictimization among youth in care.

Objectivesand Trial Design

We aim to evaluate the efficacy of anewly developed 6-maodule
internet-based prevention program of victimization among youth
in care, named EMPOWER YOUTH. Intervention effects will
be evaluated within an RCT (German Clinical Trials Register
DRK S00024749) comparing the program with awaiting control
group, with an unblinded 1:1 alocation ratio. At initial
assessment, participantswill be blinded to their alocation status.
Assessments will take place before randomization (baseline)
and at a follow-up 18 weeks after baseline (ie, 12 weeks after
finishing the last modul e of the program). The main goal of the
program is to analyze the spillover effects of the prevention
coaching program EMPOWER YOUTH on victimization. The
primary endpoint isthe number of victimization, and online and
offline bullying (composite score) experiences at the 18-week
follow-up. Secondary endpoints are risk-taking behavior,
aggressive tendencies, empathy, prosocial behavior,
depressiveness, and loneliness at follow-up. We hypothesize
that the prevention program will be effective for reducing the
incidence of victimization, improving coping mechanisms in
problematic social situations, and increasing the recognition of
risk/dangerous situations.

Methods

Research Consortium

Thisproject is supported by aresearch grant (grant number FKZ
01K R1806E) of the Federal Ministry of Education and Research

https://www.researchprotocol s.org/2022/6/€34706

Wagner et a

in Germany and is part of a research consortium called
EMPOWERYOU, which is made up of the following
universities and ingtitutions (in alphabetical order): Karlsruhe
Ingtitute of Technology, Medica School Berlin, PFAD e.V.
Association of Foster Care and Adoptive Familiesin Germany,
University of Aachen, University of Bielefeld, and University
of Bremen. The study protocol follows the SPIRIT (Standard
Protocol Items: Recommendations for Interventional Trials)
guidelines for reporting clinical trial protocols[30].

Recruitment

Youth in care are defined as adolescentsin foster care, adopted
adolescents, or young care leavers aged 14 to 21 years.
Participants will be recruited through the organization PFAD
eV. Association of Foster Care and Adoptive Families in
Germany, aswell as other organizations working with youth in
care through which more than 13,000 foster families or young
care leavers can be reached. Since many youth in care are not
organized in groups or organizations, recruitment will also take
place online via social media (ie, Instagram, Facebook, and
TikTok). Furthermore, flyers and posters will be sent to child
welfare services, as well as other welfare institutions working
with youth in care in Germany.

Participants and Eligibility Criteria

Inclusion Criteria

The study flowchart is provided in Figure 1. Youth in care are
defined as adolescents in foster care, adopted adolescents, or
young care leavers aged 14 to 21 years. The agerange 14 to 21
years is consistent with the definition for “adolescents’ in the
German Guidelines for Psychotherapy [31] (article A, first
paragraph, point 4). Moreover, adolescents until the age of 21
years in Germany are often dtill either dependent on
foster/adoptive parents or living in institutionalized care with
someform of supervision. Hence, the entire research consortium
implemented a cutoff of 21 years. Further inclusion criteriaare
sufficient writing and reading skills in German based on
self-report and access to the internet via a desktop computer,
laptop, tablet, or other mobile device.
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Figure 1. Flowchart of the EMPOWER YOUTH randomized controlled trial.

Inclusion criteria:
-Youth in care or care leaver
- Aged 14 to 21 years

or other mobile device

- Sufficient writing and reading skills in German
- Access to the internet via a computer, laptop, tablet,

Exclusion criteria:

v

- Noinformed consent of a legal guardian when
younger than 16 years of age

Baseline assessment

Exclusion criteria:

A 4

v

- Acute suicidality (PHQ-9 item 9 >1)
- Severe depressive symptoms (PHQ-9 >15)

1:1 unblinded randomized allocation to two
conditions: intervention versus waiting list

Intervention condition

Y

Follow-up assessment
18 weeks after baseline
(3 months after program end)

Exclusion Criteria

Participants are excluded from the RCT when (1) acute child
endangerment is suspected; (2) they receive other psychosocial
approaches aimed at victimization or revictimization; (3) severe
depression symptoms are present as assessed via the Patient
Health Questionnaire-9 for Adolescents (PHQ-9) [32] (PHQ-9
>15 at baseline); and (4) suicide ideation (indicated by a score
of >1 on the suicidal thought item of the PHQ-9 at baseline) is
present. If participants score above 1 on the suicide item, a
further suicide screening will be conducted via telephone in
accordance with our safety protocol. If participants do not
provide a telephone number, either an email or letter by post
will be sent to make contact with the participants or their legal
guardians.

Intervention

Experimental Condition

The internet-based prevention program EMPOWER YOUTH
for adolescents and young adults has been developed to meet
the needs of youth in care and address severa risk factors of
victimization or revictimization. Youth in care who participate
are taught theory and skills to prevent victimization in
themselves and others. EMPOWER YOUTH promotes
knowledge of risk situations and consequences, and strategies
that help defend youth from victimization. After finishing the
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Waiting-list condition

Y

Follow-up assessment
18 weeks after baseline

program, the participants receive a certificate stating they are
EMPOWER Y OUTH coaches. The aspect of becoming acoach
and participating to help othersis emphasized during recruitment
and during the program participation. This program format was
chosen because the results of focus groupsindicated that youth
in care feel stigmatized receiving a program aimed specifically
at them as potential “victims.” This change of perspective, that
is, being a coach to help others rather than being victimized,
prevents youth in care from perceiving themselves as potential
victims due to the program, which would directly counteract
the aim of the project. The intervention includes various
multimedia features (videos, fictional audio recordings, and
writing exercises). Participants will be provided with a
personalized password-protected interface. Altogether, there
will be 6 modules, with an approximately 45-minute workload.
Mentors/psychol ogistswill provideindividual written feedback
within 2 working days, along with instructions for the next
module. The mentor contact should enhance compliance with
the program [33]. Participantswill receive up to three reminders
to complete a module.

Based on the existing literature and the evaluation of 3 focus
groups with adolescents and young adults in foster care, the 6
program modules focus on the following categories of
psychological risk factors: (1) emotion regulation, (2)
self-appraisal, (3) risk recognition, (4) offline risk recognition
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problems and coping with victimization or revictimization, and
(5) online risk recognition problems and coping with
victimization or revictimization. In all themodules, interpersonal
relatedness and prosocial behaviorsareindirectly addressed via
case descriptions and the accompanying exercises. The case
descriptions are partly derived from situations described by
youth in carein theinitial focus groups.

Inthefirst module“What'sup?’, participants receive knowledge
about emotions in a video (nhaming emotions; regulation of
emotions; and the connection between emotions, thoughts, and
actions/behaviors). They practice identifying emotions and
thoughtsin 2 case descriptions (presented as audio recordings)
and are asked to reflect on potential actionsthat could be taken
in the described situations. The module al so entails an exercise
on breathing, an exercise on formulating positive thoughts, and
awriting exercise in which the participants describe a difficult
biographical situation and identify their emotions, thoughts,
and actionsin that situation.

The second module “1 am okay, you are okay, we are okay,”
teaches participants about personal rights, diversity, and
self-worth in a video. This is followed by a multiple-choice
exercise, in which they identify the personal rights they have
recently used, and an exercise on self-care activities. The
participants practice identifying personal rights and personal
worth in 2 case descriptions, and are asked to reflect on actions
they could take as coaches to ensure these personal rights and
why these actions should be taken (eg, diversity and genera
worth). In another exercise, the participants are asked to reflect
on obstacles they have overcome, and on their uniqueness and
identity asaperson. Thisisfollowed by afinal writing exercise
in which participants are asked to write a letter to themselves
naming characteristics and past behaviors they are proud of.

In the third module “Stop!”, the participants learn about
recognizing (socia) risk situations based on different warning
signals. They are asked to reflect on the danger presented in 3
different case descriptions. Moreover, several different risk
behaviors are listed, and they are asked to rate how likely it is
that they would engage in these behaviors. In the final writing
exercise, participants are asked to describe arisk situation they
found themselvesin and to identify the different warning signals
they recognized or maybe missed.

After learning how to recognize risk situations, the fourth
module “Your limit” deals with effectively setting boundaries
in offline risk situations. Four case descriptions are used in this
module. The participants practice to differentiate between
behavior and emation, and to identify if these are passive,
aggressive, or assertive. In awriting exercise, they are asked to
reflect on an offline risk situation they found themselvesin; if
and how they set boundaries; and if thiswas passive, aggressive,
or assertive. Moreover, they are asked for advice for other
adolescents and young adults who could find themselves in
similar situations.

Thefifth module*“Likeand share?’ dealswith setting boundaries
inonlinerisk situations. The participants|earn about their rights
in online situations and how to legally collect evidence and set
boundaries. Four case descriptions are used. In a writing
exercise, participants are asked to reflect on the module and
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describe their own persona take-home message that they will
use to support othersin the future.

In the sixth and final module “You're the expert,” participants
areinvited tofill out 2 interactive quizzes. Thefirst quiz consists
of claimsand asksif these claims aretrue or false (knowledge).
The second quiz consists of 5 case descriptions, and participants
are asked what advice, as EMPOWER YOUTH coaches, they
havein these situations. Another relaxation method i s presented
to the participants. The final module endswith awriting exercise
inwhich the participants are asked to reflect on all the modules:
what do they take away from the program and what was most
important to them?

EMPOWER YOUTH can be accessed online [34]. The
development of a website, compatible with a wide variety of
electronical devices, such as desktop computers, |aptops, and
mobile phones with different operating systems, increases
program participation. The use of a mobile app would have
created an unwanted selection bias.

Control Condition

For ethical reasons, awaiting-list control group has been chosen.
A placebo comparator has not been chosen, because thereisno
evaluated similar intervention for this condition in this specific
population.

Concomitant Treatment

Additional treatments can be administered on entry into thetrial
or at any time during the study. These will be documented at
thefollow-up assessment as concomitant treatments on the case
report form of the participant. Concomitant treatments are
allowed in the intervention group as well as the control group
if they do not represent psychosocial approaches aimed at
victimization or revictimization. Examples of concomitant
treatments include individual psychotherapy, psychiatric
consultations, and activities that serve to strengthen
social-emotional, cognitive, or physical competencies.

Allocation

Randomization will take place after the baseline assessment.
The randomization procedure will be conducted by employees
at the University Hospital Aachen (part of the EMPOWERY OU
consortium), which will not beinvolved in thistrial otherwise.
Hereby, a blind randomization process is guaranteed.
Participantswill beinformed of their allocation statusviaemail
after baseline data collection is completed to assure that they
areblind to allocation during theinitial assessment. Participants
will be randomized into the following 2 groups:. intervention
group and waiting-list control group. The alocation ratio
between the 2 arms of the study is 1:1. After 18 weeks, a
follow-up assessment will take place. Each assessment lasts
approximately 45 minutes and is conducted online. For the
online assessments, the participants will receive an invitation
viaemail with anindividua identification code (subject number
and randomization number). This alows for data collection
without any direct identifiers.

Outcome M easures
The primary endpoint is assessed via a composite score of the
Bullying Screener [35] and the Juvenile Victimization
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Questionnaire (IVQ) [36]. The Bullying Screener is a 6-item
screening tool that assesses bullying asavictim and an offender.
After the respective definition of bullying type, children are
asked how often these things have happened to them or how
often they have donethisto othersin thelast 3 months. Children
then respond on a4-point scalefrom never to alot (at least once
aweek) [35]. The VQ is a validated screening questionnaire
including 34 offenses against youth and coversthe following 5
areas of concern: (1) conventiona crime, (2) child maltreatment,
(3) peer and sibling victimization, (4) sexua victimization, and
(5) witnessing and indirect victimization. It encompasses
follow-up questions that also assess the frequency and
perpetrators of the victimization events. Children are asked
whether they were exposed to the respective event in the past
3 months (time period adaptation for this study) and respond
with yes (1) or no (0), leading to a total score, with a higher
score indicating greater victimization exposure [36].

The secondary endpoints are risk-taking behavior, recognition
of problematic/dangerous situations, aggressive tendencies,
empathy, prosocial behaviors, depressiveness, posttraumatic
stress symptoms, and loneliness. The Adolescent Risk-taking
Questionnaire[37] will be used to measure risk-taking behaviors
and judgements. It consists of 2 sections. The first section of
the questionnaire measures adolescents’ judgements of riskiness
for 22 behaviors, and the second part measures adolescents
frequency in engaging in these behaviors. Judgement of riskiness
is made on a 5-point Likert scale, ranging from O (not at all
risky) to 4 (extremely risky). Participation in risky behavior
was also rated on a5-point Likert scale, ranging from O (never
done) to 4 (done very often). The total risk judgement scoreis
obtained by adding all theitems; ahigh score indicates astrong
judgement of riskiness for the behaviors listed in the
guestionnaire. The total risk behavior score is obtained by
adding the frequency rating of al the items; a high score
indicatesahigh level of participation in risky activity. Theitems
can bedivided into the following 4 major factors: thrill-seeking
risks, rebellious risks, reckless risks, and antisocial risks. The
Cronbach a coefficient for therisk judgement scaleis.97 (range
.86+.96) and for the behavior scale is .99 (range .87+.96). A
good test-retest reliability was found, with 1-week test-retest
reliability for risk judgement being 0.79 and for risk behavior
being 0.78 [37].

The following constructs will be assessed via 3 of the 4
subscales of the German Questionnaire for determining empathy,
prosocial behavior, and aggression (FEPAA) [38]. Thereisan
alternative version (versions A and B), and different versions
will be used at the 2 assessment points. Cronbach a varies
between .61 (prosocial behavior scale) and .79 (aggressive
tendencies scale) for version A, and between .57 (prosocia
behavior scale) and .77 (aggressive tendencies scale) for version
B. Reliability is 0.75 for version A and 0.66 for version B.
Overdll, 40 items of the original 55 will be assessed.

Depressiveness will be assessed with the PHQ-9 [32]. The
PHQ-9 is used to screen for the presence and severity of
depression and takes less than 3 minutes to complete. The
PHQ-9 achieved a Cronbach a of .89 among 3000 primary care
patients. The test-retest reliability was assessed by the
correlation between PHQ-9 scores obtained from in-person and
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phone interviews with the same patients. The correlation value
obtained was 0.84 [32].

Lonelinesswill be assessed viathe L oneliness Scale-SOEP [39],
which consists of 3 items with a 5-point rating scale. The a
coefficient of reliability obtained was .72 [39].

To assess the presence of any posttraumatic stress symptoms,
the 8-item version of the Child Revised Impact of Events Scale
[40] will be used. It consists of itemswith a4-point rating scale
and takes between 5 and 10 minutes to complete.

Statistical Analysis

An intention-to-treat design will be used. Missing data due to
study dropout will be handled using multiple imputation.
E-mental health programs for children, adolescents, and young
adults with the highest rate of completion were those with
therapist support, with dropout rates ranging from 13% to 17%
[33]. In our tria, we anticipate a dropout rate of 30% at
follow-up assessment, using a more conservative attrition rate
and following the results of our pilot feasibility study. At the
end of the trial, a dropout analysis will be conducted.

Primary Endpoint

The primary endpoint (number of victimizations 18 weeks after
randomization) will be analyzed by analysis of covariance
(ANCOVA) with baseline individual humber of victimization
scores, self-reported depression, severity of victimization (eg,
sexual abuse), and PTSD as covariates and intervention as a
factor. A significance level of 5% will be chosen. No interim
analysis is planned. Conservative missing value imputation
strategies will be performed if necessary.

Secondary Endpoints

Quasimetric scores of self-reported questionnaires will be
analyzed in an exploratory manner and will also be evaluated
by ANCOVA, if suitable, regarding the scale level and type of
distribution. Otherwise, they will be transformed to fulfill the
presuppositions of the method or will be analyzed by means of
nonparametric methods. For categorical secondary endpoints,
absolute and relative frequencies will be presented and tested
by the chi-square test or Fisher exact test, as appropriate. In
case significant treatment differences are observed between
both arms, potential predictors of beneficial treatment outcomes
(eg, sociodemographic or individual ones) will be identified
using multivariable analyses (eg, logistic regression models).
To investigate the predictors of beneficial protocol adherence
and dropout, logistic regression modelswill be applied. For all
primary and secondary endpoints, quartiles and, if suitable,
means and standard deviations will be reported for descriptive
purposes. Effect sizeswill be estimated and presented with 95%
Cls. Predictors of treatment outcome will be identified using
multivariable analyses. For secondary analyses, neither
adjustment for multiple testing nor imputation of missing values
is planned. Quartiles and, if suitable, means and standard
deviations will be reported for descriptive purposes.

Power

The expected outcome requires a sample size of 156 subjects
(a=.05, t test, 1-sided) to achieve a power of 80%. These
assumptions are based on the effects (d=0.40) of previously
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published studies [41] on follow-up change in the
revictimization composite score. Assuming a 30% dropout at
follow-up, we require 225 participants to be allocated to the
trial. In the middle of thetrial, the dropout rate will be assessed
in an interim evaluation, and in case of a higher dropout rate
than expected, the number of participants allocated to the trial
will beincreased accordingly.

Ethical Consider ations

The study has been approved by the Ethics Committee of the
Medical School Berlin (MSB-2021/55). Informed consent in
the study will be obtained from the participants before baseline
assessment viaadigital double opt-in method. For participants
under the age of 16 years, informed consent from a legal
guardian will be obtained before baseline assessment.
Participants have the possihility to leave the trial without any
disadvantage at any time. The trial will be conducted in
accordance with the Guidelines for Good Clinical Practice
(ICH-GCP), the Declaration of Helsinki (latest version), and
international and local laws. The study has been registered in
the German Clinical Trials Register (DRKS00024749).
Throughout the trial, participants will be identified solely by
means of an individual identification code (subject number and
randomization number). Electronic case report forms will be
stored in accordance with local data protection laws and will
be handled with the strictest confidence. The appropriate
regulations of local datalegislation (ie, European General Data
Protection Regulation [42]) will be fulfilled in its entirety.

Data Safety and Monitoring

Data Safety

Participantswill be deidentified, including the removal of direct
identifiers (eg, names and addresses) and indirect identifiers
(eg, occupation). Nonelectronic datawill be stored in alocked
filing cabinet at the university. These data will be kept for 10
years. Electronic data will be kept on 2 password-protected
servers only accessible by approved study staff members.

Data Monitoring and Auditing

An independent Data Safety Monitoring Board (DSMB) has
been established. The DSMB will provide additional oversight
on data safety, ethical procedures, and best clinical practice.
ThisDSMB isindependent of al investigators and the funding
agency, and no member of the DSMB has direct involvement
in the conduct of the study. The DSMB is composed of 3
researchers familiar with the area of the study. The type of
information monitored will include recruitment, number of
dropouts, and all adverse events, including study withdrawals.
The DSMB will receive recruitment and retention updates on
a regular basis. Before starting with the trial, a data safety
concept was devel oped and approved by the DSMB. No external
auditing is planned.

Stopping Rules
A participant may withdraw from the study at any time, at his
or her own request. Upon request, all collected data (ie, from
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the assessments and responses in the online program) will be
deleted. Theresponsibleinvestigator hasthe right to discontinue
the intervention for a participant who experiences one or more
of thefollowing incidents: (1) adverse eventsor serious adverse
events, particularly acute child endangerment or suicidal
tendency and (2) an unacceptable benefit/risk ratio. In case a
family member reports aversive experiences during the trial,
we will follow recommendations for the ethical treatment of
participants and provide referrals for services. In cases where
acute child endangerment is detected, we will report thisto the
appropriate services, and based on the recommendations from
the DSMB, we will halt study participation. However, youth in
care will till be able to complete the intervention if desired.
The responsible investigator has the right to discontinue the
whole tria, if information that affects the benefit/risk ratio of
thetrial emerges or if there are repeated serious adverse events
associated with the trial. In this case, the decision of stopping
thetrial will becommunicated to the DSMB and discussed with
all principal investigators of the EMPOWERY OU consortium.

Results

Ethical approval was granted by the Ethics Committee of the
Medical School Berlin in March 2021 (MSB-2021/55).
Recruitment started in September 2021 and is planned until
November 2022. The results are expected to be published in
January 2023.

Discussion

Given the increased likelihood of future victimization
experiences among youth in care, there is a strong need for a
low-threshold intervention specifically for this high-risk age
group. So far, there are no existing nation-wide mental health
programs exclusively for youth in care in Germany. If the
efficacy of the prevention program EMPOWER YOUTH is
identified in the RCT, a widespread implementation and
dissemination process is planned. Stakeholders have been
involved in the developmental phase and will consequently be
informed of the RCT results via nontechnical briefs, symposia,
conference presentations, and publications. Moreover, as part
of the integrated knowledge translation, social media channels
will post regular updates on the project. Providing knowledge
to child welfare workers, social workers, medical doctors, and
psychotherapists about the issue of victimization will support
the implementation of EMPOWER YOUTH as a potential
prevention program. Thiswill ultimately improve thewell-being
of youth in care and prevent the need for more intensive and
costly service utilization for youth in care. The future use of
EMPOWER YOUTH could be seen under the Prevention Act,
an initiative to promote health. Health insurance could support
the continuation of the prevention program after the end of
funding.

https://www.researchprotocol s.org/2022/6/€34706

JMIR Res Protoc 2022 | vol. 11 | iss. 6 | €34706 | p.23
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Wagner et al

Conflictsof Interest
None declared.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Desmond C, Watt K, Saha A, Huang J, Lu C. Prevalence and number of childrenliving ininstitutional care: global, regional,
and country estimates. The Lancet Child & Adolescent Health 2020 May;4(5):370-377. [doi: 10.1016/s2352-4642(20)30022-5]
Ausgaben, Einrichtungen und Personal in der Jugendhilfe. Erzieherische Hilfen und sonstige Leistungen. Kinder- und
Jugendhilfein Deutschland. Destatis. URL: https.//www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Soziales/
Kinderhilfe-Jugendhilfe/Tabellen/erzieherische-hilfen.html [accessed 2022-06-02]

Bilaver LA, Havlicek J, DavisMM. Prevalence of special health care needs among foster youth in anationally representative
survey. JAMA Pediatr 2020 Jul 01;174(7):727-729 [FREE Full text] [doi: 10.1001/jamapediatrics.2020.0298] [Medline:
32391875]

VasilevaM, Petermann F, Nitkowski D, Petermann U. Den transgenerational en Kreislauf der Gewalt durchbrechen. Kindheit
und Entwicklung 2018 Apr;27(2):91-101. [doi: 10.1026/0942-5403/a000249]

Taussig HN. Risk behaviors in maltreated youth placed in foster care: alongitudinal study of protective and vulnerability
factors. Child Abuse & Neglect 2002 Nov;26(11):1179-1199. [doi: 10.1016/s0145-2134(02)00391-5]

Cyr C, Euser EM, Bakermans-Kranenburg M J, Van ljzendoorn MH. Attachment security and disorganizationin maltreating
and high-risk families: A series of meta-analyses. Dev Psychopathol 2010 Jan 26;22(1):87-108. [doi:
10.1017/50954579409990289]

Svoboda DV, Shaw TV, Barth RP, Bright CL. Pregnancy and parenting among youth in foster care: A review. Children
and Youth Services Review 2012 May;34(5):867-875. [doi: 10.1016/j.childyouth.2012.01.023]

Stevens SB, Brice CS, Ale CM, Morris TL. Examining depression, anxiety, and foster care placement as predictors of
substance use and sexual activity in adolescents. Journal of Social Service Research 2011 Oct;37(5):539-554. [doi:
10.1080/01488376.2011.608338]

Soler-Baillo JIM, Marx BP, Sloan DM. The psychophysiological correlates of risk recognition among victims and non-victims
of sexual assault. Behav Res Ther 2005 Feb;43(2):169-181. [doi: 10.1016/].brat.2004.01.004] [Medline: 15629748]
Bockers E, Roepke S, Michael L, Renneberg B, Knaevelsrud C. Risk recognition, attachment anxiety, self-efficacy, and
state dissociation predict revictimization. PLoS One 2014 Sep 19;9(9):€108206 [FREE Full text] [doi:

10.1371/journal .pone.0108206] [Medline: 25238153]

Brénnstrom L, Vinnerljung B, Hjern A. Outcomes in adulthood after long-term foster care: A sibling approach. Child
Maltreat 2020 Nov 21;25(4):383-392. [doi: 10.1177/1077559519898755] [Medline: 31960707]

Humphreys KL, Guyon-Harris KL, Tibu F, Wade M, Nelson CA, Fox NA, et al. Psychiatric outcomes following severe
deprivation in early childhood: Follow-up of arandomized controlled trial at age 16. J Consult Clin Psychol 2020
Dec;88(12):1079-1090 [FREE Full text] [doi: 10.1037/ccp0000613] [Medline: 33370132]

Hambrick EP, Oppenheim-Weller S, N'zi AM, Taussig HN. Mental health interventions for children in foster care: A
systematic review. Child Youth Serv Rev 2016 Nov;70:65-77 [FREE Full text] [doi: 10.1016/j.childyouth.2016.09.002]
[Medline: 28496286]

Bergstrom M, Cederblad M, Hakansson K, Jonsson AK, Munthe C, Vinnerljung B, et al. Interventions in foster family
care: A systematic review. Research on Social Work Practice 2019 Feb 28;30(1):3-18. [doi: 10.1177/1049731519832101]
Dozier M, Peloso E, Lindhiem O, Gordon MK, Manni M, Sepulveda S, et al. Devel oping evidence-based interventions for
foster children: An example of arandomized clinical trial with infants and toddlers. J Social 1ssues 2006 Dec;62(4):767-785.
[doi: 10.1111/j.1540-4560.2006.00486.X]

LinaresLO, Montato D, Li M, OzaVS. A promising parenting intervention in foster care. Journal of Consulting and
Clinical Psychology 2006 Feb;74(1):32-41. [doi: 10.1037/0022-006x.74.1.32]

PowersLE, Geenen S, PowersJ, Pommier-Satya S, Turner A, Dalton LD, et al. My Life: Effectsof alongitudinal, randomized
study of self-determination enhancement on the transition outcomes of youth in foster care and special education. Children
and Youth Services Review 2012 Nov;34(11):2179-2187. [doi: 10.1016/j.childyouth.2012.07.018]

DePrince AR, Chu AT, Labus J, Shirk SR, Potter C. Testing two approachesto revictimization prevention among adol escent
girlsinthe child welfare system. JAdolesc Health 2015 Feb;56(2 Suppl 2):S33-S39. [doi: 10.1016/j.jadoheal th.2014.06.022]
[Medline: 25620452]

Marx BR, Calhoun KS, Wilson AE, Meyerson LA. Sexual revictimization prevention: An outcome evaluation. Journal of
Consulting and Clinical Psychology 2001;69(1):25-32. [doi: 10.1037/0022-006x.69.1.25]

Hill M, Vernig PM, Lee K, Brown C, Orsillo SM. The devel opment of abrief acceptance and mindful ness-based program
aimed at reducing sexual revictimization among college women with a history of childhood sexual abuse. J Clin Psychol
2011 Sep 04;67(9):969-980. [doi: 10.1002/jclp.20813] [Medline: 21544818]

Peskin MF, Markham CM, Shegog R, Baumler ER, Addy RC, Temple JR, et al. Adolescent Dating Violence Prevention
Program for Early Adolescents: The Me & You Randomized Controlled Trial, 2014-2015. Am J Public Health 2019
Oct;109(10):1419-1428. [doi: 10.2105/ajph.2019.305218]

https://www.researchprotocols.org/2022/6/e34706 JMIR Res Protoc 2022 | vol. 11 | iss. 6 | €34706 | p.24

(page number not for citation purposes)


http://dx.doi.org/10.1016/s2352-4642(20)30022-5
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Soziales/Kinderhilfe-Jugendhilfe/Tabellen/erzieherische-hilfen.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Soziales/Kinderhilfe-Jugendhilfe/Tabellen/erzieherische-hilfen.html
http://europepmc.org/abstract/MED/32391875
http://dx.doi.org/10.1001/jamapediatrics.2020.0298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32391875&dopt=Abstract
http://dx.doi.org/10.1026/0942-5403/a000249
http://dx.doi.org/10.1016/s0145-2134(02)00391-5
http://dx.doi.org/10.1017/s0954579409990289
http://dx.doi.org/10.1016/j.childyouth.2012.01.023
http://dx.doi.org/10.1080/01488376.2011.608338
http://dx.doi.org/10.1016/j.brat.2004.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15629748&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0108206
http://dx.doi.org/10.1371/journal.pone.0108206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25238153&dopt=Abstract
http://dx.doi.org/10.1177/1077559519898755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31960707&dopt=Abstract
http://europepmc.org/abstract/MED/33370132
http://dx.doi.org/10.1037/ccp0000613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33370132&dopt=Abstract
http://europepmc.org/abstract/MED/28496286
http://dx.doi.org/10.1016/j.childyouth.2016.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28496286&dopt=Abstract
http://dx.doi.org/10.1177/1049731519832101
http://dx.doi.org/10.1111/j.1540-4560.2006.00486.x
http://dx.doi.org/10.1037/0022-006x.74.1.32
http://dx.doi.org/10.1016/j.childyouth.2012.07.018
http://dx.doi.org/10.1016/j.jadohealth.2014.06.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25620452&dopt=Abstract
http://dx.doi.org/10.1037/0022-006x.69.1.25
http://dx.doi.org/10.1002/jclp.20813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21544818&dopt=Abstract
http://dx.doi.org/10.2105/ajph.2019.305218
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Wagner et al

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Wagner B, Maercker A. Psychotherapie im Internet — Wirksamkeit und Anwendungsbereiche. Psychotherapeutenjournal
2011;10(1):34-43. [doi: 10.5167/uzh-49734]

Vigerland S, Lenhard F, Bonnert M, Lalouni M, Hedman E, Ahlen J, et al. Internet-delivered cognitive behavior therapy
for children and adolescents: A systematic review and meta-analysis. Clin Psychol Rev 2016 Dec;50:1-10 [FREE Full text]
[doi: 10.1016/j.cpr.2016.09.005] [Medline: 27668988]

Simon N, Robertson L, Lewis C, RobertsN, Bethell A, Dawson S, et al. Internet-based cognitive and behavioural therapies
for post-traumatic stress disorder (PTSD) in adults. Cochrane Database Syst Rev 2021 May 20;5(5):CD011710 [FREE Full
text] [doi: 10.1002/14651858.CD011710.pub3] [Medline: 34015141]

Buttazzoni A, Brar K, Minaker L. Smartphone-based interventions and internalizing disordersin youth: Systematic review
and meta-analysis. JMed Internet Res 2021 Jan 11;23(1):€16490 [ FREE Full text] [doi: 10.2196/16490] [Medline: 33427682]
Khan K, Hall CL, Davies EB, Hollis C, Glazebrook C. The effectiveness of web-based interventions delivered to children
and young people with neurodevelopmental disorders: Systematic review and meta-analysis. JMed Internet Res 2019 Nov
01;21(11):e13478 [FREE Full text] [doi: 10.2196/13478] [Medline: 31682573]

Buscher R, Torok M, Terhorst Y, Sander L. Internet-Based Cognitive Behavioral Therapy to Reduce Suicidal Ideation: A
Systematic Review and Meta-analysis. JAMA Netw Open 2020 Apr 01;3(4):€203933 [FREE Full text] [doi:
10.1001/jamanetworkopen.2020.3933] [Medline: 32343354]

Andersson G, Wagner B, Cuijpers P. ICBT for Depression. In: Lindefors N, Andersson G, editors. Guided Internet-Based
Treatmentsin Psychiatry. Cham: Springer; 2016:17-32.

Wagner B, Horn AB, Maercker A. Internet-based versus face-to-face cognitive-behavioral intervention for depression: a
randomized controlled non-inferiority trial. J Affect Disord 2014 Jan;152-154:113-121. [doi: 10.1016/j.jad.2013.06.032]
[Medline: 23886401]

Chan A, Tetzlaff IM, Altman DG, LaupacisA, Ggtzsche PC, Krleza-Jeri¢ K, et al. SPIRIT 2013 statement: defining standard
protocol items for clinical trials. Ann Intern Med 2013 Feb 05;158(3):200-207 [FREE Full text] [doi:
10.7326/0003-4819-158-3-201302050-00583] [Medline: 23295957]

Richtlinie des Gemeinsamen Bundesausschusses tiber die Durchfiihrung der Psychotherapie (Psychotherapie-Richtlinie).
Gemeinsamer Bundesausschuss. URL : https.//www.g-ba.de/downl 0ads/62-492-2400/PT-RL _2020-11-20 iK-2021-02-18.
pdf [accessed 2022-06-02]

Kroenke K, Spitzer RL, Williams JBBW. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med
2001 Sep;16(9):606-613 [FREE Full text] [doi: 10.1046/].1525-1497.2001.016009606.x] [Medline: 11556941]
Struthers A, Charette C, Bapuji SB, Winters S, Ye X, Metge C, et al. The acceptability of e-mental health services for
children, adolescents, and young adults: A systematic search and review. Canadian Journal of Community Mental Health
2015 Jul 01;34(2):1-21. [doi: 10.7870/cjcmh-2015-006]

EMPOWER YOUTH. URL: https://www.empower-youth.de/ [accessed 2022-06-10]

Wolke D, Lereya ST. Long-term effects of bullying. Arch Dis Child 2015 Sep 10;100(9):879-885 [FREE Full text] [doi:
10.1136/archdischild-2014-306667] [Medline: 25670406]

Finkelhor D, Hamby SL, Ormrod R, Turner H. The Juvenile Victimization Questionnaire: reliability, validity, and national
norms. Child Abuse Negl 2005 Apr;29(4):383-412. [doi: 10.1016/j.chiabu.2004.11.001] [Medline: 15917079]

Gullone E, Moore S, Moss S, Boyd C. The adolescent risk-taking questionnaire. Journal of Adolescent Research 2016 Jul
25;15(2):231-250. [doi: 10.1177/0743558400152003]

Lukesch H. FEPAA. Fragebogen zur Erfassung von Empathie, Prosozialitit, Aggressionsbereitschaft und aggressivem
Verhalten. Gottingen: Hogrefe; 2006.

Hughes ME, Waite LJ, Hawkley LC, Cacioppo JT. A short scale for measuring loneliness in large surveys: Results from
two population-based studies. Res Aging 2004 Aug 19;26(6):655-672 [ FREE Full text] [doi: 10.1177/0164027504268574]
[Medline: 18504506]

Perrin S, Meiser-Stedman R, Smith P. The Children’'s Revised Impact of Event Scale (CRIES): Validity as a screening
instrument for PTSD. Behav. Cogn. Psychother 2005 Oct 14;33(4):487-498. [doi: 10.1017/S1352465805002419]

Lee S, Kim C, Kim DH. A meta-analysis of the effect of school-based anti-bullying programs. J Child Health Care 2015
Jun 03;19(2):136-153. [doi: 10.1177/1367493513503581] [Medline: 24092871]

Regulation (EU) 2016/679 of the European parliament and of the council on the protection of natural persons with regard
to the processing of personal data and on the free movement of such data, and repealing Directive 95/46/EC (General Data
Protection Regulation). The European Parliament and the Council of the European Union. 2016. URL : https://eur-lex.
europa.eu/legal-content/EN/TXT/PDF/2uri=CEL EX:32016R0679 [accessed 2022-06-02]

Abbreviations

ANCOVA: analysis of covariance

DSMB: Data Safety Monitoring Board

JVQ: Juvenile Victimization Questionnaire

PHQ-9: Patient Health Questionnaire-9 for Adolescents

https://www.researchprotocols.org/2022/6/e34706 JMIR Res Protoc 2022 | vol. 11 | iss. 6 | €34706 | p.25

(page number not for citation purposes)


http://dx.doi.org/10.5167/uzh-49734
https://linkinghub.elsevier.com/retrieve/pii/S0272-7358(15)30090-8
http://dx.doi.org/10.1016/j.cpr.2016.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27668988&dopt=Abstract
http://europepmc.org/abstract/MED/34015141
http://europepmc.org/abstract/MED/34015141
http://dx.doi.org/10.1002/14651858.CD011710.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34015141&dopt=Abstract
https://www.jmir.org/2021/1/e16490/
http://dx.doi.org/10.2196/16490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427682&dopt=Abstract
https://www.jmir.org/2019/11/e13478/
http://dx.doi.org/10.2196/13478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682573&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.3933
http://dx.doi.org/10.1001/jamanetworkopen.2020.3933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32343354&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2013.06.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23886401&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-158-3-201302050-00583?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295957&dopt=Abstract
https://www.g-ba.de/downloads/62-492-2400/PT-RL_2020-11-20_iK-2021-02-18.pdf
https://www.g-ba.de/downloads/62-492-2400/PT-RL_2020-11-20_iK-2021-02-18.pdf
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2001&volume=16&issue=9&spage=606
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11556941&dopt=Abstract
http://dx.doi.org/10.7870/cjcmh-2015-006
https://www.empower-youth.de/
http://adc.bmj.com/lookup/pmidlookup?view=long&pmid=25670406
http://dx.doi.org/10.1136/archdischild-2014-306667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25670406&dopt=Abstract
http://dx.doi.org/10.1016/j.chiabu.2004.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15917079&dopt=Abstract
http://dx.doi.org/10.1177/0743558400152003
http://europepmc.org/abstract/MED/18504506
http://dx.doi.org/10.1177/0164027504268574
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18504506&dopt=Abstract
http://dx.doi.org/10.1017/S1352465805002419
http://dx.doi.org/10.1177/1367493513503581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24092871&dopt=Abstract
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0679
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0679
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Wagner et al

PTSD: posttraumatic stress disorder
RCT: randomized controlled trial

Edited by T Leung; submitted 04.11.21; peer-reviewed by J Trevino, JM Suelves, comments to author 20.01.22; revised version
received 10.03.22; accepted 12.04.22; published 14.06.22.

Please cite as.

Wagner B, Reuter L, van Noort BM

Internet-Based Prevention Program of Victimization for Youth in Care and Care Leavers (EMPOWER YOUTH): Protocol for a
Randomized Controlled Trial

JMIR Res Protoc 2022;11(6):€34706

URL: https.//www.researchprotocols.org/2022/6/e34706

doi: 10.2196/34706

PMID: 35700035

©Birgit Wagner, Laurence Reuter, Betteke Maria van Noort. Originaly published in JMIR Research Protocols
(https://lwww.researchprotocols.org), 14.06.2022. 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, a link to the original publication on https.//www.researchprotocols.org, as well as this
copyright and license information must be included.

https://www.researchprotocols.org/2022/6/e34706 JMIR Res Protoc 2022 | vol. 11 | iss. 6 | €34706 | p.26
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2022/6/e34706
http://dx.doi.org/10.2196/34706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35700035&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Gosak et a

Protocol

The Impact of Mobile Health Use on the Self-care of Patients With
Type 2 Diabetes: Protocol for a Randomized Controlled Trial

Lucija Gosak*, MSc; Majda Pajnkihar', PhD; Gregor Stiglic', PhD

Faculty of Health Sciences, University of Maribor, Maribor, Slovenia

Corresponding Author:
Lucija Gosak, MSc

Faculty of Health Sciences
University of Maribor
Zitna 15

Maribor, 2000

Slovenia

Phone: 386 2300 47 35
Email: |ucija.gosak2@um.si

Abstract

Background: Chronic diseases are a substantial public health issue worldwide and affect an individual’s quality of life. Due to
theaarming risein type 2 diabetes, health care that was primarily focused on diagnosis and treatment of the diseaseisincreasingly
focused on prevention and self-care. Patients who adhere to a constant and strict treatment regimen (physical activity, diet,
medication) and regularly monitor their health are more likely to maintain self-care and health, prevent the exacerbation of the
disease, and avoid the complications of diabetes (retinopathy, diabetic feet, etc). In recent years, many innovative devices that
have becomeincreasingly present in inpatient health care, such as mobile apps, are avail able to help patients maintain consistency
in monitoring their health status. Maobile apps make it easier for individuals to monitor their self-care and illness and follow
instructions regarding disease control.

Objective: This study aims to determine the impact of mobile app use on self-care in patients with type 2 diabetes. We will
evaluate and test the usefulness of the forDiabetes app as atool to improve the self-care of individuals with type 2 diabetes.

Methods: We will perform a double-blind randomized controlled trial. The study will include individuals aged over 18 years
diagnosed with or have regulated type 2 diabetes who are treated in family medicine practices. Additionally, the individuals
included in the study should not have any acute complications due to the consegquences of type 2 diabetes. They will use an
Android or iOS mobile phone and a blood glucose meter during the investigation. With the help of simple randomization,
individuals will be divided into the intervention and control groups. Individualsin theintervention group will use the for Diabetes
mobile app to monitor their self-carefor type 2 diabetes. Individualsin the control group will not receive a particular intervention.
Datawill be collected using the Self-care of Diabetes Inventory questionnaire and Brief |11ness Perception Questionnaire. Blood
sugar, blood pressure, glycated hemoglobin (HbA ), and weight measurements will be monitored using calibrated instruments
during the study by the nurses employed at the family medicine practice. Datawill be collected at the beginning of the study and
after a patient visits the family medicine practice.

Results: Inthefirst half of 2020, we have prepared a trandation of the mobile app that will be used by the participants of the
intervention group, aswell asmore detailed instructions for using the app. We have al so prepared atransl ation of the questionnaires
in Slovene. The research results will be published in 2023.

Conclusions: This research contributes to greater visibility and usability of mobile apps for the self-care of patients with type
2 diabetes and raises awareness of the possible use of innovative methods.

Trial Registration: Clinicaltrials.gov NCT04999189; https:.//clinicaltrials.gov/ct2/show/NCT04999189
International Registered Report Identifier (IRRID): PRR1-10.2196/31652

(JMIR Res Protoc 2022;11(6):€31652) doi:10.2196/31652
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Introduction

Background

Type 2 diabetes is a complex chronic disease [1,2] with an
enormous global burden that has substantial implications for
human hedlth [3]. The consequences of the disease cause
substantial economic and social responsibilities [4] and pose a
growing public health problem [5,6]. Preventing and limiting
the progression of the disease is an urgent task worldwide [7]
and remains an important challenge for individual s and society
[8]. The self-care of type 2 diabetes is key to containing the
disease [9,10], reducing disease complications, and improving
quality of life[11]. By supporting patients with type 2 diabetes
in healthier self-care behaviors, we can influence the outcome
of the disease [5]. The constant monitoring of diabetes and
lifestyle factors can contribute to better heath [12]. Many
complications are the result of uncontrolled disease [13].

The current COVID-19 pandemic affects the direction of and
interrupts health care, disrupting long-term conditionsincluding
type 2 diabetes [14,15]. The need of self-care for patients with
type 2 diabetes is increasingly present [16]; therefore, mobile
technol ogy has become an essential tool for promoting self-care
[17]. The optimal use of mobile technologies is necessary to
achieve benefits and optimal cost efficiency [18]. A mobile app
strengthens self-care and contributes to better information, health
education, and self-confidence in dealing with the disease [19].
Knowledge of mobile apps has been identified as an essential
factor enabling independent disease management and self-care
[20]. The use of new technology is one way to bridge the gap
between patient needs and providing health care[21]. A mobile
health app for patients with type 2 diabetes affects their
knowledge of the disease, improves blood glucose control [22],
and positively affects self-care [23]. In the future, mobile apps
will represent an essential part of the health care system, so
researchinthisareaisneeded [24]. M obile apps show potential
for disseminating self-care education [4]; improving motivation
[25], disease symptom management, and patient experience
[26-28]; hel ping patientswith strict trestment requirements[29]
and the adoption of a healthy lifestyle [30]; and reducing care
costs [31-33].

As a guide to the self-care of individuals with type 2 diabetes
using the mobile app, we will use the Middle-Range Theory of
Self-Care of Chronic Iliness. Self-careisageneral concept built
from 3 key ideas. self-care maintenance, monitoring, and
management. Maintaining self-sufficiency (or self-care
maintenance) refers to an individual’s behaviors to improve
well-being and maintain hedth and stability. Self-care
monitoring refers to the process of observing oneself due to
changes in signs and symptoms. Self-care management is
defined as responding to signs and symptoms when they occur
[34,35].

Objectives and Hypotheses

Objective 1 is to assess the impact of using the mobile app on
the assessment of patient self-care. Hypothesis 1 states that in
the intervention group of patients with type 2 diabetes, the
self-sufficiency assessment at thefirst control visit will increase
compared to the control group that did not use the mobile app.

https://www.researchprotocol s.org/2022/6/e€31652
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Objective 2 isto assess the impact of mobile app use on disease
perception. Hypothesis 2 states that in the intervention group
of patients with type 2 diabetes, perception at the first control
visit will improve compared to the control group that did not
use the mobile app.

Objective 3 isto assess the impact of mobile app use on blood
sugar and HbA,. levels. Hypothesis 3 states that in the
intervention group of patientswith type 2 diabetes, blood sugar
and HbA .. levelsat thefirst control visit will decrease compared
to the control group that did not use the mobile app.

Objective 4 isto assess the impact of using the mobile app on
the patient's body weight. Hypothesis 4 states that in the
intervention group of patients with type 2 diabetes, the body
weight at the first control visit will decrease compared to the
control group that did not use the mobile app.

Objective 5 is to assess the impact of mobile app use on the
patient’s blood pressure values. Hypothesis 5 states that in the
intervention group of patients with type 2 diabetes, the blood
pressure value at the first control visit will decrease compared
to the control group that did not use the mobile app.

Methods

Randomized Controlled Trial Design

To determine the effectiveness of using the mobile app on the
self-care of patients with diabetes, we will conduct a
double-blind randomized controlled trial. The study will include
people aged over 18 years diagnosed with type 2 diabetes who
aretreated in family medicine practicesin Slovenia. It will also
include patients who have aready been given some form of
treatment to manage the disease and do not have chronic
complications due to the disease (retinopathy, diabetic foot,
nephropathy, neuropathy, etc). Wewill ensure this by receiving
information on the patient’s health status from the medical staff.
The patientswill use a mobile phone and ablood glucose meter
during the research period. Individualswill use the for Diabetes
[36] mobile app in the intervention group. forDiabetes [36] is
an existing app designed for diabetes self-care and allows the
tracking and monitoring of crucial diabetes data (physical
activity; high-carbohydrate foods consumed; blood glucose,
blood pressure, and HbA . levels; weight; medications; etc).
Before selecting the mobile app, its quality was assessed by 2
nurses using the Mobile Application Rating Scale: user version
[37]. The mobile app was rated as high quality and suitable for
patients (mean 4.54, SD 0.33; on asca e out of 5) by the nurses.
In accordance with the American Association of Diabetes
Educators, we also assessed whether the mobile app includes
self-care behaviors [38]. The mobile app contains behaviors
from the awareness of the social determinants of health,
integration of technology into self-care, and role of the diabetes
care and education specialist.

In the control group, individuals will not use any diabetes
technol ogiesto guide the self-care of their disease, but they will
be using ablood glucose meter. The control group patientswill
manage their disease as before and attend scheduled checkups.
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Before the start of the study and at the follow-up visit to the
family medicine practice after using the mobile app, we will
perform assessments of self-care and disease perception using
the Self-care of Diabetes Inventory (SCODI) [39] and Brief
I1Iness Perception Questionnaire (Brief 1PQ) [40] instruments,
respectively. A nurse employed at the family medicine practice
will also monitor blood sugar, blood pressure, and glycated
hemoglobin (HbA,.) levelsand body weight in the intervention
and control groups with standardized, validated instruments.
Thenursewill usethe standardized calibration devices according
to the guidelines for each measurement. Data will be recorded
at each inspection. We will also collect the data that the patients
will enter daily into the mobile app (physical activity;
high-carbohydrate foods consumed; blood glucose, blood
pressure, and HbA . levels, weight; medication; etc) in red
time.

The research will be carried out in family medicine practices
where individuals with type 2 diabetes are treated throughout

Gosak et al

Slovenia. The study will cover at least one private and one
public family medicine practice from each regional unit in
Slovenia. We will use a simple randomized approach to select
thefamily medicine practicesfor cooperation from apreprepared
list of family medicine practices. Before conducting the research,
wewill obtain the necessary consent from all institutionswhere
the study will take place to enter the family medicine practices.
We will also get the required permits from the individuals
involved. At the beginning of the randomized controlled trial,
we will obtain the written or oral consent of the institutions to
participate in the research and enter their environment. The
institutionswill be provided with all necessary information and
the research purpose. In the introductory part of the research,
the participantsin the study will beinformed about the purpose
and goal of the study, ensuring the anonymity of the participants,
the voluntary nature of participation, and the possibility of
withdrawing from participation. The survey will run for 1 year.
Figure 1 presentsagraphical illustration of the research process.

Figure 1. Protocol for conducting a randomized controlled trail. HbA ¢ glycated hemoglobin.
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Mobile App Trandation

The mobile app for Diabetes [36] includesthe required self-care
behaviors according to the American Association of Diabetes
Educators [38] and is suitable for maintaining self-care in
individuals with type 2 diabetes. Before starting the research,
we have obtained written consent to use the mobile app.
forDiabetes[36] isan existing app translated from English into
Slovene before the research was conducted. The text was
translated by 2 researchers who have the necessary knowledge
in self-care and English. In the case of wording deviations, there
was adiscussion between theresearchersto find a Sloveneword
as close as possible to the meaning of the English word and
used as professional terminology in the Slovenian language.

Randomization and Blinding

Through simple randomization, the participantswill be divided
into the intervention and control groups, thus providing all
participants with the same opportunity to be selected into any
group in the study [41]. The randomization process will be
blinded, asthiswill avoid the possibility of choice bias[42,43].
Blinded group assignment will be enabled using a group
assignment software, which will alow a general random
selection of the individual groups. The researcher involved in
the randomi zation process and the patients themselves will not
know to which group the patients were assigned. The medical
staff will be informed about the start of the research and use of
the mobile app by theindividualsin theintervention group. The
only difference between the intervention and control groups
will be the use of the forDiabetes [36] mobile app, which the
intervention group will use from the beginning of the study until
the first control visit. Both groups will receive instruction
regarding type 2 diabetes and the related self-care.

Data Collection

Theinitial part of the questionnaire consists of questions about
the patient’s demographic dataand data on the patient’s support
from the medical staff. The first part of the questionnaire will
cover the assessment of self-care. Self-carein patientswith type
2 diabetes will be assessed using the SCODI instrument [39].
Thetool consists of 40 assumptions classified into 4 dimensions:
self-care maintenance (12  assumptions), self-care
implementation (8 assumptions), self-care monitoring (9
assumptions), and self-confidence (11 assumptions). The
instrument is assessed using aLikert scale, where ahigher score
represents better self-care [39]. We will also use the Brief 1PQ
scale[40] to assess disease perception. The questionnairerapidly
assesses disease perception and measuresthe patients’ cognitive
and emotional representations of their disease. The questionnaire
contains 8 questions graded on a 10-point scale and 1
open-ended question. There are 5 questions that assess the
cognitive perceptions of the disease: consequences (point 1),
timeline (point 2), personal control (point 3), treatment control
(point 4), and identity (point 5); 2 questions that assess
emotional representation: care (point 6) and emotions (point 8);
and 1 question that estimates the comprehensibility of the
disease (point 7). The assessment of causal representation is
based on an open response that requires the patientsto indicate
the 3 most important causal factors in their disease (point 9)
[40Q]. The nurses employed at the family medicine practiceswill
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use standardized, calibrated devices according to the guidelines
to measure blood sugar, blood pressure, and HbA . levels and

body weight. Datawill be recorded at each control check.

Thequestionnairesweretrans ated using the reversetrand ation
method into English. Thisensured the adequacy and consistency
of the trandated questionnaire. It was first trandated from
English into Sloveneindependently by 2 translators. One of the
trandlators involved had expertisein nursing, and the other had
the necessary knowledge of the standard English language.
Thus, we obtained 2 trandation versions, which were merged
in the next step through review and consultations. In the last
step, 2 expertswith the necessary English knowledgetrandated
a standard Slovenian questionnaire into English and combined
it into a familiar form. Thus, we obtained 2 trandated
guestionnairesin English, which we subsequently incorporated
into a standard format [44,45]. The fina version of this
trandated questionnaire will need to be preconfirmed and tested
on asmall sample, and the subsequent correctionswill be tested
on a large representative sample of respondents [46]. We will
carry out the validation of the questionnaire. To analyze the
reliability of the questionnaire, we will calculate Cronbach a
and perform confirmatory factor analysis. Cronbach o measures
intrinsic reliability among multiple elements and assesses how
reliable the questionnaire responses are [47]. If the Cronbach
o valueislow (closeto 0), it meansthat someor al of theitems
do not measure the same dimension [47-49]. The content
validation process will consist of the following steps: the
preparation of a content review form, selection of an expert
review team, implementation of content review, review of
domainsand elements, determination of therating for eachitem,
and calculation of Content Validity Index (CVI1) [50]. The
content validity will be assessed by a nurse employed at the
family medicine practice with knowledge of type 2 diabetes
self-care. To assessthe substantive validity of the questionnaire,
we will use the index of substantive validity for individual
statements (Item-CV 1) and the entire questionnaire (Scal e-level
CVI). Wewill use a4-point scalefor evaluation [50]. Item-CV |
results higher than 0.78 from 3 or more expertsin ng an
individual statement represent good substantive validity [51].
Scale-level CVI results of 0.80 or more indicate good
substantive validity [52].

Inclusion Criteria

A randomized controlled trial will be conducted in family
medicine practices where individuals with type 2 diabetes are
treated throughout Slovenia. There are 10 regiona units of the
Health Insurance Institute of Slovenia, with 241 private and
656 public health ingtitutions [53]. The research will cover 1
family medicine practice from each regional unit. According to
the data from January to September 2018, there were 28,593
treatments of individuals in connection with type 2 diabetes
conducted in family medicine practices [54]. This number was
used to calculate the sample size, which was calculated using
a sample size calculator (Raosoft) [55] that has been used in
many similar health research studies [56-59]. We used a power
analysis and entered the necessary data with a 95% error rate
and 5% confidence level. The required minimum sample size
is 380 participants. We will include individuals aged over 18
years with type 2 diabetes who have aready been given
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treatment. Additionally, there should be no acute complications
due to the conseguences of type 2 diabetes in the individuals
included in the study. They must use amobile phone and ablood
glucose meter during the research period.

Statistical Analysis

The samplewill be described with descriptive statistics, and the
explanatory variables will be presented with frequencies and
percentages. In contrast, the numerical variables will be
presented with the mean value, SD, and minimum and maximum
values. To test the relationship between different variables, we
will use the Mann-Whitney U test in the case of an uneven
distribution of variables or the t test of independent samplesin
an even distribution of variables. The significancelevel of a=.05
will test the hypotheses.

Ethics Approval

We received permission from The Republic of SloveniaNational
Medica Ethics Committee (03/5R-2021) for the primary
research. We will also obtain the necessary consent from all
institutions and participants in a randomized controlled trial.
We will obtain permits from the institutions to enter the family
medicine practices to conduct the research. We will also obtain
consent from the participants to participate in the study. Before
starting the analysis, we received written authorization to use
the mobile app forDiabetes [36]. We also obtained permission
from the authors to use and trandl ate the questionnaires SCODI
[39] and Brief 1PQ [40Q]. Intheintroductory part of the research,
the research participants will be acquainted with the purpose
and goal of the study, ensuring the anonymity of the participants,
voluntary nature of participation, and possibility of withdrawing
from participation. Participants who submit a completed
questionnaire will consent to the research and use of their data.
The datawill be securely stored and used only for research and
publication, and only the researchersinvolved will have access
to the actual data. The data will be kept for 10 years. We will
ensure the anonymity of the participants throughout the research;
it will not be possible to identify a person and institution or
other demographic data from the results presented. The study
doesnot pose arisk to the participants and representsaminimal
burden. We will also consider the principles of legality, fairness,
proportionality, accuracy, and timeliness of the data during the
research

Results

Before the current phase of the research, we have prepared a
trand ation of the mobile app that will be used by the partici pants
of the intervention group, as well as more detailed instructions
for using the app. We have aso prepared a translation of the
guestionnairesin Slovene. Theresearch resultswill be published
in 2023.
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Discussion

Expected Findings

Adherence to chronic management measures is essential for
maintaining good health outcomes [60]. By 2045, the number
of patients with diabetes will rise to approximately 629 million
[61]. Mobile apps provide motivation and support for self-care
inthese patients[62], but thereis still alack of knowledge about
their actua use[63].

Based on the described methodol ogical process, wewill perform
arandomized controlled trial to determine the effectiveness of
a mobile app and its impact on patients with diabetes. The
research represents a unique opportunity to use and integrate
mobile appsin the treatments of individualswith type 2 diabetes
to solve challenges and achieve better self-care. We will enable
the use of an efficient and evidence-based mobile app that is
suitable for users’ needs and includes the concept of self-care
in the framework of mobile health. The research will help to
gain new knowledge in integrating mobile technology into the
life of an individual with type 2 diabetes.

Limitations

The main limitation is that we will only include patients with
controlled and managed type 2 diabetes in the study, which
means that we will examine only a specific part of the
population. The study will also have only patients treated in
family medicine practices, which may prevent the possibility
of generalization to all people with type 2 diabetes.

Having both control and intervention groups at the same family
medicine practices may provide bias, as this will not conceal
the allocation of an intervention in a randomized controlled
trial. Researchers will know in which group the participants
were assigned, asthese participantswill carry out the necessary
training for the use of the mobile app and other interventions.
The research will use aquestionnaire to assess the participants
self-care and perception of the disease, which can provide
socially expected and desirable answers.

Our study containsthe following assumptions. Peoplewith type
2 diabetes have deviations or shortcomings in each concept of
self-care. The app will affect a patient’s self-care with type 2
diabetes and other critical clinical measures. Self-care and
disease perception are measurable and that the trandated
guestionnaire will be helpful in our research. Medical
professionals, employees in family medicine practices, and
individuals with type 2 diabetes will be willing to participate
in the study. People with type 2 diabetes will actively use the
mobile app and monitor their health through data entry. The
results expected during the study are changes in self-care;
disease perception; blood sugar, blood pressure, and HbA

levels; and measured body weight.
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Abstract

Background: Reproductive-aged women are a high-risk population group for accel erated weight gain and obesity development,
with pregnancy recognized asacritical contributory life-phase. Healthy lifestyle interventions during the antenatal period improve
maternal and infant health outcomes, yet translation and implementation of such interventionsinto real-world health care settings
remains limited.

Objective: We aim to generate key implementation learnings to inform the feasibility of future scale up and determine the
effectiveness of intervention delivery methods on engagement, experience, acceptability, knowledge, risk perception, health
literacy, and modifiable weight-related health behaviors in women during preconception, pregnancy, and postpartum periods.

Methods: Thisrandomized hybrid implementation effectiveness study will evaluate the penetration, reach, feasibility, acceptability,
adoption, and fidelity of a healthy lifestyle intervention (OptimalMe) implemented into, and in partnership with, private health
care. Individual health outcomes associated with implementation delivery mode, including knowledge, risk perception, health
literacy, self-management, and health behaviors, are secondary outcomes. A total of 300 women aged 18 to 44 years, who are
not pregnant but wish to conceive within the next 12 months, and with access to the internet will be recruited. All participants
will receive the same digital lifestyle intervention, OptimalMe, which is supported by health coaching and text messages during
preconception, pregnancy, and postpartum periods. We will useaparallel 2-arm design to compare tel ephone with videoconference
remote delivery methods for health coaching. Methods are theoretically underpinned by the Consolidated Framework for
Implementation Research and outcomes based on the Reach, Engagement, Adaptation, Implementation and Maintenance
framework.

Results: The study was approved on August 16, 2019 and has been registered. Recruitment commenced in July 2020, and data
collection is ongoing. Results are expected to be published in 2022.

Conclusions: The study’s design aligns with best practice implementation research. Results will inform translation of evidence
from randomized controlled trial s on healthy lifestyle interventionsinto practice targeting women across preconception, pregnancy,
and postpartum periods. Learnings will target consumers, program facilitators, health professionals, services, and policy makers
to inform future scale up to ultimately benefit the health of women across these life-phases.

Trial Registration: Australian and New Zeadland Clinica Trial Registry ACTRN12620001053910;
https.//www.anzctr.org.au/Trial /Registration/Trial Review.aspx 7 d=378243& isReview=true

International Registered Report Identifier (IRRID): DERR1-10.2196/33625

(JMIR Res Protoc 2022;11(6):€33625) doi:10.2196/33625
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Introduction

Background

Obesity is a magjor global public health and economic burden.
In an increasingly obesogenic environment, young women are
ahigh-risk population group with suboptimal lifestyle behaviors
[1], accelerated weight gain, and rising obesity prevalence across
early to middle adulthood [2,3]. Prior to pregnancy, excess
weight affects fertility [4] and independently increases the risk
of adverse maternal and neonatal outcomes [5]. During
pregnancy, up to 50% of women exceed international gestational
weight gain recommendations[6], which increasestheir risk of
complications, such as gestational diabetes, cesarean section
ddlivery, and having alarge-for-gestational-age infant, compared
with those whose weight gain iswithin recommendations|[6,7].
Independent of maternal prepregnancy BMI, excessive
gestational weight gain increases subsequent childhood [8,9]
and maternal obesity by 3-fold [10]. Excessive gestational
weight gain superimposed on preexisting overweight or obesity
further exacerbates risks and perpetuates acycle of weight gain
in women across their reproductive lifespan [11].

Pregnancy is a critica window in which maternal health
behaviorsand lifestyle should be optimized to benefit the future
health of both mother and child [11]. Consequently, most
research to date has concentrated on efficacy-based antenatal
lifestyleinterventionsfor improving outcomes[12,13]. A recent
systematic review and meta-analysis[12] by the US Prevention
task force of 68 trials that involved atotal of 25,789 women
reported areduction in gestational weight gain after behavioral
lifestyleinterventions (mean difference -1.02 kg, 95% CI —1.30
to —0.75; 55 studies; n=20,090), with an associated reduction
in gestational diabetes (relative risk 0.87, 95% CI 0.79 to 0.95;
43 trials; n=19,752) and emergency cesarean delivery (relative
risk 0.85, 95% CI 0.74 to 0.96; 14 trials; n=7520) risks [12].
Thislevel 1 evidence on antenatal healthy lifestyleintervention
efficacy is supported by findings of cost-effectiveness and
potential cost savings [14], mandating translation into policy
and practice[12,15].

However, vital implementation gaps remain [16]. Weight
management guidelinesfor preconception and pregnancy periods
lack quality, consistency, and trandation of effective
intervention strategies into practice with extended reach that is
in line with real world experience [17]. Barriers in the
preconception period include identifying and engaging women
who intend to become pregnant and who are, otherwise, not
regularly engaged with the health care system [18]. In
pregnancy, identifying broad reach, feasible intervention
delivery methods, including remote delivery options, remains
unclear [12,13]. Barriers in the postpartum period include
engagement, penetration, and uptake of heathy lifestyle
interventions with very limited reach and impact to date [19].
To leverage the substantial investment in efficacy trials and
deliver health impacts, these barriers must be addressed.

https://www.researchprotocol s.org/2022/6/e€33625

We previoudly designed a low-intensity, low-cost healthy
lifestyle program, called Hel P-her, that has engaged thousands
of reproductive-aged women and has an extensive evidence
base [16,20-24]. The program effectively prevents progressive
weight gain in reproductive aged women [22,23], estimated to
be between 0.625 kg and 1.2 kg per year [25], depending on the
population studied [2,26]. During pregnancy, HelP-her
optimized gestational weight gain (intervention: mean 6.0, SD
2.8 kg; control: mean 6.9, SD 3.3 kg; P<.05) and postpartum
weight retention (intervention: mean 0.51, SD 4.48 kg; control:
mean 1.96, SD 5.74 kg; P<.05) overall, with the greatest efficacy
demonstrated in nonobese women [20,21,27]. HeLP-her is
theoretically underpinned and improves self-management
behaviors through health coaching supported by intervention
resources and self-management tools. It has been contextually
adapted successfully across delivery methods, settings, and life
stages, retaining core components to ensure fidelity
[16,20,21,23].

Our formative work has included extensive evidence synthesis
to systematically evaluate the efficacy of lifestyle interventions
incorporating diet, physical activity and weight- and
self-management  behaviors during preconception [28],
pregnancy [13], and postpartum [19] periods, to integrate key
intervention components and inform study design. We have
developed and integrated health-related content based on best
practice clinical guidelines [29,30] and have identified
facilitators and barriersto healthy lifestyle— and weight-related
behaviors, information preferences, and health professional
engagement across these life stages [31-34]. We have engaged
consumers and health professionals to iteratively adapt our
evidence-based intervention for broader reach, with translation
of the intervention content, resources, and tools to a dedicated
web-based digital platform, and have performed extensive
consumer testing to evaluate and iteratively optimize
acceptability, relevance, and engagement of intervention content
in arepresentative target population of women.

Overall Aim

Applying ahybrid effectiveness-implementation study, weam
to generate key implementation learnings to inform the
feasibility of future scale up and determine the effectiveness of
intervention delivery methods on engagement, experience,
acceptability, knowledge, risk perception, health literacy, and
modifiable weight-related health behaviors in women during
preconception, pregnancy, and postpartum periods.

Specific Objectives
Our objectives are as follows:

1 Determine implementation feasibility with 1) process
evaluation (ie, measure of process used to implement the
program and any variation experienced; facilitators and
barriers to intervening events impacting implementation),
2) the RE-AIM framework to assess Reach, Effectiveness,
Adoption, Implementation and Maintenance of the
intervention and 3) cost effectiveness analysis.
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2. Evaluate intervention participation (ie, engagement and
adherenceto program) and engagement (ie, degree of online
module completion, frequency, and duration of time spent
on the platform).

3. Determine intervention effectiveness on health related
outcomes measured at theindividual level including health
knowledge, health literacy, and self-management behaviors.

4. Determine any discrepancy according to the health coaching
delivery method.

Hypotheses
We hypothesize as follows:

1. The intervention will be feasible to implement and can
effectively reach and engage women prior to pregnancy
through co-designed strategiesthat are acceptableto women
and the implementation partner with demonstrated
cost-effectiveness.

2. Participation and engagement with intervention resources
will be greater for participants who complete the intended
intervention dose compared with those who do not.

3. Theintervention will improve preconception and pregnancy
health knowledge and self-management.

4. Phone and videoconference health coaching delivery will
be equally feasible and cost-effective, yet engagement,
adherence, and effectiveness will be greater with
videoconference compared with phone-based health
coaching.

Methods

Implementation

Design

OptimalMe is a type 3 hybrid effectiveness-implementation
study [35] with an active intervention phase (2 years) and a
passive observation phase (up to 5 years). Type 3 hybrid
implementation designs are those in which implementation
outcomes are primary, and individual or population outcomes
are secondary [35]. The primary outcome of the project includes
overal intervention penetration and reach and the feasibility,
acceptability, adoption, and fidelity of the delivery of
OptimalMe. Secondary outcomes include evaluation of
individual health outcomes associated with implementation
delivery mode, including knowledge, risk perception, health
literacy, self-management, and health behaviors. The study
design is a paralel, two-arm, randomized trial at the level of
theindividual utilizing a pragmatic philosophy, working within
real-world conditions to assess overal effectiveness. All
individuals will receive the same evidence-based lifestyle
intervention, and implementation delivery methods will be
compared.

Setting

The Australian health care system is government supported via
Medicare, which provides universal free care to Australian
citizens and residents (and others who are eligible) and is
supported by a subsidized private health system. Private health
insurance, paid by the individual, allows patients to choose
hospitals and health care providers from outside of the public
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system, with a 12-month waiting period before some, or al, of
the cost of hospital treatment is reimbursed. Overall,
approximately 54% of Australian adults have aform of private
health insurance [36], and 27% of births in Australia occur in
private hospital s[37]. Women who give birth in private hospitals
attend ambulatory private obstetric care and have limited contact
with hospitals prior to delivery.

Women who upgrade private insurance to include, or join with,
pregnancy and birth coverage, comprise a unique population,
prospectively signaling future intention for a pregnancy. In a
sample of 294 women who had recently upgraded or obtained
insurance for pregnancy and birth coverage, 41% intended to
conceive within the next 12 months [33].

The implementation partner in this research program is
Medibank Private, which is one of Australia’s largest insurers
(funding approximately 20,000 births annualy). Feasibility
scoping shows approximately 7800 women join with, or upgrade
to, pregnancy and birth coverage with this insurer nationally
each year.

Framework

This implementation research is underpinned by the
Consolidated Framework for Implementation Research [38],
which provides apragmatic framework, informed by translation
into practice theories, that is designed to guide complex
implementation projects and generate knowledge across settings
and studies [38]. The framework consists of 5 domains [38]:
Domain 1 consists of the unadapted intervention to be
implemented and assumes the intervention is composed of core
or fundamental components, essential to efficacy, surrounded
by peripheral componentsthat are adaptableto thelocal context,
without altering theintegrity of the intervention. The adaptable
components are informed by domain 2 (the outer setting, ie,
policy, guidelines, population needs), domain 3 (the inner
setting, ie, the organization’s structure, culture, readiness to
change), and domain 4 (theindividual swithin the outer or inner
setting involved in the intervention as influencers of
implementation. Theimplementation process (domain 5) works
across al domains to achieve implementation through an
iterative change process of executing and evaluating
implementation activities [38].

The fundamental core components of our intervention include
theoretical underpinning; simple diet; physical activity and
self-management messages; low-intensity delivery format;
individual health coaching sessions focused on goal setting,
problem solving, and self-management delivered by aqualified
health professional; and ongoing intervention support via text
messaging (Domain 1). Core components were informed by
our extensiveintervention evidence base[16,20,21,23] and were
consistently applied to setting, population, intervention tools,
resources, and delivery method and format. The integration of
peripheral intervention components was undertaken to
incorporate best practice clinical guidelines and systematic
review lifestyleintervention evidence (Domain 2) and using an
i ntervention co-design process with the implementation partner,
Medibank Private (Domain 3) expertsin obstetric and lifestyle
delivery and reproductive women in thislife stage (Domain 4).
This included the incorporation of health education resources
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within the intervention and the development of a
consumer-tested web-based digital platform for remote delivery
and comanaged participant engagement. The efficacy of health
coaching delivery methods (phone and videoconference) will
be compared. A governance process has been established to
enable responsive and pragmatic adaptations to peripheral
components in partnership with the implementation partner
(Medibank Private), yet designed and managed by the clinician
academic research group (Monash University). The primary
outcomes form Domain 5, which includes overall intervention
feasibility, reach, acceptability, and adoption aswell asfidelity
of the delivery of OptimalMe as planned.

Study
Design
The study will be conducted in accordance with Consolidated

Standards of Reporting Trias[39] and Template for Intervention
Description and Replication frameworks [40].

Eligibility Criteria

Thetarget intervention population will include Medibank Private
memberswho havejoined or upgraded with pregnancy and birth
coverage within the 3 months prior to recruitment (to align with
likely planned conception based on insurance uptake and wait
times). Eligibility criteria focus on inclusiveness and includes
those who are not pregnant, who wish to conceive within 12
months of recruitment, who are aged 18 to 44 years, with any
BMI, who read and speak English, and who have access to an
internet-capable device will be included.

Sample Size

Given the implementation effectiveness study design, sample
size has not been powered on a clinical outcome because the
primary outcome is to determine implementation learnings to
inform feasibility. Available funding enables intervention
delivery to approximately 300 women, which is approximately
10% of the eligible population with intention to conceive, based
on our formative research [33].

Randomization

Participantswill be randomized to receive health coaching either
by telephone or via videoconference. An external senior
statistician will provide computer-generated randomization
codes to the research coordinator only, who will sequentially
alocate all participants but will have no role in intervention
delivery. Researchersinvolved inintervention delivery and data
collection will be blinded to the allocation sequence; however,
due to the nature of the intervention, they will not be blinded
to participant allocation. Researchers responsible for data
analysis and reporting will be blinded to both allocation
sequence and participant allocation. Randomization performed
external to the implementation setting is designed to reduce
bias. Due to the nature of the intervention, participants will not
be blinded to group allocation.

https://www.researchprotocol s.org/2022/6/e€33625
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Recruiting Strategy

A co-designed process, using an opt-in design, was devel oped
with the implementation partner to facilitate Australiawide
recruitment. We will use direct email communication
(approximately 500 members every month, to be varied based
on response rates and historical trends in email engagement
observed during specified periods, including seasonal holiday
periods) to recruit women (randomly selected to receive a
targeted invitation by system generated mailing lists) who meet
initial eligibility criteria (insurance coverage and age) with a
link to the landing page of the web-based intervention platform.
The page contains introductory information about the healthy
lifestyle intervention, including a video. Individuals who wish
to take part will be required to confirm remaining eligibility
criteria, including pregnancy status and intention to conceive
within 12 months, provide informed consent electronically, and
register viaadigital interface. The researcher coordinator will
then contact the M edibank-managed integrated voice recognition
system to confirm the potential participant’s membership (using
first and last name, membership ID, date of birth, and postal
code) and pregnancy and birth coverage status to confirm
eigibility. An email with an activation link to an account for
the intervention will be sent to participants, at which time, they
are randomized to 1 of the 2 coaching delivery methods.
Recruitment will continue until target numbers (n=300) are
reached. This pragmatic approach enables management of
participant flow into the intervention and will not disqualify
those who may be unaware of pregnancy status at point of
recruitment or who may re-evaluate their intention to become
pregnant after recruitment (Multimedia Appendix 1).

I ntervention

Theoretical Underpinning

This intervention is based on our previous healthy lifestyle
program—HeLP-her [16,20-23,27]). HelLP-her is a low
intensity, behavior change program, grounded in social cognitive
theory [41]. HeL P-her is nonprescriptive and provides health
coach—delivered simple messages on healthy lifestyle behaviors
aligned with national dietary and physical activity guidelines
[30,42,43]. These are reinforced by behavior change strategies
including identifying individual health priorities and facilitators
and barriersfor change. Redlistic achievable goalsare prioritized
and devel oped by participants, and abehavioral action plan that
outlinesgoals and timeframesis established. Individual barriers,
strategies for change, and social supports are identified and
discussed, and self-monitoring is practiced and encouraged [27].

Delivery

Co-design of intervention delivery with the implementation
partner prioritized remote delivery to ensure equitable
accessibility to the intervention across Australia by using a
dedicated web-based digital platform, supported by health
coaching (delivered via phone or videoconference), with
ongoing text message support (Figure 1).
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Figure 1. OptimalMe program design and delivery.
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Platform

The secure web-based platform can be accessed via desktop
and mobile apps. The platform contains preconception,
pregnhancy, and postpartum modules. Participants are provided
access to the preconception module at the outset from the
dashboard (Figure 2). The pregnancy module is accessible to
participants when they update their personal profile on the
dashboard (pregnancy status and estimated due date). In addition
to the 3 modules, the dashboard contains an interactive BMI
(and gestationa weight gain, if pregnancy isreported) calculator,
achecklist, and activities to review behavioral action plans.

All modules have a similar format—each has a health
information (education) section and a healthy lifestyle behavior
change (self-management) section. The health information
section contains health, medical, and screening information and
the healthy lifestyle section contains diet and physical activity
recommendations, as well as an interactive behavior change
section. Health, medical, and screening information are
presented as a suite of fact sheets specific to each reproductive
phase (Multimedia A ppendix 2). Information provided isbased
on the Royal Australian College of Genera Practitioners Red
Book [29], Australian Government Clinical Practice Guidelines
for Pregnancy [30], and our formative research [33,34]. A series
of health screening questions at module commencement based
on these guidelines will inform the presentation of fact sheets
according to relevance. For exampl e, preconception participants
will be asked when their last cervical screen was completed. If
a participant indicates a cervical screen outside of a
guideline-specified timeframe, the relevant cervical screening
fact sheet will be presented under Essential information at the
top of the screen. Conversely, if aparticipant indicatesacervica
screen within a guideline-specified timeframe, the fact sheet
will be presented under Other recommended reading. This
design feature ensures that participants are directed to the
information that is most relevant to their health needs (based
on their responsesto screening questions) while minimizing the
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burden of information, which has previously been identified as
abarrier to receiving health information [31].

Fact sheets have asimilar structure—each fact sheet has 3 to 4
key messages, followed by detailed topic information and links
to other websites for additional evidence-based information.
Each fact sheet is supported by an interactive component that
enablesthe user to popul ate achecklist item summarized on the
platform dashboard (Figure 2). For example, opening a fact
sheet about cervical screening will populate the Check my
cervical screening status with my GP item. Health literacy is
tested at the top of each fact sheet with atrue or false question,
with corresponding information that explainsthe correct answer.

Healthy lifestyle resourcesinclude fact sheetsrelated to weight
gain prevention and infographics that are based on Australian
adult pregnancy [30] and breastfeeding [42] dietary guidelines
and physical activity guidelines [43]. Additional resources
includeinformation on how to read food |abels, how to estimate
food portion sizes, healthy snack and food substitution ideas,
and calories consumed using various food choices versus those
burned from walking. Behavior change is supported by an
interactive goal-setting section that guides the user to develop
apersonalized goal through action planning, which includesan
activity to self-select modifiable health behaviors for
improvement (eg, packaged or convenience food consumption,
alcohol intake, physical activity, fruit and vegetable intake, and
sleep). Areas of relevance are selected and prioritized by each
participant (ie, areas are ranked in order of importance).
Participants are guided through goal-setting using free text to
specify what they would like to achieve identify motivating
factorsand social support pathways, barriersto behavior change
and specific strategies to overcome barriers that are time
dependent and identification. An action item to review goals
will be automatically added to the digital platform, which is
encouraged 2 weeks after goal planning and commitment (Figure
2).

The platform was consumer-tested using a quantitative survey
for functionality (ie, ease of navigation across the platform),
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acceptability (ie, usefulness of the information, presentation
and aesthetics, ease of understanding content) and relevance
(ie, appropriateness of information, potential for the platform
to assist in optimizing health behaviors, peer recommendation).
The survey contained a series of statements requiring response
on a5-point Likert scale that ranged from strongly disagree to
strongly agree, with an opportunity to provide free text.
Responses were transformed to a binary representation (O,
disagree and neutral; 1, agree). Overall, 36 women were
recruited from the community with advertisements across all
modules using both computer (19/36, 53%) and mobile phone

Harrison et d

or tablet (17/36, 47%) devices. Women were aged between 25
and 38 years old, and the majority were university educated
(33/36, 92%). Most women agreed that they could navigate to
different areas of the platform and return to the dashboard with
ease (23/30, 77%); they found the platform to be aesthetically
appealing (25/36, 69%), and the amount of information to be
appropriate (28/36, 78%) and easy to understand in its
presentation (29/30, 97%). The majority believed that the
information would assist them in improving their health-related
behaviors (25/30, 83%) and considered the platform relevant
to recommend to women of the same life stage (24/36, 67%).

Figure 2. Platform user dashboard.
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Health Coaching Sessions

Health coaches with a tertiary qualification in health sciences
(ie, dietetics, nutrition, exercise physiology, or alied health)
will deliver the program and aim for continuity wherever
possible to maintain rapport. The purpose of the individual
health coaching sessions is to build rapport with participants,
reiterate program objectives, enhance engagement, practice goal
setting and self-management skills, support participants with
lifestyle modules, and provide personalized feedback on
behavior change. Any module components that have not been
accessed or completed by participants at the point of health
coaching will beflagged for compl etion by the participant during
or after the session.

All participants will be offered 2 personalized preconception
health coaching sessions (approximately 20 minutesin duration,
delivered either be phone or videoconference according to
randomization) 2 to 4 weeks after program entry and 6 weeks
later.

During pregnancy, 2 additional 20-minute health coaching
sessions will be scheduled (8-10 weeks gestation or 1-2 weeks
after starting the pregnancy module commencement and 19-20
weeks gestation).

Ongoing Program Support

SM Stext messageswill be sent every 3 weeks asareminder to
practice healthy behaviors.

https://www.researchprotocol s.org/2022/6/e€33625
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Fidelity

Intervention fidelity will be maintained by facilitators using a
checklist after health coaching sessions to reduce potential
reporting bias. The checklist will include planned discussion
points, deviation in delivery of session with reasons, and
duration of session. Coaching sessions will be periodically
recorded with participant consent to monitor fidelity.

Intervention facilitatorswill complete program-specific training
on the intervention, including heath coaching delivery.
Facilitators will be required to have a sound knowledge of
evidence-based practice; an understanding of health behaviors,
nutrition, and physical activity; and atertiary qualificationin a
health-related discipline. Program-specific training includes
both theory and practical components and moativational
interviewing techniques [20-23,44].

Outcome M easures

Outcome measures (Table 1) are underpinned by the RE-AIM
(Reach, Effectiveness, Adoption, Implementation and
Maintenance [45]). Both quantitative (recruitment and
intervention delivery fidelity checklists [46]) and qualitative
(semistructured interviews) data collection methodswill be used
(Multimedia Appendix 1 and Multimedia Appendix 2).
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Table 1. Description of outcome measures.
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Outcome

Description

Implementation feasibility (primary)

Reach

Implementation fidelity

Adoption of the program by the implementation partner

Cost-€ffectiveness

I ntervention effectiveness (secondary)

Participation

Acceptability

Effectiveness

Pregnancy and birthing outcomes

Program evaluation and feasibility for future scale up

Proportion of the target population that were invited and participated in the
program and intervening factors

Delivery according to design and any variation experienced
Facilitators and barriers: identification and description of intervening events

Contextual events or factors influencing implementation within the setting,
variation in any co-design implementation component

To answer questions about overall feasibility of implementation

Exploratory evaluation of the effectiveness of intervention delivery across precon-
ception and pregnancy (Figure 1)

Adherence and engagement measures to intervention dose including health
coaching sessions and web-based platform interaction including degree of
module completion, frequency and duration of time spent on the platform

A set of questions relating to the influence of the program in changing health
behaviors, the usefulness and relevancy of the information provided, valuable
aspects of the program and areas for improvement

Qualitative data analysis of insights, participation factors, intervention reach,
adoption and maintenance of behavior change, intervention delivery format,
and areas for improvement until thematic data saturation

On individual health behaviors including self-reported weight, health literacy
[47], self-management [48], diet [49], and physical activity [50] using validated
questionnaires

Collected at the start of the intervention, after preconception health coaching
sessions and module, and at the start of the pregnancy module

Invitro fertilization utilization (restricted to only hospital component visibility
of this process such as retrievals and transfers); gestational diabetes diagnosis,
delivery type (ie, vaginal or cesarean section), birth complications and neonatal
intensive care unit admission, length and cost of hospital stay and ancillary
utilization (ie, physiotherapy, dieticians, dental)

Captured viaencrypted datalinkage with Medibank Private for health outcomes
up to and including 5 years after the start of the study as observational study
phase data

Statistical Analysis

effect, will be investigated to account for repeated measures.
Missing data will be examined, and multiple imputation will

Deidentified quantitative and qualitative databases will be
maintained on encrypted Monash University servers and
managed by research staff involved in data collection. We will
use descriptive approaches to evaluate primary outcomes
measures. Quantitative data collected for secondary outcome
measures will be exported to STATA (version 17.0; StataCorp
LLC). Descriptive statistics (meanswith standard deviations or
frequencieswith ranges) will be used to characterizeintervention
effectiveness and the recruited sample by demographic
characteristics (age, BMI, country of birth, education,
socioeconomic status, and parity), preexisting health, and
health-related behaviors (ie, self-management, diet, and physical
activity). Logistic and linear regression models will be used to
expl ore associ ations between before and after the intervention.
Additionally, factors known to influence secondary outcomes,
including weight, such as diet, physical activity, breastfeeding
status, and parity will be adjusted for a priori. Mixed-effects
regression models, with the individual specified as the random

https://www.researchprotocol s.org/2022/6/e€33625

be used to generate complete data, if data are not found to be
missing at random. Sensitivity analyses will be performed to
explore robustness. A P value <.05 will be considered
statistically significant.

Transcripts of semistructured interviews will be independently
analyzed and coded by 2 researchers using NVivo software
(version 12; QSR International). Data will be searched for
concepts in relation to participatory factors and program
evaluation, with codes generated and grouped into themes using
an inductive approach. Quantitative datawill be analyzed first,
to inform thematic analyses. The definitions of themes will be
determined by consensus (between 2 researchers).

Economic Evaluation

The economic evaluation will be designed to identify the costs
associated with implementation, and the net coststo health care
funders. Costs of the Optimal M e implementation package will
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beidentified from thetrial data, including the costs of platform
maintenance, staff time (in providing the coaching sessions),
and SMS text messages. Fixed and variable costs will be
identified, allowing cost per woman to be estimated at different
scales of the intervention. The net costs to health care funders
will be identified by quantifying the costs associated with birth
type, birth complications, neonatal intensive care unit
admissions, hospital stay, and ancillary utilization. Costs to
Medicare Benefits Schedule will beidentified based upon item
numbers [51] associated with birth type and complications.
Costs to private health insurers associated with hospital stay
will beidentified directly from the study. Coststo public hospital
funders from neonatal intensive care unit admissions or any
public hospital transfers will be identified from the National
Hospital Cost Data Collection produced by the Independent
Hospital Pricing Authority [52]. The total cost per woman will
be calculated, and generalized linear models will be utilized to
identify differencesin costs between delivery methods. Wewill
use these models to estimate the net cost impacts to different
funders at different levels of the population reached.

Ethical Approval

The Monash Health Human Research and Ethics Committee
approved the study (RES-19-0000291A), and the study hasbeen
registered (using predefined study description classifications;
assuch, thetrial wasregistered asan efficacy trial in the absence
of a feasibility study descriptor) on the Australian and New
Zealand Clinical Tria Registry (ACTRN12620001053910).

Results

The project is supported with funding from Medibank Private
L td. Recruitment commenced in July 2020 with results expected
to be published in 2022.

Discussion

Prevention of weight gain and obesity isaglobal health priority.
Increased emphasis is placed on high-risk populations [53,54],
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including reproductive-age women with  accelerated
preconception, pregnancy, and postpartum weight gain [6].
Lifestyle interventions can be used to optimize weight and
reduce maternal and neonatal adverse outcomes [12,55], yet
trandlation of effective interventions into real-world settings
remains critically limited. We address this gap and leverage
extensive investments in efficacy research by undertaking
implementation research to inform feasibility, acceptability,
applicability, effectiveness, and sustainability of an
evidence-based weight gain prevention intervention for
preconception, pregnancy, and postpartum periods.
Implementation research leveragesinvestment in efficacy-based
randomized trial knowledge to study methods that promote the
systematic uptake of evidence-based interventionsinto practice
and policy to improve health [35].

Our study design aligns with best practice implementation
research; focuses on system-level outcomes; and is underpinned
by evidence from efficacy trids, systematic reviews,
meta-analyses, and guidelines. Additional health information,
specific to preconception, pregnancy, and postpartum life stages,
has been integrated, with checklists and resources. Evidence on
core and peripheral components has been integrated to adapt
the intervention with stakeholders across women,
multidisciplinary clinicians, and partners. Novel delivery
strategies, including sophisticated digital platform and remote
health coaching delivery methods, while retaining core
intervention features including low-intensity individual health
coaching and ongoing text message support. This work has
integrated, and been supported by, robust implementation and
intervention frameworks and theories.

We anticipate that the Optimal M eintervention will demonstrate
feasibility and directly provide evidence to inform scaled
intervention delivery. Learning will not only inform future
implementation design but translation of evidence targeting
consumers, program facilitators, health professionals, services,
and policy makersto inform future scale up of healthy lifestyle
interventions to ultimately benefit the health of women.
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Abstract

Background: It isknown that magnetic resonance imaging (MRI) procedures generate fear and anxiety. Children may become
restless during scanning, which results in movement artifacts requiring the MRI procedure to be repeated with sedation. Few
studies seem to have looked at the effect of immersive virtual reality (IVR) on anxiety in children scheduled for MRI scans and
how to identify which children are more responsive.

Objective: The aims of this study are 3-fold: develop an agorithm of predictability based on biofeedback, address feasibility
and acceptability of preprocedural IVR game preparation for anxiety management during MRI procedures, and examine the
efficacy of 1VR game preparation compared with usual care for the management of procedural anxiety during MRI scans.

Methods: This study will have 2 phases. We will first conduct afield test with 10 participants aged 7 to 17 years to develop a
predictive algorithm for biofeedback solution and to address the feasibility and acceptability of the research. After the field test,
arandomized controlled trial will be completed using aparallel design with 2 groups: an experimental group (preprocedural IVR
game preparation) and a usual care group (standard care as per the radiology department’s protocol) in an equal ratio of 49
participants per group for 98 participants. Recruitment will be carried out at a hospital in Quebec, Canada. The experimental
group will receive a preprocedura VR game preparation (IMAGINE) that offers an immersive simulation of the MRI scan.
Participants will complete a questionnaire to assess the acceptability, feasibility, and incidence of side effects related to the
intervention and the biofeedback device. Data collected will include sociodemographic and clinical characteristics as well as
measures of procedure-related anxiety with the French-Canadian version of the State-Trait Anxiety Inventory for Children (score
1-3) and the Children’s Fear Scale (score 0-4). Physiological signswill be noted and include heart rate, skin conductance, hand
temperature, and muscle tension. Measures of the level of satisfaction of health care professionals, parents, and participants will
also be collected. Analyseswill be carried out according to the intention-to-treat principle, with a Cronbach a significance level
of .05.

Results:  Asof May 10, 2022, no participant was enrolled in the clinical trial. The data collection time frameis projected to be
between April 1, 2022, and March 31, 2023. Findings will be disseminated through peer-reviewed publications.

Conclusions: Our study provides an alternative method for anxiety management to better prepare patients for an awake MR
procedure. The biofeedback will help predict which children are more responsive to this type of intervention. This study will
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guide future medical practice by providing evidence-based knowledge on a nonpharmacol ogical therapeutic modality for anxiety

management in children scheduled for an MRI scan.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2022;11(6):€30616) doi:10.2196/30616

Clinical Trials.gov NCT04988516; https://clinicaltrials.gov/ct2/show/NCT04988516
PRR1-10.2196/30616

KEYWORDS

virtual reality; children; video games; magnetic resonanceimaging; anxiety; pediatrics; patient collaboration; patient preparation;

biofeedback

Introduction

Background

Magnetic resonance imaging (MRI) is a technique that is
considered noninvasive and safe because it does not use any
radiation or x-rays unlike positron emission tomography scans
or computed tomography scans. MRI technology, instead, uses
amagnetic field to generate images of the tissues and organs.
For MRI procedures to work as intended, the patient must
remain still while lying down within a confined space for a
certain amount of time.

The scan environment may be a source of anxiety for some
patients. This can be due to the claustrophobic nature of a
narrow space. MRI procedures have been known, for almost 40
years, to generate fear and anxiety caused by claustrophobia
[1]. In addition, MRI scanners generate loud clicking sounds
while running. These loud acoustic noises may be as loud as
100 dB, the equivalent of a snowmobile next to the patient [2].
Not surprisingly, up to 30% of the patients undergoing MRI
procedures had anxiety-related reactions of varying degree of
intensity [3]. Interviews performed with younger children and
their parents revealed that MRI procedures caused anxiety in
children because of their size, design, and sound [4]. Hence,
this environment is difficult to tolerate, especially for children.
Often, anxious children may become restless during the
examination, leading to uncontrolled movements resulting in
undiagnostic images. As a consequence, this may result in a
premature termination of the procedure itself, requiring the
examination to be repeated ulteriorly, thus causing subsequent
episodes of anxiety [4-6].

As a result, it is becoming common practice in radiology
departments in many hospitals to require conscious sedation,
asthe frequency of repeated MRI scansishigher inthe pediatric
population [5-7]. However, sedation is not without any risk or
consequences. Emerging evidence suggests that sedation in
children might have long-term neurocognitive side effects, in
addition to the short-term procedure-rel ated risks [8]. As some
authors also pointed out, its use is also related to an increased
amount of fear in children and their parents and will require
extended hospital staysfor monitoring, adding to the cost burden

[9.

Similar to any medication, there is always a risk of adverse
reactions. Therefore, several efforts have been directed into the
development of nonpharmacological methods to reduce fear
and anxiety in children requiring MRI scans. Many interventions
ranging from music and artwork to video games have been used

https://www.researchprotocol s.org/2022/6/€30616

and deemed useful to relieve anxiety in children duringan MRI
examination [10,11]. Interventions performed before the scan
have a so been investigated. Among these, preprocedural patient
education has been shown to decrease anxiety and enhance
comprehension of MRI examinations, which in turn, can serve
to increase patient collaboration [12]. However, different
education material can have different effects on reducing anxiety
levels[13]. Mock MRI scanners, which involve using afull-size
replica scanner for a 5-minute training session to lie still, have
been used to help explain to children what the procedure
involves and what to expect in an age-appropriate manner. This
preparation has been reported to reduce MRI
examination—related procedural anxiety, rate of motion artifacts,
need for sedation, overall duration of the study, as well as a
decrease in heart rate during the procedure [14,15]. However,
ashortcoming of the use of mock replicasisthat thereislimited
availability in hospitals, because the mock M RI machinewould
require aroom to be stored in, as well as additional resources,
including staff and time, to organize these sessions.

Physical mock sessions before MRI scans have shown promising
results. Therefore, virtual reality (VR) used toreplicatean MRI
environment can also be used as patient preparation [16].
Preprocedural VR education has been studied in different
medical procedures, including chest radiography, dental
procedures, anesthesia, and surgeries [5,17,18]. These studies
show that VR preparation hel psimprove procedural experience
among pediatric patients by reducing anxiety, distress, and
procedure time while increasing parents’ satisfaction. VR is a
novel technology gaining popularity in pediatric hospitals
worldwide for a variety of reasons. It is a distraction method
that has proven effectivein reducing pain and anxiety in children
in different settings such as phlebotomy, wound care,
chemotherapy, dental procedure, and bone pinsremoval [19-23].

To the best of our knowledge, very few studies have looked at
the effect of VR on anxiety in children scheduled for an MRI
scan specificaly and how this intervention could help identify
which children are more responsive to VR. As VR technology
is becoming progressively more accessible, we believe that
incorporating aV R preparation tool ahead of timeto familiarize
children beforethe MRI procedure would hel p decrease anxiety;
increase patient collaboration; decrease the need for sedation;
and improve satisfaction for the patient, family, and health care
professionals.

Aimsof the Study
The aims of this study are 3-fold: (1) develop an algorithm of
predictability based on biofeedback, (2) address feasibility and
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acceptability of a preprocedural immersive VR (IVR) game
preparation before an MRI procedure for children’s anxiety
(field test phase), and (3) examine the efficacy of a
preprocedural 1V R game preparation compared with usual care
for the management of procedural anxiety in children
undergoing an MRI examination (by conducting a randomized
controlled trial [RCT]).

Hypothesis (for Scientific Validation)

We believe that an IVR intervention in the form of an
interaction-enabled video game to prepare participants before
an MRI examinationiseasy to use and could help decrease MRI
examination—related procedural anxiety in children aged 7 to
17 years. We believe that a patient who follows instructions
well, without any signs of anxiety detected by physiological
parameters, will have better resultsin the MRI procedure than
apatient who has difficulty following instructions or who shows
signs of anxiety through their physiological parameters.
Objectives

The primary research question concerns whether preprocedural
interaction-enabled VR game preparation will decrease MRI
examination—related procedural anxiety for children undergoing

an MRI procedure. The secondary objectives of the scientific
clinical validation phases are as follows:

1. Todeterminewhether preprocedural 1V R game preparation
isafeasible and acceptable nonpharmacol ogical method to
decrease MRI examination—related procedural anxiety.

2. Todeterminewhether children experiencing preprocedural
IVR game preparation will have aslower heart rate before
and during the MRI procedure than children not exposed
to the IVR game preparation.

3. Todetermine whether children experiencing preprocedural
IVR game preparation will require lower need for sedation
than children not exposed to the IVR game preparation
before an MRI examination.

4. Todeterminewhether children experiencing preprocedural
IVR game preparation will require rescheduling of the
examination less often than children not exposed tothe IVR
game preparation before an MRI examination.

5. To evaluate the occurrence of side effects with
preprocedural VR game preparation in comparison with
children not exposed to the IVR game preparation before
an MRI examination.

6. To compare satisfaction levels of health care professionals
between preprocedural IVR game preparation and usual
care groups.

7. To compare satisfaction levels of children and parents
between preprocedural IVR game preparation and usual
care groups.

8. To compare overall procedure time required for an MRI
examination between preprocedural 1V R game preparation
and usual care groups.

9. Todevelop apredictability algorithm that will help identify
which children will have better resultsin the MRI procedure
after the IVR game preparation.

https://www.researchprotocol s.org/2022/6/€30616
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Methods

Design

This study will have 2 phases. We will first conduct afield test
with 10% (10/100) of the total sample size calculated to initiate
the development of a predictive algorithm for biofeedback
solution requiring actual participants and to address the
feasibility and acceptability of the VR intervention and research
process. The field test phase will follow the stepsindicated in
this protocol. Any changes needed will be made between the
end of the field test and the start of the RCT. No changes will
be made once the RCT starts. After the field test, we will
proceed to a scientific clinical validation based on an RCT
design using a paralel design with 2 groups: an experimental
group (preprocedural VR game preparation) and a usual care
group (standard care as per the protocol of the radiology
department) in an equal ratio of 49 participants per group for a
total of 98 participants, including a correction for an attrition
rate of 24.9% (48/193) that allowsfor delays and repetitions of
procedures, established according to the 2020 radiology records
at the study setting.

Sample and Setting

Recruitment will be carried out at Centre Intégré Universitaire
de Santé et de Services Sociaux de I’Est de I'Tle de Montréal,
Quebec, Canada, a general care hospital with a pediatric unit
and services. Participantswill beidentified through the radiology
information system as having an appointment for an upcoming
MRI procedure. A research nurse will be notified by the
radiology technologist and will proceed to contact the parents
for recruitment ahead of time beforetheir arrival at the radiology
department. On the day of the appointment, parents will be
approached to sign the consent if they still agree to the study.
Assent from the child will also be obtained on the same day.
Of note, owing to the COVID-19 sanitary crisis, availability of
recruiting personnel, and the difficulty of movement between
units and departments, recruitment will be limited to the
radiol ogy department. According to the statisticsin 2020, atotal
of 145 MRI procedures were prescribed for children aged 7 to
17 years at this setting, but in reality, 193 procedures were
carried out because of delays and repetitions of procedures.
Thus, an attrition rate of 24.9% (48/193) was considered in the
calculation of the sample size.

Inclusion Criteria

Children and their parents will be invited to participate in the
study if they meet the following inclusion criteria: (1) aged 7
to 17 years; (2) required to undergo an MRI procedure; and (3)
accompanied by aconsenting parent or legal guardian who can
understand, read, and write either French or English.

Exclusion Criteria

Participants will be excluded from the study if they (1) are
diagnosed with epilepsy or any other condition preventing them
from playing a VR game or (2) cannot tolerate a sitting or
semiupright sitting position (Fowler position) during the
preparation because the VR gear requires an angle of at least
30° for head tracking. Participants who received anxiolytics
(eg, benzodiazepines) in the last 24 hours before the MRI

JMIR Res Protoc 2022 | vol. 11 | iss. 6 | €30616 | p.51
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

procedure will not be excluded, but the names and dosages of
the medication and time of administration will be documented
in the data collection form.

Interventions

Standard preparation as per the radiology department’s protocol
will serve as the control (usual care) group.

Preprocedura IVR game preparation will serve as the
intervention group.

Control Treatment

Theusual care group will only receive the standard preparation,
which comprises of an explanation of the MRI procedure given
by the radiology technician as per the radiology department’s
protocol. The research nurse will be able to complete any
information should they find it incomplete or substandard.

Experimental Treatment

The preprocedural IVR game preparation (IMAGINE) was
developed by Paperplane Therapeutics (an intervention
development team). IMAGINE is an IVR simulation game
intended for young patients aged 7 to 17 yearswho will undergo
an MRI examination. It aims to reduce anxiety and phobic
reactions of young patients and to better prepare them for this
examination. As the game is a preparation, it is a no-success
game and is independent of the child's ability and previous
experience with video games. IMAGINE is designed to be
supported by stand-alone VR headsets such as Oculus Quest
and Pico Neo Il. This preprocedural IVR game preparation
offersan immersive and fun simulation that aimsto desensitize
young patients to MRI procedures and transform an
anxiety-inducing experience into a fun play session. From a
game point of view, the patient takes a seat aboard a spaceship.
The child will have to complete various quests to activate the
MRI machine, which is portrayed as a very useful device for
the crew members as it will enable them to promulgate the
appropriate medical care. The participant will learn about the
main principles of MRI procedures and experience a very
realistic simulation of the MRI examination. It is developed
with personalized care content tailored to children to maximize
the feeling of immersion and minimize cybersickness. The
preprocedural VR game preparation is approved by ateam of
health care professionalsin pediatric care.

IMAGINE includes an interaction-enabled VR replica of the
inside and outside environment of the scanner, including visual
and audio effects of an actual MRI examination, to allow the
child to be exposed to the MRI journey in a fun and
interaction-enabled way before the examination using the Pico
Neo Il VR Helmet. Thiswill allow children to prepare for the
MRI scanner by enabling them to experience the process of
undergoing an MRI examination beforehand, thereby improving
their understanding of upcoming eventsand eventually prevent,
decrease, or control preprocedural and MRI examination—related
procedural anxiety. The simulation already containsacursor in
the center of the patient’s field of view and follows the head
movements. A round target inside thereplicaof theMRI device
tells the patient how to place their head in the neutral position
and gives positive feedback when done. During the simulation,
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head movement information will be extracted from the
positioning cameras, accelerometer, and gyroscopes aready
availablein the headset. A VR tour session will be availablein
the waiting area for patients and parents before the MRI
procedure. An approved and validated device (such as Thought
Technology [24]) will also be used during the simulation to
continuously record biofeedback data such as heart rate, skin
conductance, hand temperature, and muscle tension. We will
also ask participants to undertake the VR experience and
complete aquestionnaire to assess the acceptability, feasibility,
and incidence of side effects related to the intervention and the
biofeedback device. In the likely event of an episode of
dizziness, nausea, or vomiting, the child will be provided with
proper care in accordance with the unit’s protocol and will
immediately be removed from the IVVR. According to theresults
obtained, we will adjust the protocol and then proceed to the
scientific clinical validation to evaluate the efficacy of this
preprocedural 1V R game preparation in the management of MRI
examination—related procedural anxiety in children and to
develop a predictability algorithm. The VR intervention will
last for 15 to 20 minutes, which is considered an adequate
amount of time to maintain a child’s attention and allow for a
complete experience of the MRI procedure, including theroom’s
environment and audiovisual stimuli. Whilethe child playswith
the interaction-enabled | VR game preparation, thereis also the
option to allow parents to observe what the child is viewing
through their headgear on a separate screen. Unfortunately, due
to lack of physical space within the preparation room, only 1
parent will be able to assist during the VR session.

Study Time Paints

Sociodemographic and clinical characteristicswill be assessed
in the waiting room to establish baseline at TO. Measures of
procedure-related anxiety with the State-Trait Anxiety Inventory
for Children, French-Canadian version (STAIC-F; score 1-3)
and also the Children's Fear Scale (CFS; score 0-4) will be
taken before the intervention (TO), immediately after the
intervention (T1), and after the MRI procedure (T2). A measure
of the level of satisfaction of health care professionals, parents,
and participantsthrough aquestionnaire devel oped and pretested
by the team will also be collected at T2. Physiological signs
such as heart rate, skin conductance, hand temperature, and
muscle tension through an electromyogram will be collected
throughout the simulation. Data will be collected on the
occurrence of side effects throughout the study. Clinical
monitoring will be performed by an independent nurse from
the research team.

Ethics Approval

Ethics approval (2022-2554) was obtained in March 2022 by
the Ethics Board of the CIUSSS de |’ Est-de-I' Tle-de-Montréal .
M easur es and Outcomes

Sociodemographic and Clinical Questionnaire

Demographic and clinical characteristics will be assessed with
parent reports filled out by the research nurse using the case
report form and will include data on age, sex, ethnicity, reason
for MRI imaging study, and history of imaging studies, including
MRI, computed axial tomography scans, and Xx-ray
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examinations. Data such as name, dosage, and time of
administration of anxiolytics taken 24 hours before the MRI
examination will be collected. The questionnaire will aso
include a section describing the context of the procedure
including adherence to the intervention, total procedure time,
use of other nonpharmacological interventions, and the
occurrence of side effects.

Criteria for Feasibility Assessment

The field test phase will be assessed for feasibility using the
CONSORT (Consolidated Standards of Reporting Trials)
checklist for pilot studies to determine whether proceeding to
the full study is possible. Any modification needed to the
collection process will be carried out at this stage. No
modification will be carried out once the RCT starts.

Primary Outcome

The primary outcome will be the mean difference in State
anxiety at T2 for both study groups as measured by the S scale
of the STAIC-F.

Measures of Primary Outcomes

The level of State anxiety (primary outcome) will be assessed
using the State Scale of the STAIC-F questionnaire [25,26].
The STAIC-F (Multimedia Appendix 1 [25,26]) isaself-report
instrument inspired by the State-Trait theory extended by
Spielberger [27] that measures a momentary state of anxiety
(state) and a stable tendency to experience anxiety (trait). The
same author obtained internal consistency of coefficients of
0.87 for girlsand 0.82 for boys[25]. Thefirst 20 items constitute
thesituationa (State) anxiety scale. Theresponse“amost never”
is graded 1, the response “sometimes’ is graded 2, and the
response“aways’ isgraded 3, for atotal score varying between
20 and 60 [26]. The next 20 items deal with Trait anxiety. The
guotation is identical. A table is provided, which presents the
average scores by age and sex. A score can be considered high
whenthe child is=1 SD from the mean. It istypically completed
in 8 to 12 minutes for initia evaluation, and subsegquent
evaluations typically require 5 to 7 minutes. The scale was
developed specifically for use for children aged 9 to 12 years
but can be used in younger children if the scale items are read
out loud to them, aswell asfor older children [25]. Participants
will rate their State-Trait anxiety with the French-Canadian
version 40-item questionnaire (STAIC-F) in the waiting room
(TO). Thefirst 20 items, which correspond to situational anxiety,
will be reassessed after the intervention (T1) and after the MR
examination (T2). Psychometric studies of the STAIC-F show
excellent internal consistency coefficients of the State-Trait
Anxiety Inventory for Children (STAIC) scales, with Cronbach
o values of .89 and .88, respectively, and the test-retest
reliabilities after a6-month period were also similar to those of
the original version, and the concurrent validity, assessed by
the correlation with the Revised Children’s Manifest Anxiety
Scale, was also found to be good [26]. A study investigated
MRI examination—related anxiety in children using the English
shortened-version of the STAIC scalefor children aged 8 to 15
years [28], and 2 other studies examined MRI
examination—related anxiety using the standard English STAIC
scale for its robust psychometric properties for children aged 8
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to 17 years and 12 to 18 years [29,30]. Considering the
French-speaking population targeted in this study, the
psychometrically sound properties of the French-Canadian
version, and previous studies using the STAIC questionnaire
to evaluate MRI examination—related procedural anxiety, we
believe that it isjustified to use this questionnaire in this study
for children aged 7 to 17 yearsto evaluate their level s of anxiety.

The level of anxiety will be also assessed using the CFS [31]
at baseline before the preprocedural VR game preparation or
usua careintervention (T0), immediately after theintervention
(T1), and after the MRI procedure (T2; Multimedia Appendix
2). The CFSisaself-reported measure of anxiety adapted from
the Adult Faces Anxiety Scale [32] for specific usein children
undergoing painful experiences. It consists of 5 faces ranging
from O (no fear or anxiety) through 4 (extremely fearful or
anxious). The child is asked to indicate which face shows best
how they felt during the procedure. Test-retest reliability has
been established with children aged 5 to 10 years during painful
procedure (r~=0.76) and concurrent validity with the Children
Anxiety and Pain Scale (rs=0.73) [33]. We chose the CFS
because of its psychometric qualities and because itisa 1-item
self-measure of anxiety and fear. Moreover, “ athough fear
tends to decrease with age in general, medical fears may be an
exception” [34]. In addition, “age-related differences in fear
ratings have not been found” [35]. Furthermore, this scale has
been used with children aged 8 to 18 years for procedural fear
related to venipuncture [36] and children aged 11 to 13 years
for fear of, and anxiety regarding, vaccination [37].

Secondary Outcomes

The secondary outcomes were (1) mean differencein the sense
of presence and engagement (immersion) into the VR game
between groups (T1), (2) the presence of head deviation during
the intervention, (3) changes in physiological signs through
biofeedback during the intervention, (4) satisfaction levels of
parent (T2), (5) satisfaction levels of children (T2), (6)
satisfaction levels of health care professionals (T2), (7)
occurrence of side effects, (8) mean differenceintotal procedure
time and frequency of rescheduling MRI examinations between
groups, and (9) mean differencein Trait anxiety levels between
groups.

Measures of Secondary Outcomes
The secondary outcomes were measured as follows:

1. The sense of presence and engagement (immersion) in the
VR game will be assessed using the Graphic Rating Scale
(GRS) [38-40], a 7-item Likert-type scale tailored for VR
interventions. Convergent validity among pairs of scores
of the GRS with children aged 8 to 17 years was r=0.84
and test-retest reliability was 0.91 [40].

2. Thehead deviation during the simulation will be measured
continuously for the entire duration of the intervention
through the positioning cameras, accelerometer, and
gyroscopes in the headset.

3. Physiological signs and biofeedback (heart rate, skin
conductance, hand temperature, and muscle tension viaan
electromyogram) will be measured using the biofeedback
device that will continuously capture and record
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physiological signs. The research nurse will note the heart
rate measures at TO; immediately after T1; and at 1, 5, 10,
and 15 minutes of the MRI procedure. Increased heart rates
may indicate physiological arousal or may be aconseguence
of “positive stress” [41].

4. Satisfaction levels of the parent will be assessed using a0
to 10 numerical scale to answer the following question as
recommended by Pediatric Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(PedIMMPACT) [42]: “Considering anxiety relief, side
effects, and emotional recovery, how satisfied were you
with the treatments your child received for anxiety?’

5. Satisfaction level of the children will be assessed using a
0-to-10 numerical scaleto answer the following questions:
“How fun is the game?’ “Did the game help you feel less
scared during the MRI examination?” and “Will you
recommend this game to other children who have to go
through the same examination as you?”

6. Satisfaction level of the health care professional will be
assessed using a tailored questionnaire with a 4-choice
response scale from strongly agreeto strongly disagree for
7 items related to their level of satisfaction with the
intervention and its effects on the procedure.

7. Occurrence of side effectswill be assessed and documented
from enrollment until discharge.

8. Procedural time and number of rescheduled MRI
examinations will be noted in the clinical questionnaire.

9. Trait anxiety level will be measured using the T scale of
the STAIC-F.

Sample Size and Statistical Analysis

Sample Size Consideration

Primary analysiswill involve the comparison of 2 group means.
In addition, no interim analysis will be conducted. Therefore,
group samplesizesof 37 (ie, 74 intotal) are necessary to achieve
80% power to reject the null hypothesis of equal means when
the population mean difference for State anxiety scoreis5 with
an SD for both groups of 7.47 [28] and a significance level
(Cronbach a) of 5% using a 2-tailed t test. The SD for both
groups varied from 4.61 to 7.47 [28]. To be conservative, we
chose 7.47. On the basis of data from the medical imaging
registry, the attrition rate was approximately 24%. Assuming a
similar attrition rate, 98 participants (49 per group) will be
required. The sample size calculation was performed using
PASS Software (version 12.0; NCSS Statistical Software).

Statistical Analysis

Analyses will be conducted using SAS dstatistical analysis
software (version 9.4; SAS Ingtitute Inc). Descriptive statistics
will be conducted for sociodemographic and clinical variables
and presented by treatment group.

Primary Outcome Analyses

An analysis of covariance (ANCOVA) adjusted for age, sex,
baseline (TO) Trait anxiety score measurement, and baseline
State anxiety score measurement will be used to assessthe mean
differencein State anxiety scores on the STAIC-State between
the experimental and the control groups at T2. Analyses will
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be carried out according to the intention-to-treat principle, with
asignificance level (Cronbach a) of .05.

Secondary Outcome Analyses

An ANCOVA adjusted for age, sex, and baseline anxiety score
measurement will be used to assess the mean difference in
anxiety scores on the CFS, between the experimental and the
control groups at T2. To assessthe mean differencein the sense
of presence in VR and engagement into the game (GRS),
between the experimental and the control groups at T1, an
ANCOVA adjusted for age and sex will aso be conducted. We
will use a linear mixed model to estimate the effect of the
treatment on the changes in heart rate over all assessment time
points. Thisanalysiswill be adjusted for age, sex, and baseline
heart rate. Differences between arms for levels of satisfaction
of parents, children, and health care professionals (T2) aswell
as the overall procedure time will be assessed using (2-tailed)
t tests or nonparametric Mann-Whitney U tests if data are
nonnormal. A chi-square test or Fisher exact test will be
conducted to compare dichotomous variables including the
occurrence of side effects, the number of rescheduled MRI
examinations, and the use of sedation in each group.

Adverse events and serious adverse events (if any) will be
reported using the Medical Dictionary for Regulatory Activities
terminology, and their proportions will be compared between
the groups.

To help devel op the predi ctability algorithm, the head deviations
and other physiological data will be analyzed. An agorithm
based on those deviations will be developed prospectively as
the study progresses to evaluate the success of the MRI
procedure in the intervention context and offer useful
predictability inputsin preparation for thereal MRI examination.
No existing algorithms specific to the study were found. The
physiological data will also help create a time sequence that
could be matched with the information that will be extracted
from the intervention. At the end of the session, it will be
possible to see if, for example, a movement of the patient is
generaly triggered by an increase in stress as captured by the
sensors. The result of the examination will then be compared
with the data obtained during the intervention. The team will
attempt to determine which variables correlate with thereal-life
outcome. Our hypothesis is that a patient who can follow the
instructions well without any signs of anxiety captured by
physiological parameters will have better results in the MRI
procedure than a patient who has difficulty following the
instructions or who shows signs of anxiety expressed through
their physiological parameters.

Study Proceedings (Clinical Validation Phases)

Participantswill beidentified through the radiology information
system as having an appointment for an upcoming MRI
procedure. Either the physician prescribing the MRI examination
or the radiologist will have indicated certain patients as not
needing sedation during the MRI examination and thusidentified
aseligiblefor this study. The research nurse will be notified by
the radiology technologist and will contact the parents for
recruitment a few days before the procedure. On the day of the
appointment, parents will be approached to sign the consent if
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they still agree to the study. The child’s assent will also be
obtained on the same day. Participants are informed of their
assignment to either the preprocedural 1VR game preparation
or usual care group after randomization. Before initiation of the
procedure, the research nurse will explain the intervention to
the patient and install the IVR game preparation and start the
video game program. Baseline measurements of anxiety will
be taken before the interventions in the waiting room (TO).

The research nurse will 1og in 10 minutes before the VR video
game preparation or usual careinterventionsto obtain the group
allocation of the participant if they meet al eligibility criteria.
Given the nature of the interventions, the participants and
personnel cannot be blinded to the interventions. However, to
minimize observer bias given the subjective measures of
outcomes, parents and children will only be informed to which
group they are assigned 10 minutes before the intervention.
Datawill be collected on paper forms and then the information
will be transferred into REDCap (Research Electronic Data
Capture; Vanderbilt University) by a research nurse. Data on
game completion by the child will be recorded but no data will
be collected on specific game inputs. Furthermore, although a
separate screen allows research staff and parents to watch the
child's perspective, none of it will berecorded. The paper copies
of the dataformswill be kept locked. The datawill bereviewed
by a data manager to check for possible errors. The informed
consent, assent, and baseline data collection will require
approximately 10 minutes. After randomization, the VR game
preparation intervention will last for 15 to 20 minutes.
Postintervention data collection will require approximately 10
minutes. In total, the duration of the intervention period, from
recruitment to discharge, will be 30 to 40 minutes for each
participant. Time has been alocated to the clinical workflow
toalow for the research nurseto clean the VR technol ogy before
the arrival of each new patient.

Data collection forms of the participants will be stored under a
double lock at one of the principal investigators' office at the
research center and will be kept for 7 years after the end of the
trial. As this is an open-label clinical trial and no prior data
suggest that any of the 2 interventions are associated with side
effects, a data monitoring committee is not required. However,
the occurrence of any side effectswill be reported to the ethics
committee. VR technology such as a head-mounted display (eg,
Pico Neo Il VR Helmet) has the potential to cause motion
sickness, including discomfort, disorientation, and nausea. To
overcome this issue, the development team specialized in
immersive technology had previously developed a game that
fully maximizes the experience of immersion and the sense of
being in a virtua environment while minimizing motion
sickness. During a previous pilot study using this VR game, no
participant reported motion sickness symptomswhileusing IVR
[43].

Privacy and Confidentiality

A consent form will be presented by a research nurse to
participantsand their parentsor legal guardian to clearly explain
the use of the VR technology, its expected benefits and adverse
effects, and any necessary information that may be collected
for research purposes.
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Results

Recruitment began in April 2022. As of May 10, 2022, only 1
participant for the field test was recruited. No participant for
the clinical trial has been recruited as yet. The data collection
timeframeis projected to be between April 1, 2022, and March
31, 2023. The study period will end in April 2024. Thefindings
will be disseminated through peer-reviewed publications.

Discussion

Feasibility of the Study

The feasibility and acceptability of the research protocol will
be addressed in the field test phase, which will be followed by
aparalel design RCT with 2 groups. The development of aVR
game preparation tool can help increase patient collaboration
by distracting and caming children before entering the MRI
examination room, which in turn will decrease the number of
failed tests and repeat tests and hence increase the efficiency of
the radiology department. We believe that the use of VR in the
pre-MRI examination setting in the form of a fun and
interaction-enabled video game can help reduce MRI
examination—related anxiety in children by familiarizing them
with the MRI environment. Very few studies in the field have
investigated the effect of VR preparation for MRI scans for
children, but the use of aV R-environment education tool before
radiotherapy in adults has shown promising results such as
improved education, reduced anxiety, and improved
patient-reported satisfaction by improved comprehension of the
medical procedure [12]. Other studies have also used VR
exposure as a preparation tool for elective day-care surgery in
children, and results suggest lower levels of anxiety, pain, and
emergence delirium compared with control groups receiving
careasusual [17]. Similarly, children often fear and apprehend
dental visits. Researchers are investigating the use of IVR asa
familiarization tool before dental visits to improve the
experience of children. It is expected that by using a VR tool,
children will become less fearful by becoming more familiar
with what to expect, which in turn can decrease the number of
missed dental visits [44]. As demonstrated by most up-to-date
breakthrough studies, VR game preparation isapromising venue
and this ideology resonates with the aim of this study, whichis
to broaden and confirm the beneficial use of VR game
preparation in anxiety-related MRI procedures.

Clinical Trial

Our study’s field test phase followed by alarger RCT aimsto
transpose and demonstrate the beneficial effect of VR game
preparation for MRI procedures becauseits use has aready been
shown to improve patient satisfaction in other anxiety-related
medical procedures (as previousy mentioned). To our
knowledge, no agorithm has been devel oped toidentify children
who are more likely to be responsive to VR intervention. The
study team aims to develop this innovative biofeedback
algorithm through data collection and analysis. This is a
scientific breakthrough, in that the development of such an
algorithm can potentially identify modifiable participant factors
that future research studies can address to potentialize future
use of VR interventionsin the medical field. Furthermore, this
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project will provide evidence-based knowledge on a
nonpharmacological method for anxiety management for
patients required to undergo MRI studiesthrough an innovative
intervention. Our study provides an aternative method to
manage anxiety and better prepare patients for an awake MR
procedure. The preprocedural IVR game preparation can
potentially decrease the need for sedation by educating the child
about the MRI procedure. The biofeedback will also help predict
which children are more responsive to thistype of intervention.
It is expected that the experimental group, as demonstrated in
other studies, will experience less procedural anxiety after VR
game exposure, which will be featured in this study with
anal ogous physiological parameters (eg, slower heart rate), and
asmaller number of terminated MRI studies asincreased patient
collaboration will reduce anxiety-related movement artifacts.
Positive participant and health care worker satisfaction levels
will aso encourage the use of VR game preparation in other
anxiety-related medical procedures in the future. As opposed
to physically bulky replica scanners that can be used only on
the day of the procedure to help prepare children for MRI
studies, our intervention is more versatile and user friendly. As
VR technology is becoming more accessible to the public, our
VR game preparation can be experienced using portable VR
goggles at home before the day of the MRI procedure. As most
patients requiring an MRI examination come from an outpatient
setting, the portability of our intervention requires less on-site
time and staff to organize and operate the replica scanner on
the day of the imaging study. Thus, the VR game preparation
that our team developed can increase patient turnover in the
radiology department, shorten the waitlist for other patients
requiring MRI examinations, and facilitate medical access.
Participants will have an increased comprehension of the MRI
study, and this positive association with medical equipment can
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further benefit and improve children’s experience with hospital
settings.

Benefitsfor Study Participants

We strongly believe that IVR is an innovative intervention that
could be offered to most of the children scheduled for amedical
imaging procedure. For children digible to use VR, and their
family, it provides a more immersive preparation and could
decrease their anxiety by exposing them to a better preparation
to theintervention ahead of time. It isan easy-to-useintervention
that could be set up in afew minutes and that does not require
an additional resource to make it work.

Preprocedural IVR game preparation may help reduce MRI
examination—related procedural anxiety in children receiving
care, increase satisfaction rate of familieswhose children receive
care and reduce intervention time or repeats required for MRI
studies. As for medium- to long-term impact, there is reduced
fear in the hospital environment, reduced anticipation of the
recurring imaging study procedures, and improved quality of
care for children.

Challenges and Limitations

Recruitment of the necessary sample size of patients may be
difficult to estimate because cases requiring MRI examinations
happen randomly. Furthermore, the game used during this study
was designed by the intervention development team to be
engaging for our target audience, to be easy to use within the
parameters necessary to the completion of the study, and to
minimize cybersickness. Asaresult, conclusionsfrom this study
may be difficult to extrapolate outside of our own controlled
setting and may need the same game or another one designed
with the same parametersin mind.

French-Canadian version of the State-Trait Anxiety Inventory for Children (STAIC-F).

[DOCX File, 23 KB - resprot_v11i6e30616_appl.docx ]

Multimedia Appendix 2
Children’s Fear Scale.
[DOCX File, 45 KB - resprot_v11i6e30616_app2.docx |
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Abstract

Background: On Reunion Island, incidence and mortality for uterine cervical cancer is high, yet coverage rate for human
papillomavirus (HPV) vaccination is low.

Objective: The main objective of the study isto evaluate theimpact of a health promotion program promoting HPV vaccination
on the proportion of middle school girls who complete the full HPV vaccination schedule (2 or 3 doses) by the end of school
year.

Methods: Thisstudy isacluster controlled intervention study using asuperiority design. A combined health promotion program
will be offered containing information to students and parents, training of general practitioners, and free school-based vaccination
(in a“health bus’). Children who attend this program will constitute the intervention group and will be compared to children
from another middle school who will not attend the program constituting the control group.

Results: Recruitment began in October 2020. In the intervention school, of 780 students, 245 were randomly selected in the 12
classes. In the control school, 259 students out of 834 were randomly selected.

Conclusions: In this study, we explore the impact of a health promotion program combining information toward students,
parents, and general practitionerswith free school -based vaccination. We expect asignificantly higher HPV vaccination coverage
in the intervention school as compared to the control school, whether it be among girls or boys. The final implication would be
an extension of this program in al middle schools on the Island and thus an increase in HPV vaccination coverage.

Trial Registration: Clinical Trials.gov NCT04459221; https://clinicaltrial s.gov/ct2/show/NCT04459221

International Registered Report Identifier (IRRID): DERR1-10.2196/35695

(JMIR Res Protoc 2022;11(6):€35695) doi:10.2196/35695
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Introduction

Background

On Reunion Island, a French territory located near the eastern
coast of Madagascar in the Indian Ocean, uterine cervical cancer
is the fourth most common cause of cancer in women, similar
to worldwide [1]. However, the standardized incidence rate in
2016 was 8.8 in 100,000 women, 2 times higher than in
metropolitan France. The standardized mortality rate followsa
similar trend: on Reunion, it accountsfor 4.8 in 100,000 women,
whereas the metropolitan rate was 1.7 in 100,000 women [2,3].

Cervical cancer results from human papillomavirus (HPV)
infection, which isthe most common viral sexually transmitted
infection. There are morethan 100 types of HPV, some of which
are high-risk oncogenes, such as HPV 16 and HPV 18, which
are responsible for 70% to 80% of invasive cervical cancers
[4]. On Reunion Idland, most frequent HPV genotypesare HPV
16, HPV 52, HPV 33, and HPV 31, al contained in the
nonavalent HPV vaccine [5].

Indeed, prevention of cervical cancer is mainly based on
screening by cervical HPV test and on HPV vaccination, which
has proven to be effective in reducing the prevalence of HPV
transmission but also in reducing the incidence of condyloma
and intermediate grade dysplasia [6,7]. Since HPV is mainly
transmitted sexualy, it is important to vaccinate before the
beginning of sexua life.

Because HPV infections can aso lead to vulvar, vaginal, penile,
anal, or throat cancers, some countries (eg, United States,
Canada, Australia, Germany, Austria, Belgium, Italy)
recommend gender-neutral vaccination in order to promote herd
immunity and reduce circulation of the virus in the genera
population [6,8]. In France, since December 2019, it is
recommended that HPV vaccination should be offered to all
children, regardless of their gender, aged 11 to 14 years (2
doses), with catch-up vaccination possible for adol escents aged
15 to 19 years not yet vaccinated (3 doses). Before December
2019, vaccination was only recommended for girls. High levels
of vaccination coverage are obtained in countriesthat vaccinate
in schools[9-11].

On Reunion Island, the HPV vaccination coverage rate is the
lowest in France, estimated at 8.1% among girls aged 16 years
in 2018, whilethe national averageisalready low (23.7%) [12].

This low coverage rate on Reunion Island may have several
explanations. First, inhabitants seem to be poorly informed
about the existence of this vaccine [13]. Moreover, vaccination
coverage rates depend on the socioeconomic level of the
population. In France, lower rates of HPV vaccination uptake
were observed in adolescents with universal health insurance
coverage (French equivalent of the US Medicaid program)
compared with those not receiving such insurance[14]. Reunion
Island is one of the French departments with the highest rates
of inhabitants covered by thisuniversal hedlthinsurance. Finaly,
not only isthere vaccination hesitancy in general but also most
specifically against HPV vaccine, among patients and also
among physicians[13]. A total of 41% of Reunion inhabitants
hold unfavorable opinions about vaccinations, with the HPV
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vaccine being among the most frequently cited. Among patients
not vaccinated against HPV, 37% stated that the vaccine had
not been suggested to them by their doctor, and 7.3% were
confronted with doubts expressed by their doctor concerning
vaccination in general [13]. However, a systematic review of
79 studiesin 15 countries showed that the most important factor
influencing HPV vaccination was physician recommendation
[15,16]. Indeed, 89.3% of the Reunion population fully trusts
their doctor [13]. Therefore, interventions targeting health
professionals and especially general practitioners appear to be
paramount, especially when combined with interventions
targeting the population to be vaccinated [17].

Thus, given the epidemiological situation on Reunion Island
(high incidence and mortality for cervical cancer, very low
coverage rate for HPV vaccination), we aimed to study the
impact of a prevention program against sexually transmitted
infections, including pathol ogiesrelated to HPV, with aprogram
promoting HPV vaccination among young students in middle
school.

Objectives

Hypotheses were as follows. (1) clear and appropriate
information for the target population of the vaccination (middie
school students aged 9 to 17 years) as well asfor their parents
will improve their knowledge about HPV vaccination and thus
increase their adherence to this vaccination regimen, (2)
combining information with vaccination in the school setting
will improve coverage, asit will reduce any material obstacles
that may prevent the vaccination process, and (3) raising
awarenessamong general practitionerswill enable them to better
understand the benefits and risks of HPV vaccination and thus
encourage families, who naturally trust them, to adhere to the
program.

The main objective of the study is to evaluate, in a population
of middle schoal girlson Reunion Island, theimpact of ahealth
promotion program on the proportion of middle school girls
who completethe full HPV vaccination schedule (2 or 3 doses)
by the end of school year.

The program, conducted during school year, will combine: (1)
sexual health promotion (students and parents) during classes
at schoal at the beginning of school year, (2) training of general
practitioners (who practice in a perimeter of 5 km around the
middle school) on HPV vaccination at the beginning of school
year, and (3) free school-based vaccination (in a“health bus’)
during the academic year.

Secondary objectivesin the study population at the end of school
year are as follows:

« Assess the impact of the combined health promotion
program on the proportion of middle school girls who
initiated HPV vaccination (at least 1 dose)

«  Assess the acceptability of the HPV vaccination program
among middle school boys

«  Describethebarriersto HPV vaccination for both girlsand
boys

«  Assess the acceptability of HPV vaccination in the school
setting
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« Assessthe value of setting up a sexual health information
point through a health bus

- Evaluate the satisfaction of students, parents, and school
workers with the measures put into place

- Evaluate vaccination coverage for different mandatory
vaccines according to the current national vaccination
calendar

The aim of this study was to evaluate whether a health
promotion program combining information and free
school-based vaccination could raise HPV vaccination coverage.

Methods

Trial Design

This study is a cluster controlled intervention study using a
superiority design. Children who will attend the combined health
promotion program will constitute the intervention group and
will be compared with children who will not attend the program
(asiscurrently the casein all French middle schools), who will
constitute the control group.

Study Setting

This trial will concern Reunion Island in order to investigate
the particular epidemiological situation of HPV on the island,
even if the results of this study are expected to be applicable to
other French regions.

The 2 arms of the trial will be designed to have the most
comparable populations and to avoid any risk of contamination
between the 2 arms or having general practitionerstaking care
of children in both schools.

We have thus chosen to carry out a cluster trial. The 2 groups
(intervention group and control group) will be selected from a
middle schoolslocated in each of 2 cities. In each of the schools,
we will randomly draw 3 classes in each grade level (6th, 7th,
8th, and 9th grade) to have a balanced number of studentsin
each arm (see sample size). Thus, 12 classes will be selected
for each school.

Provided that there is a relationship between socioeconomic
status and vaccination coverage, it was decided to focus the
study only on middle schoolsin priority education zones, which
theoretically enroll a population in which HPV vaccination
coverage is the lowest. On Reunion Island, 21 middle schools
are classified as priority education zones, spread over 7 cities.
In agreement with the head of the academy and the school
directors, 2 schools have been designated among the
abovementioned middle schools: the intervention school will
be Paul Hermann Middle School, located in St Pierre, and the
control school will be Plateau Goyave Middle School, located
in St Louis.

These choices are based on the school s’ ability to participatein
thisresearch, their geographical location, and the ability to park
the health bus at or in theimmediate surroundings of the school
of the intervention group. The health bus will be provided by
the Association d'Education Thérapeutique et d’ Intervention
Sociale (ASETIS, or Association for Therapeutic Education
and Social Intervention), existing since 1996 and recognized as
being of public interest.
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Eligibility Criteria

Inclusion criteria are as follows: enrolled in one of the classes
randomly selected in the 2 middle school s designated, affiliated
with or benefiting from asocial security system, who will agree
to participate in the study and whose parents or holders of
parental authority will sign afree, informed, and written consent.
Exclusion criteria (intervention group only) are as follows:
hypersensitivity to the active substances or to one of the
excipients of the vaccine (Gardasil 9), a permanent
contraindication to vaccination, pregnant or breastfeeding (based
on self-reporting), already initiated HPV vaccination (complete
or incomplete schedule), or eligibleto participate for collection
of data but not for vaccination in the health bus; students with
an incomplete vaccination schedule will be referred to their
genera practitioner to complete the missing doses. VVaccinations
will be performed by ajunior doctor under the supervision of
asenior doctor.

I ntervention Description

I ntervention Group

Meetingswith parentsin the intervention middle school will be
scheduled at the beginning of school year to inform parents
about HPV vaccination and explain this study to them. Consent
formswill be collected during these meetings. If assembliesare
forbidden by the government because of COVID-19, information
meetings for parents will be cancelled. Instead, 6 interventions
will be planned.

August-September: Program Information Sent Hometo
Parentsvia Students

Written information adapted to student age about HPV
vaccination, and documents outlining objectives, interventions,
congtraints, foreseeable risks and expected benefits of the
research, and the rights of the participants in this research
context will be sent with children to give to their parents.
Consent form to participate to the study to be signed by both
parents or holders of parental authority and a
sociodemographical questionnaire with questions about HPV
knowledge will also be included.

October-November: Contact With Parents and Return of
Information to School

Investigation team will call each authority holder individually
by telephone to inform them about HPV vaccination, the study,
its objective, nature of the constraints, and foreseeable risksand
expected benefits of the research. The team will also remind
them of therights of participantsin research and will check the
eligibility criteria. Finally, when possible, the team will collect
their oral consent. Parentswill be asked to place the documents
(consent form and sociodemographic questionnaire) in an
envelope and seal it before returning it to the main teacher for
reasons of data confidentiality. Documentswill then be collected
by the investigation team.

November-December: Data Collection and Student
Information Sessions About Sexual Health and Vaccination

Children in the selected classes will be asked to bring in their
health record on a specific date, along with the above mentioned
documents, for those who forgot to return the envelope to the
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main teacher previoudly. On that day, aninvestigator will collect
data necessary for the study in the health records (especialy
vaccination data) for children for whom consent form was signed
by the parents. During this time, an information session about
sexually transmitted diseases and vaccination will be given in
class, lasting approximately 1 hour and adapted to the level of
understanding (according to grade and age), in partnership with
teachers. Health records will be immediately returned to the
students.

November-December: General Practitioner Information
Dissemination

A total of 88 general practitioners working in aradius of 5 km
around Paul Hermann Middle School will be sent aninformation
leaflet about HPV vaccination and cervical cancer prevention,
including thelatest literature review, and information about this
study. If meetings are forbidden, general practitioners will be
invited to a video conference cal, “Around HPV,” at the
beginning of school year.

December, February, and May (3 Campaigns): HPV
Vaccination in the Health Bus

Free HPV vaccination will be offered in a health bus for girls
and boys. The bus will be parked in the playground, inside the
school grounds, allowing students to go there during breaks,
lunchtime, or after school. Vaccination periods will be
predefined, so that the recommended HPV vaccination schedules
can be followed.

Vaccinations will be performed by the medical staff of the
University Hospital of Reunion Island (a junior doctor under
the supervision of a senior doctor) after informed consent to
vaccination signed by either parents or holders of parental
authority, who are invited to come along into the bus with their
child.

Vaccination will be performed with nonavalent HPV vaccine.
The proposed schedule is the one recommended by the
marketing authorization: children aged 9 to 14 years (girl or
boy): 2-dose schedul e (intramuscular), with the second dose to
be administered between 5 and 13 months after the first dose;
children aged 15 years and older (girl or boy): 3-dose schedule
(intramuscul ar), with the second dose to be administered at |east
1 month after the first and the third at least 3 months after the
second, with all 3 doses to be administered within 1 year. The
vaccine label datawill be documented in the health record.

Before vaccination, absence of contraindications will be
checked. In case of high fever or acute illness, the vaccination
will be postponed and offered at alater date. Vaccinated persons
will be monitored for at least 15 minutes after vaccination in
the presence of medical staff because of adverse effects that
may occur in the direct aftermath of the injection (rare
anaphylactic reactions, syncope (fainting) sometimes associated
with falls) or psychogenic reaction to needle injection
(neurological signssuch astransient blurred vision, paresthesias,
and tonic-clonic movements of the limbs during the recovery
phase). During campaigns in February and May, the first dose
of vaccination can be offered, although children will be asked
to return to their general practitioner for subsequent doses.
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The health bus system will beimplemented as part of this study.
Two students will be able to be vaccinated at atime. A child
will never be |eft alone with an adult inside the bus; there will
always be a minimum of 2 adults present. Students can take
advantage of this special time on the busto receive personalized
information on sexuality and obtain free condoms.

June: Data Collection in Randomly Selected Classes

At the end of school year (June), an investigator will collect
data from health records at a specific time during class. In
particular, the researcher will look for the presence of de novo
HPV vaccination performed by general practitioners outside of
the health bus. Signed consent of parents or holders of parental
authority will be collected before any intervention in the study
(ie, before data collection and before school vaccination is
carried out).

Vaccination data, even if not collected a the time of the
intervention, can be collected either during the vaccination
campaigns, or during the intervention at the end of school year,
especialy for children whose parents have agreed to participate
but not to be vaccinated in the health bus. Indeed, since
vaccination dates appear in the health record, it will be possible
afterward to know whether pupils were vaccinated before the
interventions under study in order to have the vaccination rate
at the very beginning of the study.

July-September: Evaluation of Satisfaction and Barriersto
Vaccination

Research staff will meet with students, parents, members of
school staff, and general practitioners who volunteered, and
semidirected interviews will be conducted to understand their
satisfaction about the study and determine barriers to
vaccination.

Control Group

In the control middle school, the study will take place at the
end of school year (May-June) in 2 stages.

Parent I nformation About the Study

We will organize parent meetings to inform them of the study.
If no parental meeting is possible due to the COVID-19
pandemic, parents of children in selected classes will be sent
an envelope containing written information about HPV
vaccination and information about the study, the
sociodemographical questionnaire, and the objection form to
participate to the study (data collection of health record). Thus,
if the form is returned to a teacher, the investigation team will
not be able to access the child's health record. On the other
hand, if no form is returned, it will be considered that parents
do not object to data collection.

Data Collection and Student I nfor mation About Sexual
Health and Vaccination

Children in the selected classes will be asked to bring in their
health record on a specific date, along with the completed
sociodemographic questionnaire and signed informed consent
for data collection from parents. On that day, an investigator
will collect data necessary for the study (especially vaccination
data) in the health records for children for whom no objection
form was returned. During this time, an information session
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about sexually transmitted diseases and vaccination will be
given in class, lasting approximately 1 hour and adapted to the
level of understanding (according to grade and age), in
partnership with teachers. Health records will be immediately
returned to the students concerned.

Figure 1. Initia participant timeline. HPV: human papillomavirus.
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Participant Timeline

Participant timelineisdisplayed in Figure 1. In case assemblies
are forbidden due to COVID-19 pandemic, parental meetings
will be cancelled and an dternative participant timeline is
displayed in Figure 2.

School year August (Year Y) to June (Year Y+1)

May Y+1 May-June Y+
Control 1. Information 2. Informaticn to students
school to parents About HPV vaccination
Parental During school class
meeting
Data collection :
- Health records
- Sociodemographical
questionnaire |
December
August-Sept Oct-Dec YearY YearY June Year Y+1
February )
e 2.1Inf to parents acdnation Year Y+1 6. Data collection:
Linformation : a 1 = Heath records
Intervention o students Meetings with parents - May e
school P Information about HPV vaccination 3 YearY+1 S
= toL + collection of informed consent 2 July-Sept Year ¥+1

given to 3 7. Evaluation of

parents. 3. Information to students i i
About HPV vaccination Semi-directed
e 5. HPV vaccination e
Data collection: Inthe « health bus » parents and school staff
- Health recors + collection of informed consent
- Sociod ical
questionnaire

4. General practitioner
training
Information meeting
(radius of Skm around the
intervention school)

Figure 2. Participant timelinein the context of COVID-19, with meeting restrictions. HPV: human papillomavirus.

CovID-19
context

School year August (Year ¥) to June (Year Y+1)

May Y+1 May-lune ¥+1
1. Information 2. Information to students
to parents About HPY vaccination
Envelope sent During school class
with written

- Health records
- Sociodemographical

information
questionnaire

Data collection : ‘

December
August-Sept Oct-Dec Year ¥ Year ¥ June Year ¥+1
February —
Yeack 2. Information to parents jactianen Yearvel 6. Data collection:
e ()] e Phone call to parents ) — . ] m - Heath records
*f- lar
g fataieys Information about HPV vaccination wmﬁmﬂn ¥ \f! ¥a - Adverse events
EM"‘I“” St;“’: + collection of oral consent = y— July Sept ear ¥+l
nvelope to be
given to 3 7. Evaluation of
parents 3.Information to stude¢ts | 0 =—— satisfaction:

During school class
DData collection:
- Health recors

About HPV vaccination

Semi-directed
interview of students
parents and school staff

5. HPV vaccination
In the « health bus »

+ collection of written informed consent

questionnaire

4. General practitioner
training
Video call conference
(radius of 5km around the
intervention school)

Data Collection and M anagement

Datawill be collected in apaper observation book after consent
is signed by parents or holders of parental authority and by
students. Datawill be collected in theform of self-questionnaires
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(parents and children). Data concerning vaccination status at
inclusion and at the end of the study were checked in the health
record by the investigation team.

Datawill be collected in paper format and will be entered into
an electronic case report form (Ennov Clinical) by a clinical
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study technician. Data will be saved daily. A data validation
plan, defined jointly by the principal investigator and the
Methodol ogy and Data M anagement Center (from the University
Hospital of Reunion Island), will be developed and the controls
to be performed will be described in detail for each variable.
Once data entry is completed, the data will be checked for
consistency. Inconsistencies will be reported in the CS Test
module of Ennov Clinical. The data freeze/unfreeze process
will be performed according to the procedure set up in the
Methodology and Data Management Center.

Plansfor Storage of Vaccine

University Hospital of Reunion Island will be in charge of
purchasing the vaccine doses and providing them, viathe central
pharmacy, to the ASETIS health bus at the intervention college.
There will be no change in product packaging, which was
identical to the packaging at the time of purchase: 0.5 mL glass
prefilled syringes with needles. Labeling (in accordance with
current regulations and good clinical practice) referring to use
in clinical research will be &ffixed to the boxes of vaccines
intended for the study. The products will be brought by a staff
member of the ASETIS association on the days of school
vaccination.

The products will be transported, respecting conditions of
conservation of the vaccine (kept between 2 °C and 8 °C and
protected from light). Expiration date will be checked before
any injection. Accounting and traceability of the doses given
will be documented by the doctors administrating the
vaccination. The health bus has the capacity to store the vaccine
doses in the appropriate conditions in arefrigerator.

The productswill be stored at the central pharmacy in University
Hospital of Reunion Island and in the health bus on vaccination
days. The unused doses during the first school vaccination
campaign (first dose) will be returned to the hospital central
pharmacy to be used during the following campaigns. At the
end of the vaccination campaigns, the unused or expired doses
will be destroyed according to the regulationsin force.

Statistical Analyses

Sample Size

To our knowledge, there are no recent studies that have
evaluated the impact of school-based vaccination on HPV
vaccination coverage rates. An experimental catch-up
vaccination program (diphtheria, tetanus, poliomyselitis,
pertussis, measles, mumps, rubella, meningococcus C, hepatitis
B, and HPV) in schools in the Vosges (Eastern France) [18]
showed a participation rate ranging from 42.9% in thefirst year
to 29% in the second year.

The calculation of the study size is based on the expected
proportion of vaccination among girls, as this is the main
objective of this study and we have no data for vaccination
among boys at thistime. Statistical assumptionswere asfollow:

«  Proportion of schoolgirls who have had a complete HPV
vaccination schedule at the end of school year of 6% inthe
control group for all students (compared to the 8.1%
expected at age 16 years[12])

https://www.researchprotocol s.org/2022/6/€35695
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«  Proportion of schoolgirlswith acomplete HPV vaccination
schedule at the end of the school year of 20% in the
intervention group

Thus, 87 girls in each group would need to be included to
demonstrate this 14% difference at a=.05 and power
(1-p=0.80). Assuming 15% nonanalyzable data (lost to
follow-up, nonresponse), a total of 103 female students per
group would need to beincluded. Asthere are roughly as many
girls as boys in each class, we would need to include 206
students per group. In order to have an equal representation of
each age group, the sampling will be stratified in the grades:
6th, 7th, 8th, and 9th grade. Thus, 52 students per grade and per
group should be included.

If we consider that the classes contain an average of 22 students
each, a minimum of 3 classes per grade should be randomly
selected in each of the 2 middle school s to ensure the minimum
necessary recruitment. Thus, randomly selecting 3 classes per
grade in each of the 2 middle schools will make it possible to
include approximately 132 female students per group and thus
to ensure the minimum necessary recruitment. A total of 528
students are expected to be recruited (264 girls[132 per group]
and 264 boys [132 per group]). The calculation of the number
of subjects required was performed with PASS (version 15,
NCSS) software.

Sequence Generation

In priority education schools, there are classes called Sections
d’ enseignement general et professionnel adapté (SEGPA;
adapted general and vocational education sections): these
classes, from 6th to 9th grade, are integrated into the middle
school. They welcome young peoplewho have significant school
difficulties that cannot be resolved by academic assistance and
support. Thereisonly asmall group of students (16 maximum)
in each class in order to individualize each student's progress.
SEGPA classes should enable students to access at least a
professional qualification.

In the Paul Hermann Middle School, there are 9 classesin each
grade, including 2 classes of SEGPA per grade. In the Plateau
Goyave Middle Schoal, there are 9 classesin 6th grade and Sth
grade and 10 classesin 7th and 8th grade, including 2-3 classes
of SEGPA per grade. In each of the selected middle schools,
12 classeswill berandomly selected in order to have abalanced
number of studentsin each arm.

In order to have an equal representation of each age group, the
sampling will be stratified on the grade (6th, 7th, 8th, and Sth
grade), and in order to take into account the specificities of
SEGPA classes, we decided to stratify on SEGPA classes as
well. Asthe main point in this comparative trial was similarity
of the 2 groups compared, we decided to randomly select 1
SEGPA class per grade and 2 non-SEGPA classes per grade.
Thus we will include in this trial 256 students from Paul
Hermann Middle School (intervention group) and 255 students
from Plateau Goyave Middle School (control group).

Statistical Methodsfor Primary and Secondary Outcomes

The aim of this study isto compare clinical outcomes between
classes from a middle school sensitized to HPV vaccination
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through a combined health promotion program (intervention
group) and amiddle school without any specific action (control
group). The null hypothesisis that there is no difference in the
groups. For descriptive analyses, qualitative variables will be
described in terms of frequencies and percentages with their
95% confidence intervals, quantitative variables will be
expressed in terms of means, standard deviations, and 95%
confidenceintervalsor in terms of mediansand | QRs (25th and
75th percentiles).

Comparability of groupsat inclusion will be checked: bivariate
comparisons of categorical variables will be performed by the
chi-squaretest or Fisher exact test, depending on the conditions
of application. Bivariate comparisons of means will be
performed by the Student t test or Mann-Whitney U test,
depending on the conditions of application. For the analysis of
the primary outcome: the proportion of schoolgirls who will
have completed the full HPV vaccination regimen at the end of
the school year will be compared between the 2 groups
(intervention and control) by the chi-square test or Fisher exact
test, according to validity conditions.

Concerning secondary outcomes analysis. the proportion of
schoolgirls who initiated HPV vaccination (1 dose) by the end
of school year will be compared between the 2 groups
(intervention and control) by the chi-square test or Fisher exact
test according to validity conditions. The proportion of boys
who will have completed the full vaccination schedule at the
end of school year will be compared between the 2 groups
(intervention and control) by the chi-square test or Fisher exact
test, according to validity conditions. The proportion of boys
who will haveinitiated the vaccination scheme at the end of the
school year will be compared between the 2 groups (intervention
and control) by the chi-square test or Fisher exact test, depending
on the conditions of validity.

The analysis of barriersto vaccination will describe the causes
of nonvaccination reported for students who did not initiate the
vaccination schedule. Analyseswill be performed for girls and
boys separately. We will aso compare sociodemographic data,
medical history, and health care utilization data between students
who initiated HPV vaccination at the end of the school year and
those who did not in the intervention group. Bivariate
comparisons of percentageswill be performed by the chi-square
test or Fisher exact test depending on validity conditions. For
continuous variables, comparisons will be made using the
Student t test or the Mann-Whitney U test, depending on the
conditions of validity. A multivariate analysis by logistic
regression will be carried out in order to take into account
confounding phenomena: the variable to be explained will be
the fact of having initiated vaccination at the end of the school
year, and the explanatory variables entered in the model will
be the variables for which the significance threshold in bivariate
analysis will be <.20.

To be determined in the intervention group: among students
who initiated HPV vaccination at the end of school year, the
proportion of students who used the health bus to initiate this
vaccination. Among studentswho completed the full vaccination
schedule at the end of school year, we will determine the
proportion who completed all injections on the health bus.
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In the intervention group, the proportion of students who used
the health bus for sexual health information will be evaluated.
In the intervention group, positive and negative points reported
by students, their parents, and school staff about this program
will be described. Proportion of students up to date for each
type of vaccine (according to current vaccination calendar) at
the end of school year, in the entire study population aswell as
in each of the 2 groups (intervention and control), and
comparison of these proportions between the 2 groups by the
chi-squaretest or Fisher exact test will be determined, according
to validity conditions.

Analyses comparing control group to intervention group will
all be performed on an intention-to-treat basis. All hypotheses
will be tested with bilateral tests and a=.05 and confidence
interval calculated at 95%. Analyses will be performed using
SAS (version 9.4, SAS Ingtitute Inc) software.

Ethical Consider ations

The sponsor and investigators agree that this research will be
conducted in accordance with the law no. 2012-300 of March
5, 2012, relating to research involving human persons; Good
Clinical Practices (version 4 of November 9, 2016, and decision
of November 24, 2006); and the Declaration of Helsinki [19].
The research is conducted in accordance with this protocol.
Except in emergency situations requiring the implementation
of specific therapeutic procedures, the investigators undertake
to comply with the protocol in al respects, in particular with
regard to the collection of consent and the notification and
follow-up of serious adverse events.

Thisresearch hasreceived the favorable opinion of theresearch
ethics committee (Comité de Protection des personnes (CPP);
ethics committee for the protection of individuals) of Ouest 11
of Angers(No. 20.05.14.35227; 2020/46) and the authorization
of the Agence nationale delasécurité du médicament (ANSM),
the French equivalent of the US Food and Drug Administration.
The University Hospital of Reunion Island, promotor of this
research, has taken out a civil liability insurance policy with
the hospital insurance company Société hospitaliére d’ assurance
mutuelle (no. 158958) in accordance with the provisions of the
public health code.

The data recorded during this research are subject to
computerized processing at the University Hospital of Reunion
Island, responsible for data processing in compliance with the
law no. 78-17 of January 6, 1978, relating to data processing,
files, and freedoms modified by the law 2004-801 of August 6,
2004 and modified by the law no. 2018-493 of June 20, 2018.
This research fals within the framework of the reference
methodology (RM-001) in application of the provisions of
Article 54 paragraph 5 of the amended Act of January 6, 1978,
relating to information, files, and freedoms. This change was
approved by decision of January 5, 2006, updated on July 21,
2016. The University Hospital of Reunion Island, responsible
for data processing, has signed a commitment to comply with
this reference methodology. The research sponsor undertakes
to carry out the research in compliance with the General Data
Protection Regulation of April 27, 2016, implemented on May
25, 2018. This research is registered in the ANSM European
Union Drug Regulating Authorities Clinical Trials Database
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[73-2020] and at Clinical Trials.gov [NCT04459221]. Authors
obtained consent to participate in the study from participants
and their parents (or holders of parental authority). Written,
informed consent to participate was obtained from all
participants.

Availability of Data and Materials

The following documents relating to the research are archived
by the investigator in accordance with Good Clinical Practice
for a period of 15 years following the end of the research
(researchinvolving drugs, medical devices, or in vitro diagnostic
medical devices or research not involving a product mentioned
inarticle L.5311-1 of the public health code): the protocol and
any amendmentsto the protocol, observation notebooks (copies),
the sourcefiles of participants who have signed aconsent form,
and al other documents and letters related to the research.

Original copies of signed informed consents from participants
and authority holders will be archived for a period of 30 years
following the end of the research. All of these documents are
theresponsibility of theinvestigator for the regulatory archiving
period. No movement or destruction will be made without the
sponsor’sapproval . At the end of the regulatory retention period,
the sponsor will be consulted for destruction. All data,
documents, and reports are subject to audit or inspection.

Figure 3. Intervention screenshots.

Discussion

Principal Findings

In this study, we expect significantly higher HPV vaccination
coverage (full vaccination or first dose) in the intervention
school as compared to the control school, whether it be among
girls or boys.
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Within 1 year of the completion or termination of the research,
afinal report will be prepared and signed by the sponsor and
investigator. Thisreport will be made availableto the competent
authority. The sponsor will transmit the results of the research
to the CPP and, if necessary, to the ANSM in the form of a
summary of the fina report within 1 year of the end of the
research. The data sets generated and analyzed during this study
are available from the corresponding author on reasonable
request.

Results

This study was funded in September 2019. Recruitment began
in October 2020 (Figure 3). Concerning vaccination, recruitment
was completed by June 2021. Concerning evaluation of
satisfaction of participants and evaluation of barriers to HPV
vaccination, completion of recruitment was completed by
December 2021.

In the intervention school, of 780 students, 245 were randomly
selected in the 12 classes. In the control school, 259 students
out of 834 were randomly selected. Analyses are still ongoing,
though it seems that this health promotion program offering
information to students, parents, and general practitioners and
free school-based vaccination had a positive impact on the
intervention school and drew many studentsinto the health bus
for HPV vaccination.

Comparison With Prior Work

Previous studies have adready shown the benefits of
school-based educational sessions to improve adolescent
knowledge and behavior regarding HPV prevention and increase
the likelihood of the students to become vaccinated [20,21].
Education interventions represent a simple yet potentially
effective strategy for increasing HPV vaccination, especially
when targeting groups influential to the HPV vaccination
behaviors of adolescents: parents [22], school staff [23], and
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health care professionals[24]. Indeed, knowledge was associated
with recommendation intention and behavior.

Strengths and Limitations

This protocol is submitted more than a year after recruitment
began, since sanitary COVID-19 condition was in constant
change and evolution and it was difficult to know whether we
could continuethe process of thetrial. Amendmentswere made

Tranetd

On Reunion Idand, specificities regarding economic and societal
development are as follows: high rate of universal health
insurance coverage where the high cost of HPV vaccine may
be a barrier, mixed culture with religious faith incompatible
with premarital sex and racist biopolitical mistrust of the West
from which the vaccine comes from, and the particular weight
of the antivaccine |eagues which casted a negative halo around
the subject [25]. Thus we expect a strong veto from parents.

and submitted to the ethics committee, facing prohibition of
meetings with more than 6 people. This protocol is the result
of our constant adaptation to these different obstacles.

Future Directions

Analysis of satisfaction and specific barriers to vaccination in
this school-based design will help us improve our program.
Maybe on Reunion Island, with a population with early sexual
lifeand ahigh rate of adolescent pregnancy (5%) [26], the target
age of HPV vaccination should be reconsidered. The final
implication would be an extension of thisprogramin all middie
schools on the island and an increase in HPV vaccination
coverage. These results are promising and may be a stepping
stone to expand this program to the whole Reunion Island and
hopefully someday decrease the burden of cervical cancer.

Having different exclusion criteria for participants in the
intervention and control arms m ay introduce a selection bias
by design. However, we wanted to include as many children as
possible in the control group to have a representative sample
of the population, and the groups may still be comparable. The
sample size calculation has not taken into account correlation
between participants in the same cluster. As such, the sample
sizeislikely to be too small. However, one limit is the price of
the vaccine, which limited our ability to include more students,
with regard to the funds all ocated.
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Abstract

Background: Numerous studies have demonstrated the effectiveness of mindfulness-based programs (MBPs) among both
clinical and nonclinical populations. These data document positive impacts in the workplace, including reducing perceived stress
and burnout and increasing well-being. However, the effectiveness for productivity, which is of most interest to managers and
administrators, is still unclear. In addition, MBPs in the workplace tend to be modified by reducing the number of the program
sessions or delivering content onlineto improve accessibility. To date, however, theimpact of MBPsthat feature these modifications
on productivity in the workplace has not been investigated.

Objective: The study aims to investigate the effectiveness and cost-effectiveness of online-delivered brief mindfulness-based
cognitive therapy (bMBCT) for improving productivity and other work-related outcomes among healthy workers compared to
the waitlist control.

Methods: We will conduct a 4-week randomized controlled trial (RCT) with a 6-month follow-up. Employees areincluded in
the study if they (1) are between the ages of 20 and 65 years and (2) work longer than 30 hours weekly. Employees are randomly
allocated to either the bMBCT group or the waitlist control group. The primary outcome of the study is the mean difference of
productivity measured by the World Health Organization Health and Work Performance Questionnaire (WHO-HPQ) between
the groups at 4, 16, and 28 weeks. Secondary outcomes include several clinical outcomes and health economics evaluation.

Results: We started recruiting participantsin August 2021, and the intervention began in October 2021. A total of 104 participants
have been enrolled in the study as of October 2021. The intervention is scheduled to be completed in December 2023. Data
collection will be completed by the end of January 2024.

Conclusions:. Thenovelty of the study isthat (1) it will investigate bMBCT’s effectiveness on productivity, which isstill unclear,
and (2) samples are recruited from 3 companies in different industries. The limitations of the study are that (1) all measures
assessed are in self-report format and (2) we lack an active control group. This study has the potential to provide new data on the
relationship between MBPs and occupational health and productivity.
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Introduction

Background

Mindfulness-based programs (MBPs) are defined as
interventions featuring systematic and sustained training in
formal and informal mindfulness meditation practices; this
training isrecognized as central to both the therapeutic approach
and the underpinning theoretical model [1]. Numerous clinical
trials have demonstrated the effectiveness of MBPs in clinical
populations, including patients with depression [2-4], anxiety
[5-11], cancer [12-15], and pain [16-20]. These results have
been affirmed by the findings of several meta-analyses[21-25].

However, it should be noted that the effectiveness of MBPs is
not restricted to clinical populations. MBPs have been shown
to be effective in nonclinical populations as well. Existing
evidence indicates that MBPs are efficacious for the
improvement of stress, sleep, quality of life, and subjective
well-being in healthy individuals[26-38]. Thisisal so applicable
inthe context of occupational health. Intheir latest meta-analysis
of 23 randomized controlled trials (RCTS), Bartlett et a [39]
endorsed the effectiveness of MBPs in the workplace for the
improvement of numerous clinical factors, such as perceived
stress, psychological distress, depression, anxiety, burnout,
well-being, and sleep.

Rationale for the Study

Regarding productivity, which is of most interest to managers,
Bartlett et al [39] concluded that productivity was assessed too
inconsistently and infrequently for related resultsto beincluded
intheir meta-analysis; thus, they reported the results narratively.
Three previous studies have indicated that absenteeism and
presenteeism post-MBP intervention show a positive but
nonsignificant tendency [35,40,41]; however, one study
indicated no effect in that regard [42,43]. Regarding work
engagement, although 1 study showed null results [42,43],
another study revealed asignificant positive effect of MBPson
work engagement [44]. As the inconsistency of the results of
previous studies indicates, the effect of MBPs on productivity
in the workplace is still unclear. In addition, certain aspects of
MBPs, including the delivery mode (eg, online delivery) and
the number of sessions, tend to be modified when applied in
the workplace to improve accessibility. These modifications
are likely to be applied more frequently because of the effects
of the COVID-19 pandemic. However, in 85% of the studies
included in the meta-analysis by Bartlett et a [39], the
interventions were delivered face-to-face and the average
number of sessions offered was not necessarily small (7). Thus,

https://www.researchprotocol s.org/2022/6/€36012

the effectiveness of MBPs delivered online and in a small
number of sessions for improved accessibility has not been
sufficiently investigated, especially in terms of productivity in
the workplace.

Therefore, we developed a brief mindfulness-based cognitive
therapy (bMBCT) program, which consists of four 1.5-hour
sessions, to evaluate the effectiveness and cost-eff ectiveness of
online bMBCT for the improvement of productivity and other
work-related indicators compared to the waitlist control.

Aim
The aim of this study is to investigate the effectiveness and
cost-effectiveness of online bMBCT for the improvement of

productivity and other work-related outcomes among healthy
workers compared to the waitlist control.

Methods

Participants

We started recruiting participants in August 2021. The
intervention is ongoing and is scheduled to be completed in
December 2023. The study is being conducted at the Keio
University Center for Stress Research in Tokyo, Japan. The
participants are being recruited from among the employees of
3 companies in different industries: Daiwa Securities Group
Inc (security), Kumon Ingtitute of Education Co, Ltd (education),
and Nichirei Corporation (processed foods). Participants are
eligible for the study if they meet the following criteria: (1)
aged between 20 and 65 years, (2) work longer than 30 hours
weekly, (3) have no history of sick leaves longer than 1 month
due to mental disorders or have recovered for longer than 6
months after a sick leave, (4) have physical illnesses but are
judged fit to participate in the research by the investigators, (5)
score 8 or less in the absolute presenteeism item of the World
Health Organization Headth and Work Performance
Questionnaire  (WHO-HPQ), (6) can participate in the
intervention and respond to the questionnaires via the internet,
and (7) can provide written informed consent. Eligible
participantsare excluded if they (1) have previously participated
in a mindfulness-based intervention for 8 weeks or longer, (2)
are unlikely to participate during the research period (eg, they
plan to move/rel ocate), and (3) are judged by the investigators
as unfit to participate in the intervention due to physica
conditions and other reasons (eg, unstable internet connection).
Candidates who score higher than 8 on the WHO-HPQ absol ute
presenteeism item are allowed to participate in the intervention
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but will not be included in the RCT. The obtained data will be
included in the multivariable analysis described | ater.

Enrollment

Prospective participants, who applied for the study viarecruiting
announcements delivered at each company, received a link to
the web screening from the research cooperator at each
company. If they passed the web screening, an announcement
of the video group orientation was made. In the online group
orientation, the research investigators provided written and oral
explanations of the study, which included full descriptions of
the purpose, significance, and methods of the study; the risks
and benefits of participation; and the requirementsfor consent.
Prospective participants were al so offered an opportunity to ask
guestions. The investigators recorded the method, content, and
date of the explanations provided. After the online group
orientation, individual video interviews were held and the
research investigator eval uated whether the participants met the
inclusion criteria. Since obtaining written informed consent via
online sessions was not feasible, al included participants
provided informed consent verbally. The recordswere converted
into PDFfiles, saved in an el ectronic storage medium, and stored
in alockable cabinet at the Stress Research Center.

https://www.researchprotocol s.org/2022/6/€36012
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Baseline Assessment

The included participants completed the questionnaires
administered for the collection of demographic and psychosocial
data. The psychological assessment toolsto be utilized include
the WHO-HPQ, the Five Facet Mindfulness Questionnaire
(FFMQ), the 9-item Utrecht Work Engagement Scale
(UWES-9), the Satisfaction With Life Scale (SWLS), the
Flourishing Scale (FS), the Scale of Positive and Negative
Experience (SPANE), the Experiences Questionnaire (EQ), the
Perceived Stress Scale (PSS), the Investigating Choice
Experiments Capability Measurefor Adults (ICECAP-A), Team
Psychological Safety (TPS), and the Credibility/Expectancy
Questionnaire (CEQ). The details of each scale are presented
later in the Instruments section.

Randomization

Eligible participants were randomly allocated to either the
bMBCT or the waitlist control group (in a 1:1 ratio). The
participantswere assigned acomputer-generated random number
stratified according to company and the baseline WHO-HPQ
absolute presenteeism score. The Project Management Office
at the Keio Center of Clinical Research, which is an institution
independent from the study group, managed the randomization
process. Theflow of participant recruitment is shown in Figure
1
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Figure 1. Flowchart of the study. bMBCT consists of four 1.5-hour-long sessions (only session 1 lasts for 2 hours). The follow-up session lasts for 1
hour and consists of a short meditation, experience sharing, and a question-and-answer session. bMBCT: brief version of mindfulness-based cognitive

therapy; RCT: randomized controlled trial.
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Blinding

Due to the nature of psychological interventions, both the
participants and the therapi stswere not blinded to randomization
statuses. Since all measurements obtained during the study are
self-reported, there were no assessors for the evaluation of the
statuses of participants.

Interventions

Brief Mindfulness-Based Cognitive Therapy

The included participants were offered a bMBCT program,
which is a modified version of the original MBCT devel oped
by Segal et al [45]. The modifications followed Crane et a’s
[1] specifications of “warp” (essential ingredients) and “weft”
(flexible ingredients) of MBPs. To retain the essential
ingredients of MBPs, we included practicing al mindful
meditations except mindful movement and walking meditation
(provided as homework via a delivery instruction movie). In
contrast, considering the difference in the delivery setting

https://www.researchprotocol s.org/2022/6/€36012

RenderX

(clinical setting vs workplace) and the target population (ie,
patients with depression vs hedthy individuals), some
modifications were made. The first is the structure of the
program. With the aim of improving accessibility to the program
in the workplace, the duration of each session was shortened
(from 2 hours to 1.5 hours), except session 1, and the total
number of sessionswasreduced (from 8 sessionsto 4 sessions).
To reflect the difference in the target population, the lecture
relevant to depression was deleted, and activity records (ie,
pleasant, unpleasant, appreciation events, and nourishing and
depriving activities) were introduced to enhance the
improvement of participants’ well-being. The specific program
contents are listed in Table 1. In the program, participants
learned both cognitive approaches and mindfulness practices
(eg, raisin exercise, body scan, sitting meditation, exploring
difficulty, and 3-step breathing space). The participants were
asked to practice meditation daily for approximately 20 minutes
by listening to the pre-recorded meditation guide audios and
record some activities as homework (theme depends on the
session). Monthly follow-up sessions (lasts for 1 hour) will be
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provided to the participants for 6 months. No regular homework
will be assigned during the follow-up period. During the
follow-up period, the participants can access the mindfulness
website devel oped by the research team from a smartphone or
a persona computer (PC) and easily stream/download the
meditation instructions.

In addition, the participants were encouraged to send their
mindfulness experiencesin daily life to the research team. The
research team posted and shared them on the website. The
research team also posted rel evant articlesto support participants
in continuing the therapy. Participants were encouraged to
meditate depending on their needs. In addition to encouraging

Table 1. Themes and contents of the program.

Sado et al

individual participants to continue meditation, we encouraged
them to devel op voluntary groupsto regularly meditate together
outside the program. The bMBCT sessions and follow-up
sessions are delivered live outside working hours via a
videoconference platform.

The first, third, and fourth authors lead the sessions. The first
author isaqualified mindful ness-based stress reduction teacher
at the University of Massachusetts, with 12 years of experience
in mindfulness practice. The other 2 authors have been
practicing mindfulness for more than 5 years and have
administered MBCTs 5 times under the supervision of thefirst
author.

Sesson  Theme Content
1 Doing mode and being «  Meditation: raisin exercise/body scan
mode/wondering mind o  Exercise: What is mindfulness?
«  Homework: mindfulnessin a daily activity/body scan.
2 Sensation continues to «  Maeditation: mindful movement/breath and body meditation/3-step breathing space
change/thoughtsarenot fact «  Exercise: scenario exercise (thought and feeling exercise)
«  Homework: body scan or breath and body meditation/mindful movement/pleasant-event calendar/3-
step breathing space
3 Thoughts are aphenomenon .  Meditation: sound and thought meditation/3-step breathing space
inthemind/thought-body-be- «  Exercise: nourishing activity
havior-mood are connected «  Homework: sound and thought meditati on/unpleasant-event calendar/nourishing activity/3-step
breathing space
4 Exploring difficulty . Maeditation: exploring difficulty/3-step breathing space

«  Exercise: reflection of the course (“Why am | here?” exercise)
«  Homework: no regular homework (encouraged to practice depending on their need)

Control Group

Participantsin the control group will wait until the intervention
group has completed the intervention. During this waiting
period, they have been requested not to attend other mindfulness
or meditation activities. After the waiting period is completed
(ie, 7 months after allocation), the participants in the control
group will be offered the same bMBCT but without monthly
follow-up sessions.

Outcomes

Primary Outcome

The primary outcome of this study is the mean difference in
absolute presenteei sm (measured using the WHO-HPQ) between
the intervention and the waitlist control (ie, before bMBCT
offered) groups at 4 weeks, 3 months, and 6 months
postintervention.

Secondary Outcomes

The secondary outcomes arethe mean differencesinthe FFMQ,
UWES-9, SWLS, FS, SPANE, EQ, PSS, ICECAP-A, TPS, and
SEC scores at 4 weeks, 3 months, and 6 months postintervention.
Evaluation of Health Economics

Cost-effectiveness was measured by calculating theincremental
cost-effectiveness ratio, which is the incremental cost divided
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by the incremental effectiveness between the groups.
Incremental effectivenesswas evaluated using quality-adjusted
life-years, cal culated from the weighted ICECAP-A scores. The
analyses were conducted from a company’s perspective (ie,
direct cost). Cost benefit will be evaluated using the net
monetary benefit, which is calculated by subtracting the
incremental cost needed for the intervention from the net
monetary benefit of incremental productivity, weighted by the
WHO-HPQ score.

Multivariable Analysis

Toinvestigate factorsthat predict or mediate clinical outcomes,
multivariate analysis will be conducted using factors obtained
during the study. The details of the analytical methodology will
be presented separately.

Instruments

World Health Organization Health and Work
Performance Questionnaire

The WHO-HPQ isaself-report instrument designed to estimate
theworkplace costs of health problemsin terms of self-reported
sickness absences and reduced job performance (presenteeism).
Presenteeism is assessed using the following questions: “On a
scale of 0-10, where 0 is the worst job performance anyone
could have at your job and 10 is the performance of a top
worker, how would you rate the usual performance of most
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workersin ajob similar to yours?” and “Using the same 0-10
scale, how would you rate your overall job performance on the
daysyou worked during the past 4 weeks?’ A low presenteeism
score indicates poor performance [46].

Five Facet Mindfulness Questionnaire

This tool is a self-report questionnaire used to assess
dispositional mindfulness. It includes 5 factors, which are
extracted based on a factor anaysis of 5 mindfulness
guestionnaires developed independently. The 5 facets are
observing, describing, acting with awareness, not judging one's
inner experience, and not reacting to one’s inner experience.
Total scoresrange from 39to 195. Higher scoresindicate greater
levels of dispositional mindfulness [47].

The 9-Item Utrecht Work Engagement Scale

The UWES-9isa9-item self-report questionnaire that iswidely
used to measure work engagement across countries. It is
hypothesized to assess 3 aspects of work engagement: vigor,
dedication, and absorption. Each aspect includes 3 items. The
scores range from 0 to 54. Higher scores indicate higher work
engagement [48].

Satisfaction With Life Scale

Thisis a 5-item self-report questionnaire used to evaluate the
cognitive aspects of subjective well-being. Scores for each
subscale range from 1 (strongly disagree) to 7 (strongly agree).
Total scores range from 5 to 35, with higher scores indicating
higher satisfaction [49].

Flourishing Scale

This scale includes 8 items relevant to significant aspects of
human functioning, ranging from positive relationships to
feelings of competence, meaning, and purposeinlife. Responses
to each item are rated on a scale of 1-7, ranging from strong
disagreement to strong agreement. Possible total scores range
from 8 (strong disagreement with all items) to 56 (strong
agreement with all items). High scoresindicate that respondents
view themselves positively in important areas of functioning
[50].

Scale of Positive and Negative Experience

This measure is a 12-item scae that assesses positive
experiences (6 items) and negative experiences (6 items). Owing
tothe generality of theitemsincludedin thisscale, it can assess
pleasant and unpleasant feelingsthat are thefocus of most scales
and can aso reflect other conditions, such as interest, flow,
positive engagement, and physical pleasure. Positive (SPANE-P)
and negative (SPANE-N) scale scores range from 6 to 30.
Higher scores indicate a higher positive or negative affective
status. Subtraction of the negative score from the positive score
yields the SPANE-B score, which is between —24 and 24 [50].

Experiences Questionnaire

The EQ is a 20-item self-report measure based on a 5-point
Likert scale that ranges from 1 (never) to 5 (always). The total
score ranges from 20 to 100. The scale focuses on decentering,
defined as the ability to view the self as separate and different
from its own thoughts, the capacity for nonreacting to negative
experiences, and the ability to be self-compassionate. The EQ
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has been found to be reliable, and convergent and discriminant
validities have been established for both general and clinical
samples. The EQ is also internally consistent, with temporal
stability over a 1-month period and good convergent validity
[51,52].

Perceived Stress Scale

The PSS was devel oped to assess the degree to which situations
inone'slifeare appraised as stressful. The scale has 2 versions:
the 14-item version (PSS-14) and the 10-item version (PSS-10),
which is similar to the 14-item version but with 4 items
removed. We used the PSS-10 in this study. This scale is used
to assess perceived stressful experiences or stress responsesin
the previous month. Each itemisrated on a5-point Likert scale
ranging from 4 (never) to O (very often) to identify positive
experiences or responses. Total scores range from O to 40.
Higher scoresindicate higher stresslevels[53].

I nvestigating Choice Experiments Capability Measure
for Adults

| CECAP-A was devel oped to measure capability well-being in
adults, which the existing health-related quality-of-life scales
have not been able to adequately capture. It is a scale of 5
attributes, each with 4 levels. It provides a single index value
for well-being utility, either 0 or 1. A higher score indicates
better well-being status [54].

Team Psychological Safety

The TPS is a scale developed for the assessment of a shared
belief held by members of a team that the team is safe for
interpersonal risk taking. Thisis a 8-item tool with a 7-point
Likert scale. A higher score indicates that the respondent feels
better psychological safety in the team [55].

Credibility/Expectancy Questionnaire

The CEQ is a quick and easy-to-administer scale used to
measure treatment expectancy and rationae credibility in clinical
trials. It consists of 6 itemsrated on a 9-point Likert scale, with
1 being not at all and 9 indicating very
logi cal/useful/confident/much. Total scores range from 9 to 54.
Higher scores represent higher credibility and expectancy for
treatment. This scale is derived from 2 predicted factors:
cognitive credibility and relatively more affective expectancy.
These 2 factors are confirmed to be stable across different
populations [56].

Homework Engagement/Qualitative Data

Daily formal meditation time and the answers to open-ended
guestions are collected at the end of each session. The questions
include the following: (1) What did you notice in this session?
(2) Did you experience any difficulties in this session? (3) Do
you have any comments to improve the sessions?

The validity and reliability of the original versions of all these
scales have been confirmed [46-56]. Regarding the Japanese
versions of the scales, the validity and reliability of all scales
and questionnaires, except ICECAP, the TPS, and the CEQ,
have been confirmed [57-62]. For ICECAP-A, the Japanese
version of the ICECAP officialy accepted by the University of
Birmingham was used [63]. We adopted the Japanese version
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of the CEQ, which was trandated by Ito et a [64] through a
rigorous back-translation procedure with the permission and
support of the original devel oper of the questionnaire. Regarding
the TPS, we used the TPS questionnaire cited in the Japanese
edition of The Fearless Organization: Creating Psychological
Safety in the Workplace for Learning, Innovation, and Growth
by Edmondson [65].
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Schedule for Assessments

In addition to the baseline assessment, we requested that the
participants respond to these self-report assessmentsat 4 weeks,
3 months, and 6 months postintervention. A range of £2 weeks
from the scheduled dates for the baseline and postintervention
assessments and +4 weeks for the 3- and 6-month
postintervention assessmentswere allowed. All assessment data
were collected using the electronic patient-reported outcomes
(ePRO) system. The assessment schedules are presented in
Tables2 and 3.
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Table 2. Assessment schedule for al participants.

Process/assessment Screen-  Intervention period Follow-up period
ing peri-
od
Week 1 Week2 Week3 Week4 1month 2months 3 months 4 months 5months 6 months

Screening AR NAP  N/A N/A N/A N/A N/A N/A N/A N/A N/A
Informed consent A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bMBCT® N/A d I I I Fe = E £ F F
Waitlist N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
WHO-H pr A N/A N/A N/A A N/A N/A A N/A N/A A
FFMQY A N/A N/A N/A A N/A N/A A N/A N/A A
UWES-9" A N/A N/A N/A A N/A N/A A N/A N/A A
swLs A N/A N/A N/A A N/A N/A A N/A N/A A
Fg A N/A N/A N/A A N/A N/A A N/A N/A A
SPANEK A N/A N/A N/A A N/A N/A A N/A N/A A
EQ' A N/A N/A N/A A N/A N/A A N/A N/A A
pss™ A N/A N/A N/A A N/A N/A A N/A N/A A
ICECAP-A" A N/A N/A N/A A N/A N/A A N/A N/A A
TP A N/A N/A N/A A N/A N/A A N/A N/A A
CEQp A N/A N/A N/A A N/A N/A A N/A N/A A
Health service use A N/A N/A N/A A N/A N/A A N/A N/A A
Homework engage- N/A A A A A A A A A A A
ment/qualitative data

8A: assessment.

ON/A: not applicable.

CbMBCT: brief mindfulness-based cognitive therapy.

9: intervention.

€F: follow-up.

"WHO-H PQ: World Health Organization Health and Work Performance Questionnaire.

9FFMQ: Five Facet Mindfulness Questionnaire.

PUWES-9: 9-item Utrecht Work Engagement Scale.

'SWLS: Satisfaction With Life Scale.

JFS: Flourishing Scale.

KSPANE: Scale of Positive and Negative Experience.

IEQ: Experiences Questionnaire.

MpSS: Perceived Stress Scale.

"CECAP-A: Investigating Choice Experiments Capability Measure for Adults.

OTPS: Team Psychological Safety.

PCEQ: Credibility/Expectancy Questionnaire.
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Table 3. Assessment schedule for participantsin the waitlist control group, followed by awaiting period.

Process/assessment I_ntz;vention period (followed by awaiting pe-  Follow-up period (followed by awaiting period)
rio
Week1  Week2  Week3 Week4 1month 2months 3months 4 months 5months 6 months

Screening N/A2 N/A N/A N/A N/A N/A N/A N/A N/A N/A
Informed consent N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
bMBCTP N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Waitlist | | | | N/A N/A N/A N/A N/A N/A
WHO-HPQ! N/A N/A N/A A€ N/A N/A A N/A N/A A
FEMQ' N/A N/A N/A A N/A N/A A N/A N/A A
UWES-99 N/A N/A N/A A N/A N/A A N/A N/A A
SwLSh N/A N/A N/A A N/A N/A A N/A N/A A
= N/A N/A N/A A N/A N/A A N/A N/A A
SPANE! N/A N/A N/A A N/A N/A A N/A N/A A
EQk N/A N/A N/A A N/A N/A A N/A N/A A
psg N/A N/A N/A A N/A N/A A N/A N/A A
ICECAP-AM N/A N/A N/A A N/A N/A A N/A N/A A
TPS" N/A N/A N/A A N/A N/A A N/A N/A A
CEQO N/A N/A N/A A N/A N/A A N/A N/A A
Health service use N/A N/A N/A A N/A N/A A N/A N/A A
Homework engagement A A A A A A A A A A

8N/A: not applicable.
HMBCT: brief mindfulness-based cognitive therapy.
%I: intervention.

MWHO-H PQ: World Health Organization Health and Work Performance Questionnaire.

€A assessment.

fEFM Q: Five Facet Mindfulness Questionnaire.
YUWES-9: 9-item Utrecht Work Engagement Scale.
NSWLS: Satisfaction With Life Scale.

Fs: Flourishing Scale.

ISPANE: Scale of Positive and Negative Experience.
kEQ: Experiences Questionnaire.

IPSS: Perceived Stress Scale.

M CECAP-A: Investigating Choice Experiments Capability Measure for Adults.

"TPS: Team Psychological Safety.
OCEQ: Credibility/Expectancy Questionnaire.

Sample Size

The primary outcome will be analyzed using the mixed model
repested measurement (MM RM) method to compare the amount
of change between groups before and after the intervention (a
.05, 3 .10). To the best of our knowledge, no previous studies
have indicated the effect size of MBPs on presenteeism among
employees. The sample sizewas cal culated based on the results
of astudy that showed the effect of MBPs on the quality of life
(effect size=0.44) [37]. We estimated that a total of 166
participants are required; however, the sample size was set at a
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maximum of 220 participants, considering the dropout rate
(assumed to be 25%). The dropout rate was referred to the study
of an online MBP in the workplace by Aikens et al [44], which
reported the dropout rate was 23%.

Statistical Analysis

Statistical analyses and reporting of this trial will be based on
theintention-to-treat approach. Analyseswith complete samples
will be also performed to verify the robustness of the results.

The full analysis data set will include all randomized subjects
who underwent at least 1 procedure of the intervention.
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For baseline variables, wewill generate summary statisticswith
proportions and frequenciesfor categorical variables and means
and SDs for continuous data. For primary and secondary
outcome analyses, we will analyze the mean changes from
baseline using the MMRM method. Analyses conducted using
theMMRM method will include the fixed and categorical effects
of intervention, time, and the intervention x time interaction.
Imputation will not be performed for missing values, because
mixed models can deal with missing data through the maximum
likelihood. All comparisons are planned, and all P values will
be 2-sided. The significance level will be set at 5% for all
statistical analyses. All analyses will be conducted using Stata
version 16 (StataCorp).

We will also conduct a multivariate analysis to verify the
predictors and mediators of the primary and secondary
outcomes. A detailed analytical plan will be presented

separately.
Adver se Events

The research team will immediately contact the Ethics Review
Committee at the Keio University School of Medicine if the
participants report any serious adverse events. Serious adverse
events are defined asfollows: (1) death by suicide, (2) death by
nonsuicide, (3) a suicide attempt (self-injurious behavior that
admits a suicide attempt), (4) an event that may lead to death,
(5) psychiatric hospitalization, (6) general hospitalization due
to an adverse event, (7) disability leading to inactivity due to
an adverse event, or (8) any events judged to be medically
serious based on the Japanese version of Common Terminology
Criteriafor Adverse Eventsv3.0 by the Japan Clinical Oncology
Group/the Japan Society of Clinical Oncology [66]. Participants
are asked to report any adverse events at the end of each session.

Ethics Approval

The authors confirmed that all procedures complied with the
ethical standards of the relevant national and institutional
committees on human experimentation and with the tenets of
the 1975 Declaration of Helsinki, revised in 2008. All
procedures involving human participants and patients were
approved by the Ethics Review Committee of the Keio
University School of Medicine (Reference 2021-0101). All
included participants provided informed consent after all
procedures were explained in detail. They were alowed to
withdraw their consent at any time without any negative
consequences.

Dissemination
We expect the results of our research to be presented at
conferences and published as papersin academic journals. The

results of thisresearch will adhereto the Consolidated Standards
of Reporting Trials (CONSORT) statement.

Results

We started recruiting participants in August 2021, and the
intervention began in October 2021. A total of 104 participants
have been enrolled in the study as of October 2021. The
intervention is scheduled to be completed in December 2023.
Data collection will be completed by the end of January 2024.

https://www.researchprotocol s.org/2022/6/€36012

Sado et al

Discussion

Summary

The aim of this study is to evaluate the effectiveness and
cost-effectiveness of bMBCT in the workplace, especialy for
productivity. This study is valuable because it will fill certain
gaps in the existing MBCT research. First, previous studies
have revealed that the effectiveness of MBPs for physical and
psychological indicators (eg, stress, burnout, and sleep
well-being,) is promising; however, its effects on productivity
are still unclear. Thisstudy is expected to clarify thisimportant
aspect of the use of MBPs in the workplace. Second, as the
participants of this study are being recruited from 3 companies
in different industries (security, education, and processed foods),
the generalizability of the study findings will be enhanced
because the cohorts of previous studies were recruited from a
single company. Third, this study will focus on the evaluation
of the effectiveness of online bMBCT in the workplace. Since
the accumulated evidence on the effect of online bMBCT is
gtill insufficient, the results of this study will advance the
understanding of the use and effect of online bMBCT in the
workplace. Thisis particularly important in the current scenario
where many employees are forced to work from home.
Furthermore, we will compare the effectiveness of bMBCT
with follow-up and bMBCT without follow-up. The participants
in the waitlist control group will receive bMBCT without
follow-up once the waiting period is completed. Although this
is not a direct RCT-based comparison, we can preliminarily
eval uate the differences between the effect of bMBCT with and
bMBCT without follow-up. Finaly, weincluded ascalefor the
assessment of an organization's culture. Although previous
studies have reveal ed that an individual’s productivity is affected
by individual factors and their organization’s culture, such as
team psychological safety, the interaction between individual
and organizational factors has not been assessed to date. In the
multivariate analysis, we plan to investigate the effect of
differencesin an organization's culture on the study outcomes.
We are awarethat focusing on productivity may possibly induce
theincrease of the “craving mind” of the participants, whichis
contrary to the purpose of MBPs. Such misuse of MBPs could
have a negative impact on employees health and well-being.
Therefore, we will also assess these outcomes as well as
productivity in order to evaluate the suitability of our MBP.

Limitations

This study has the following limitations. First, as all measures
assessed are in self-report format, uncertainty regarding
objectivity remains. Second, since we do not have an active
control group (we set the waitlist as the control group), we
cannot detect the effects that are specifically attributable to
bMBCT. However, considering that the main objective of this
study is to investigate the effectiveness of augmenting typical
daily life with bMBCT rather than to assess the efficacy of
bMBCT, we considered the research design to be acceptable
for that purpose. Third, although we encourage the participants
to report any serious adverse events at the end of each session,
we will not assess mild-to-moderate adverse events. Therefore,
the adverse events caused by this intervention might be
underestimated. Despite the aforementioned limitations, we
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believe that this study will provide valuable information for Conclusion

future clinical triasin thisfield. This study has the potential to provide new data on the

relationship between MBPs and occupational heath and
productivity.
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Abstract

Background: Intermittent fasting is a time-restricted feeding strategy with proven health benefits, which is based on multiple
metabolic and endocrine changes, in several patient populations and healthy participants. In the pediatric intensive care unit
(PICU), artificial feeding isusually administered 24 hours a day, although solid evidence supporting this practiceislacking. This
discardsthe potential benefits of fasting in this population. We hypothesize that intermittent nutrition with afocus on an overnight
feeding interruption (intermittent fasting), as compared with 24-hour continuous nutrition, is a feasible and safe strategy, with
potential benefits, for critically ill children.

Objective: The aim of the Continuous versus Intermittent Nutrition in Pediatric Intensive Care randomized controlled tria
(RCT) istoinvestigate a strategy of intermittent nutrition with afocus on an overnight feeding interruption period versus 24-hour
nutrition during the first 14 daysin the PICU.

Methods: The Continuous versus Intermittent Nutrition in Pediatric Intensive Care study is an investigator-initiated RCT in a
tertiary referral PICU. Critically ill children (term newbornto 18 years), expected to stay in the PICU for =48 hours, and dependent
on artificial nutrition, are eligible for inclusion. This study will randomize critically ill children (n=140) to a continuous versus
intermittent nutrition strategy. In both groups, similar daily caloric targets will be prescribed. In the continuous group (control),
nutrition will be administered 24 hours a day, with a maximum interruption period of 2 hours. In the intermittent group
(intervention), nutrition will be interrupted during an age-dependent overnight fasting period. The study intervention will last
until admission day 14, initiation of oral intake, or discharge from the PICU, whichever comesfirst. The primary outcome isthe
difference in ketosis between the groups under the condition of noninferiority regarding caloric intake. Secondary outcomes are
feeding intolerance; the proportion of severe and resistant hypoglycemic events and severe gastrointestinal complications; and
additional observed effects on nutritional intake, circadian rhythm, and clinically relevant outcome measures of the intermittent
feeding strategy compared with continuous nutrition.

Results:  The study was approved by the Dutch national ethical review board in February 2020. The first patient was enrolled
on May 19, 2020. By May 2022, atotal of 132 patients had been included in the study. Recruitment of the last patient is expected
in Q3 2022.

Conclusions:  Although intermittent fasting has been proven to have many health benefits in both animal and human studies,
the feasibility and safety of this strategy in a PICU setting must be investigated. This RCT will help physicians gain more insight
into the feasibility, safety, and potential clinical effects of intermittent feeding with overnight fasting in critically ill children.
Trial Registration: Netherlands Trial Register NL7877; https.//trialsearch.who.int/Trial2.aspx ?TrialID=NL 7877

International Registered Report Identifier (IRRID): DERR1-10.2196/36229
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Introduction

Nutritional Support for Children in Intensive Care

For a long time, observational studies have suggested that a
substantial proportion of critically ill children, most notably
infants, develop a pronounced caloric deficit, which has been
associated with adverse outcomes [1-4]. This led to
recommendations to provide early artificial nutrition via the
enteral or parenteral route, targeting to cover at least the
calculated or measured resting energy expenditure (REE),
compensate for negative protein balance in critical illness,
attenuate catabolism, and avoid, possible lethal, complications
[5]. To be able to reach caloric targets early in this patient
category that is frequently perceived as intolerant to enteral
feeding, continuous 24-hour feeding has become a preferable
strategy [6].

However, recently, the focus on high macronutrient intake in
the acute phase of critical illness has been reconsidered. The
Pediatric Early versus Late Parenteral Nutritionin the Intensive
Care Unit (PEPaNIC) randomized controlled trial (RCT)
revealed the beneficia effects of withholding parenteral nutrition
(PN) and accepting amacronutrient deficit during the first week
of critical illness, such as a decrease in the incidence of new
infections, a shortening of the length of stay in the pediatric
intensive care unit (PICU) and in the hospital, and a reduction
in health care costs [7-9]. This strategy of accepting relative
underfeeding of macronutrients in the first week of critical
illness has even been shown to be beneficial in patients who
are most vulnerable to low nutritional intakes, such as patients
who are undernourished and term neonates[10,11]. Withholding
PN had no negative effect on participants’ anthropometric
measurements during their PICU stay. Moreover, it did not
negatively affect their long-term health but actually improved
certain parts of their neurocognitive outcome 2 and 4 years later
[12,13]. These counterintuitive findings of the beneficial impact
of low macronutrient intake during the first week of critical
illness were at least partially explained by a fasting response,
as observed with increased ketogenesis [14].

Intermittent Fasting During Pediatric Critical lIness

Owing to the Pediatric Early versus Late Parenteral Nutrition
in the Intensive Care Unit trial, the potential benefit of
macronutrient restriction, or afasting response, during the first
week of critical illnessismore recognized. However, knowledge
on when safe fasting ends and potentially detrimental effects
of starvation start, is lacking. An alternative fasting mimicking
strategy could be an intermittent feeding pattern, in which a
daily fasting responseisinduced while still providing sufficient
amounts of nutrients. Intermittent fasting has been widely
studied, and the observed health effects of these intermittent
feeding strategies are based on changesin metabolic, endocrine,

https://www.researchprotocol s.org/2022/6/€36229

and epigenetic pathways that are also crucia in critical illness
[15].

Aims

Although evenly distributing the daily caloric intake over 24
hours has long been perceived to be more feasible than
intermittent feeding in critically ill children, hard evidence for
the superiority of continuous feeding over intermittent fasting
islacking [5]. All of the available studies on intermittent feeding
in critically ill children examined bolus feeding, and none of
those examined the potential of overnight fasting [15]. Currently,
no data are available on when the fasting response in critically
ill children commences. Furthermore, the severity of illnessand
nutritional status of the child probably affect the dynamics of
afasting response[15]. Therefore, astudy examining thefasting
response and potential impact of overnight fasting in critically
ill children iswarranted. Therefore, the aim of the Continuous
versus Intermittent Nutrition in Pediatric Intensive Care
(ContInNuUPIC) RCT isto investigate a strategy of intermittent
nutrition with afocus on an overnight feeding interruption period
versus 24-hour nutrition during the first 14 days in the PICU.

Methods

Ethics Approval and Informed Consent Procedure

Theprotocol and informed consent formswere approved by the
Dutch national ethical review board Centrale Commissie
Mensgebonden Onderzoek (CCMO; NL72302.000.19). The
monitor verifies that the trial will be performed in accordance
with the protocol described in the European Medicine Agency’s
Note for guidance on good clinical practice CPMP/ICH/135/95
and the Declaration of Helsinki. Eligible patients and, if
applicable, their parents or legal guardians, will be informed
by one of the members of the research team orally in plain
language and in writing. This member of the research team will
not beinvolved in the treatment of the patient. Informed consent
will be provided in writing by the parents or legal guardians
and confirmed by the child if they are aged >12 years. Patients
aged >16 yearswill be asked for consent if possible; otherwise,
parents or legal guardians will act as legal representatives. For
planned admissions, informed consent will be obtained before
surgery if possible. For unplanned admissions (or patientswith
planned admissions whose consent could not be obtained before
surgery), informed consent will be obtained within 24 hours
after becoming eligible for the study.

Patients Eligibility
Inclusion Criteria

Upon admission to the PICU, al the children will be screened
for digibility for inclusion in the ContinNuPIC clinical study.
All patients identified by the research team will be logged.
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Critically ill children, term newborn to aged 18 years, who are
likely to stay in the PICU for >48 hours and to be dependent
on artificial nutrition, are eligible for inclusion.

Patientswill be considered critically ill if they meet at |east one
of the following criteria:

«  Respiratory support (excluding low flow nasal cannula)

«  Hemodynamic support (pharmacological or mechanical)

- Continuous renal replacement therapy on account of acute
renal failure

Patients already on home respiratory support will be considered
criticaly ill only if they have significantly deteriorated compared
with normal functioning; that is, need for an increase in the
level of support (eg, higher pressure rates, higher fraction of
inspired oxygen, or need for hemodynamic support).

Exclusion Criteria
Patients fulfilling =1 of the following criteriawill be excluded:

«  Preterm neonates (<37 weeks postmenstrual age [PMA]
upon admission to the PICU)

» Do not resuscitate code at the time of PICU admission

«  Expected death within 24 hours

+ Readmission to the PICU >48 hours after aready having
been included in the ContInNuPIC trial

«  Transfer from another PICU or neonatal intensive care unit
(ICU) after a stay of =3 days or having received artificial
nutrition (any PN or enteral nutrition [EN] with a caloric
intake >10% of predicted REE per day)

« Ketoacidotic or hyperosmolar coma

+ Metabolic diseases requiring a specific diet or with a
contraindication to (intermittent) feeding

«  Short bowel syndrome or other conditions requiring PN
before admission

« Participation in another RCT in the PICU with an
intervention that might influence the clinical outcome

Data Collection at Study Entry

At baseline, data on demographic (age, sex, race, ethnicity, and
preadmission body weight, and height) and clinical
characteristics of the patients will be obtained. For all patients,
risk of mortality scores (Pediatric Index of Mortality score)
[16], disease severity scores (Pediatric Logistic Organ
Dysfunction score) [17], and the nutritional risk score (Screening
Tool for Risk on Nutritional status and Growth score) [18] will
be calculated, and the Risk-Adjustment in Congenital Heart
Surgery classification [19] for patients of cardiac surgery will
be recorded. In addition, comorbidities, such asthe presence of
a congenital disease or syndrome, gestational age at birth,
presence or history of cancer, diabetes mellitus, kidney disease,
liver disease, chronic heart disease, home ventilatory support,
and sepsis upon admission, will be noted. In addition, for all
patients, baseline results of routine clinical chemistry will be
recorded.

https://www.researchprotocol s.org/2022/6/€36229
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Randomization Procedure

Randomization of participants to continuous or intermittent
nutrition groups will be performed using the ALEA
randomization tool (ALEA Clinical, FormsVision), adedicated
computerized system accessible 24 hours a day and 7 days a
week. The computer algorithm allocates every consecutive
eligible patient to 1 of the 2 treatment arms in a one-to-one
allocation ratio using permuted blocks of 10. Patients will be
stratified into 3 age groups. neonates (<44 weeks PMA), infants
(<1 year), and children (=1 year).

Blinding

It was considered not feasible to blind treating physicians and
patients for the allocated treatment during the time window of
the randomized intervention. All outcome assessors and
investigators not directly involved in patient care, such as

statisticians and laboratory personnel, will be fully blinded to
the treatment allocation.

Protocol Adherence

The medical and nursing staff of the PICU were informed and
trained extensively during regular meetings before the start of
the trial and were familiarized with the protocol. To optimize
protocol compliance, reminders for study interventions and
measurements will be incorporated into the electronic patient
data management system. Moreover, the research team will
provide adaily follow-up of all included patients.

Nutritional Support

Caloric Intake

During the study, nutritional intake will be provided to both
allocation groups according to the current pediatric critical care
nutrition guidelines [5,20,21]. In al patients from both study
arms, EN will be started as soon as possible (<24 hours),
provided that they are hemodynamically stable and without
formal contraindications. EN will be administered through a
gastric or postpyloric tube and gradually increased using a
stepwise protocol (Figure 1), guided by the clinical judgment
of the responsible clinician. Caloric goals will be calculated
upon admission according to the body weight—based or body
weight and length—based Schofield equation for the estimation
of REE [22]. Inlinewith theinternational nutritional guidelines
for critically ill children, caloric intake is targeted to reach
1xREE at the end of the first week [5]. After 1 week, caloric
target intake increases further to a maximum caloric intake of
1.3xREE for older children and adolescents and up to 2xREE
for neonates and infants [20]. The research team will provide
nutritional advice based on the standard protocol on a daily
basis. The responsible clinician will decide the actual amount
of nutrition prescribed based on the protocol, the nutritional
intake the day before, and the tolerance of the administered
nutrition. If EN cannot be started or increased according to the
protocol, the reasons will be recorded in the database.
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Figure 1. Daily caloric target and timeline of primary study measurements. For details, see text. EN: enteral nutrition; PN: parenteral nutrition; REE:

resting energy expenditure.
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EN Support

In neonates and infants, breast milk, the patient’s standard milk
formula, or a protein energy—dense formula will be used. For
patients aged >1 week, breast milk will be enriched with breast
milk fortifiers, and if a protein energy—dense formula is
indicated, other fortifiers such as triglycerides can be added as

o
9 10 11 12 13

well. Older children usually receive a standard enteral feeding
formula or a protein energy—dense formula. A protein
energy—dense formula will be used in case the patient is
subjected to strict fluid restrictions or is unable to reach caloric
targets. Hydrolyzed or semielemental formulas will be used
when patients are alergic to or do not tolerate regular formulas
(Table 1) [23].

Table 1. Stepwise approach for nutritional therapy in the pediatric intensive care unit®

Step Nutritional therapy Consideration
Stepl .« Infants: standard polymeric formulaor breast milk  May result in nutritional deficits because of thelower energy and protein content
o Children: standard polymeric formula of these formulas and breast milk

Step2 «  Polymeric protein: energy-enriched formula Higher energy and protein content may overcome nutritional deficits, especially
in patients with fluid restriction

Step3 «  Semielementa protein: energy-enriched formula  Absorption, tolerance, and use of proteins and fats may be altered, and
semielemental feeds are considered as an aternative

Step4  «  |finsufficient ENP (<80%) or no EN is possible >1 Especidly in children with intestinal failure; appropriate growth and normal

body composition difficult to achieve and risk of associated liver disease

week after admission: start PN©

830urce: Joosten et al [23].
PEN: enteral nutrition.
®PN: parenteral nutrition.

PN Support

During the first week, only EN without supplemental PN will
be provided to conform with current guidelines[5,20]. Beyond
day 7, if EN is insufficient (<80% of the target intake),
parenteral macronutrientswill be additionally provided through
PN until EN reaches >80% of the target intake. If standard PN
formulas are not suitable or are contraindicated for the patient,
a tailor-made PN formula can be ordered by the dietician. To
reduce the risk of refeeding syndrome on the first day of PN,
half the target amount of PN will be provided [24].
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Intervention Group: I ntermittent Nutrition

For patients randomized to the intermittent nutrition group
(intervention group), al nutritional support will be provided
during the day and withheld during the overnight feeding
interruption period. The overnight feeding interruption period
will be designed in an age-dependent manner. The feeding
interruption period will be from 2 AM to 10 AM in neonates
(<44 weeks PMA), from 12 AM until 10 AM in infants (<1
year), and from 10 PM to 10 AM in children (=1 year), as shown
inFigure 2. The daily planned nutritional intakewill be provided
during the condensed feeding period over the day. The starting
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time of nutritional intakeisset to 10 AM to facilitate procedures
that requirefasting to be performed in the morning. PN (beyond
day 7, if necessary) will be provided during the daily

Veldscholte et d

age-dependent feeding periods and tapered over 1 hour during
the starting and stopping of PN to reduce the risk of swift
metabolic shifts (Figure 2) [25,26].

Figure 2. Randomization and age group—specific feeding schedules and measurements. Glucose and ketone level measurements are indicated with
black arrows; during the fasting interval these measurements are performed at set time points (black arrows without asterisk); during feeding these
measurements are performed regularly, but not at specific time points (black arrows with asterisk). Blood samples for metabolism analyses are at set
time pointsin both fasted and fed state and are indicated with red arrows. * Parenteral nutrition isonly supplied in the second week of pediatric intensive
care unit (PICU) admission, when enteral nutrition isinsufficient. For details, seetext. EN: enteral nutrition; PN: parenteral nutrition.
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Control Group: Continuous Nutrition

Patients randomi zed to the continuous nutrition strategy (control
group) will receive nutrition according to current management
for 24 hoursaday, with amaximum planned interruption period
of 2 hours (Figure 2). Planned feeding interruptions exclude
interruptions because of clinical ICU care (eg, interventions
such as intubation and surgical procedures). Feeding
interruptions, timing, and reason will be recorded in the
database. PN (beyond day 7, if necessary) will be provided
continuously for 24 hours a day without interruption (Figure
2).

M edication and Supplementation

In al patients, medication will be provided in sodium
chloride-based intravenous fluids instead of glucose-based
intravenous fluids unless contraindicated. M edication and fluids
can aso be administered during the overnight feeding
interruption period. If EN is insufficient (<80% target intake)
during the first week, parenteral trace elements, minerals, and
vitamins will be administered daily to all patients in both
treatment groups similarly [27]. Intravenous micronutrient
substitution will be stopped when patients receive at least 80%
of their caloric needs viathe enteral route.

Blood Glucose M anagement

Upon request of the national ethical review board (CCMO) on
account of safety concerns, for patientsin theintervention group,
aglucoseintakeinfusion will be provided during the overnight
feeding interruption period (1.0 mg/kg/minute in neonates and
0.5 mg/kg/minutein infants) to reduce therisk of hypoglycemia.
In children aged >1 year, no baseline glucose infusion during

https://www.researchprotocol s.org/2022/6/€36229
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the overnight feeding interruption period will be provided unless
clinicaly indicated. Glucose level measurements will be
performed at | east once daily during the feeding period, regularly
during fasting intervals and when clinically indicated. Blood
glucose management will be performed according to the local
protocol. In short, blood glucose levels will be targeted from
4.0 to 7.8 mmol/L in al age groups. In patients with
hyperglycemia (glucose >10 mmol/L) in 2 measurements (with
1 hour between measurements), the glucose intake will be first
reduced, and if this is not sufficient, a continuous insulin
infusion will be started using a stepwise nurse-driven glucose
control protocol. If the blood glucose levels are <2.6 mmol/L,
a bolus of 1 mL/kg glucose 10% will be provided and the
baseline glucose infusion will be increased until the blood
glucose level is >4.0 mmol/L. The glucose levels will be
measured again within 30 minutes and 1 hour of treatment. In
patients randomized in the intermittent group, if insulin is
provided, this will be stopped 1 hour before the start of the
overnight feeding interruption period.

Other Procedures and Guidelines

No other medical treatments were prescribed in the study
protocol. The patients will be weaned from the ventilator and
from hemodynamic support according to standardized
guidelines. As the timing of PICU discharge to aregular ward
may be affected by the availability of beds in regular wards,
which could induce bias, we will analyze the time to discharge
from PICU asthetimeto being ready for discharge from PICU.
A patient is considered ready for discharge assoon asall clinical
conditions for PICU discharge have been fulfilled (no longer
in need of, or at risk of, vital organ support).
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Per-Protocol Stop of Study

A switch to oral intake will be made as soon as it is deemed
safe by the clinician responsible for the patient.

The study intervention will last until admission day 14, until
the child could be fed by mouth (oral feeding), or until discharge
from the PICU, whichever comes first. After day 14, the
intervention will stop, and nutritional support will be provided
according to standing orders when ora intake remains
insufficient.

Discontinuation of the Study Intervention

We defined a stopping rule (no-go) for individual patients to
be withdrawn from the study who develop the following:

«  Hypoglycemia (<2.6 mmol/L) with clinical symptoms (eg,
pallor, transpiration, irritability, lethargy, loss of
consciousness, and convulsions) or severe hypoglycemia
(<2.2 mmol/L) and who are resistant to parenteral glucose
administration; resistance is defined as no elevation of
glucose within 1 hour after parenteral glucose bolus (1
mL/kg glucose 10%) administration and elevation (double)
of standard glucoseinfusion viathe standard local protocol

- Acute, nonocclusive mesenteric ischemia (ie, intestinal
perforation and necrotizing enterocolitis) not attributed to
an anatomical substrate (eg, volvulus)

Handling of Readmissionsto the PICU

Patients participating in the study who are readmitted to the
PICU within 48 hours of discharge and who are still within the
14-day time window of theinitial randomization will continue
to receive the nutrition strategy they were randomly assigned
to during their initial PICU admission. Patients readmitted >48
hours after PICU discharge after participation in the
ContInNuPIC study will not be éligiblefor reinclusion and will
be fed at the discretion of the attending physician.

Study Blood Samples

For all patients, daily plasma glucose levels will be measured
and analyzed at the bedside using ablood gas analyzer (ABL90
FLEX PLUS, Radiometer) or point of care meter (Accu-Chek
Inform 1I, Roche Diabetes Care), and daily ketone levels
(3-B-hydroxybutyrate) will be measured using the StatStrip
Glucose/Ketone meter (Nova Biomedical). In the intermittent
feeding group, glucose and ketone level swill be measured more
frequently during the feeding interruption period (Figure 2).

Additional blood samplesfor other analyses of metabolism (eg,
glucagon, insulin, and free fatty acids) and circadian rhythm
(eg, gene expression and cortisol and melatonin) will be taken
upon ICU admission and on days 3, 7, and 14 (Figure 2). The
blood samples for metabolism will be collected using
serum-separating tubes in both fasted (before 10 AM) and fed
states (before 10 PM, 12 AM, or 2 AM, depending on the age
group) for the intervention group or at similar time points for
the continuous group. The blood samples for circadian rhythm
will be collected in EDTA tubes every 4 hours during a 24-hour
period (atotal of 7 samples per 24 hours). The blood samples
for gene expression will be collected in PAXgene RNA tubes
(PreAnalytiX) oncedaily on the selected daysat 10 AM. These
additional blood samples will be taken from lines placed for
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clinical purposes or in combination with draws requested for
clinical purposes. Owing to ethical considerations, the number
of blood samples will be calculated using the body weight of
the individual patient to ensure a maximum of 5% of blood
volume for the entire study.

After collection, the blood samples will be immediately stored
in a refrigerator. Within 24 hours after collection, the blood
samples from serum-separating tubes and EDTA tubes will be
centrifuged at 20 °C, and serum or plasmawill then be separated
and stored at —80 °C for future measurements. The PAXgene
tubes will not be centrifuged and will befirst stored at —20 °C
for 1 day before storage at —80 °C to prevent breakage of the
tubes. In addition, plasma phosphate, magnesium, and potassium
levelswill be determined in residuals of clinical plasmasamples
by the clinical chemical laboratory on days 0to 4, 7 to 10, and
14.

Circadian Rhythm M easurements

The circadian rhythm is expected to be affected by the feeding
strategy. Electroencephalography, electrooculography, and
electromyography will be recorded for 24 hours on admission,
day 3, day 7, and day 14 (with a margin of 1 day) or before
discharge if the discharge is before day 14. Multichannel
registration will be performed using a standard device (Brain
RT, OSG or Morpheus, Micromed SpA). Melatonin and cortisol
will be measured in the study blood samples, as melatonin and
cortisol both have a clear relationship with circadian rhythms
[28,29]. The blood samples used for gene expression analysis
may be used to determine the internal time of peripheral blood
mononuclear cells [30]. The difference between this internal
time and the time of blood draw is a measure of circadian
disturbances. In addition to the blood samples, sdivary
melatonin and cortisol levels will be measured to evaluate the
possibility of measuring the circadian rhythmin saliva[31]. As
ambient light and sound may affect and thus confound circadian
rhythm [32,33], quantitative light and sound measurementswill
betaken at the bedside during ICU stay. All routinely monitored
vital signs (including heart rate, respiratory rate, oxygen
saturation, perfusion index, body temperature, central venous
pressure, end-tidal carbon dioxide, arterial blood pressure,
oxygen saturation, and electrocardiogram waveforms) will be
stored at 1 Hz to 200 Hz intervals for further analysis.

Data Handling and Record-K eeping

Data will be collected electronically in a pseudonymized
electronic case record form (eCRF) with an audit trail
unambiguously linked to the source file using the OpenClinica
clinical data management system (OpenClinica Community;
version 3.12.2; OpenClinica LLC). Every day, the types and
amountsof EN and PN delivered will beregistered in the eCRF.
Interruptions in EN delivery and gastrointestinal intolerance
will beregistered daily. Theduration (in minutes) and the cause
of interruption of EN delivery will be recorded. The data will
be manually transferred into and checked for accuracy in the
eCRF by the research team. Extensive range and consistency
checks will be performed by the monitor of the study. All
systemically administered medications, analyses of routine
clinical chemistry, and whole blood glucose levels during the
stay in PICU will be registered in the electronic patient file to

JMIR Res Protoc 2022 | vol. 11 | iss. 6 | €36229 | p.91
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

be retrieved after completion of the study. Thevital statusat 30
days (and at later follow-up times) will be recorded for all
patients in consultation with the National Personal Records
Database. When thisinformation is not available, thevital status
will be checked through the hospital information system or
regional network of pediatricians and general practitioners. All
original records, such as consent forms, case report forms, and
relevant correspondence, will be archived according to national
regulations.

Outcome M easures

Primary End Points

The primary outcome of this study will be the feasibility of a
daily feeding and fasting cycle (intermittent feeding strategy)
compared with a continuous 24 hours per day feeding strategy
in critically ill children. The primary outcome is defined asthe
differencein ketosis (3-B-hydroxybutyrate levels) between the
groups under the condition of noninferiority regarding caloric
intake. The amount of nutritional intake is defined as the daily
caloric intake as a percentage of the estimated REE based on
the body weight-based or body weight and length—based
Schofield equation.

Secondary End Points

Secondary end points will comprise outcomes regarding the
safety, feasibility, and efficacy of theintervention. The primary
safety outcome is defined as the difference in the incidence of
severe and resistant hypoglycemic events and severe
gastrointestinal  complications between the groups. For
definitions of severe and resistant hypoglycemia and severe
gastrointestinal complications, see the Discontinuation of the
Sudy Intervention section.

The secondary safety outcomes comprise the following:

«  Overall blood glucose control (hypoglycemic incidentsand
hyperglycemic incidents)

Textbox 1. Possible complications of nutritional support.

Veldscholte et d

«  Complications of nutritional support
«  Hyperlactatemia during the feeding interval

As patients with a feeding and fasting cycle in the intermittent
group may be considered at increased risk for hypoglycemia
during the fasting interval, we will also report hypoglycemic
incidents (glucose <2.2 mmol/L) during the timewindow of the
randomized intervention for both groups as the number of nights
with at least one episode of hypoglycemia divided by the total
number of days of the intervention. As patients in the
intermittent group may be considered at increased risk for
hyperglycemia during the condensed feeding period, we will
report the hyperglycemic incidents (glucose>10 mmol/L) during
thetimewindow of the randomized intervention for both groups
asthe number of dayswith at |east one episode of hyperglycemia
divided by the total days of the intervention.

Possible complications of nutritional support are shown in
Textbox 1.

Hyperlactatemia is defined as an increase in arterial lactate
levels above 2 mmol/L during the feeding interval.

Other secondary outcomes will be feeding intolerance and
metabolic (eg, course of ketones, lactate, and free fatty acids)
and endocrine responses (eg, insulin and glucagon). Enteral
feeding intolerance is defined according to the definition by
Eveleenset al [34] (Multimedia Appendix 1). Furthermore, we
will evaluate any observed effects of the intermittent feeding
strategy compared with continuous nutrition on nutritional
intake, circadian rhythm, and clinically relevant outcome
measures.

The effects on nutritional intake and circadian rhythm that will
be investigated are presented in Textbox 2.

Clinically relevant outcome measures will be collected until 30
days after admission and are presented in Textbox 3.

Complications possibly related to feeding tubes:
o Complicated insertion (eg, nasal bleeding)

«  Mechanica complications (feeding tube displacement and obstruction)

Complications possibly related to parenteral feeding:

«  Mechanica complications (occlusion and dislodging of central venous catheters)

«  Clinica complications (pneumothorax, hemothorax, arterial puncture, and central line replacement because of the suspicion of catheter-related

bloodstream infections)

https://www.researchprotocol s.org/2022/6/€36229
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Textbox 2. Possible effects on nutritional intake and circadian rhythm.

Veldscholte et d

Nutritional intake

«  The proportion of patients receiving at least a caloric intake of 67% of predicted resting energy expenditure (pREE) before or at the end of the
first week and the proportion of patients receiving at least a caloric intake of 100% of pREE before or at the end of the first week

«  Theproportion of days caloric targets are reached divided by the total daysin the study per patient

« Median cdoric intake as a percentage of pREE

«  Theproportion of patients requiring supplemental parental nutrition beyond day 7

o Thetimeto oral intake

Circadian rhythm

o  Cortisol and melatonin patternsin blood and in saliva
«  Circadian rhythm in gene expression

«  Sleep architecture (quantity and quality)

«  Circadian rhythmin vital signs

Textbox 3. Clinically relevant outcome measures.

Clinically relevant outcome measures

. Timeto final (live) weaning from mechanical respiratory support and duration of mechanical ventilation

« Timeto final (live) weaning from pharmacologica or mechanica hemodynamic support and duration of such support

. Timeto (live) discharge from the pediatric intensive care unit (PICU) and duration of PICU stay

« Timeto (live) discharge from the hospital and duration of hospital stay for both the index hospitalization and total hospitalization, including stay

in the referred hospital

«  Newly acquired infections, which are defined as amicrobiologically or laboratory-confirmed infection in combination with the start of treatment
or clinical suspicion of infection, as assessed by the clinician responsible for the patient

«  Mortality during the time window of the randomized intervention during PICU stay, during hospital stay, and after 30 days

« Acute kidney failure: Patients in need of renal replacement therapy (RRT) during PICU stay and the duration of RRT (for patients requiring
RRT); Patients with acute kidney injury according to the Pediatric Risk, Injury, Failure, Loss, End Stage Renal Disease criteria[35]

. Patientswith newly acquired liver failure according to the Pediatric Acute Liver Failure criteriaor with aclinical diagnosis of acute liver failure

(36]

Other Outcomes

Further  metabolomic, endocrine, and inflammatory
measurements on stored samples in the context of mechanistic
analyses are planned. Moreover, these samples may be used for
pharmacokinetics, pharmacodynamics, and autophagy analyses.
In addition, we will evaluate parental stress (Parental Stress
Score-PICU) [37] and the overall workload among (PICU)
nurses (National Aeronautics and Space Administration Task
Load Index) [38]. The detailed protocols and methods for the
statistical analyses for these outcomes will be reported
separately. Finaly, a follow-up study after enroliment in the
ContInNuPIC (concerning, eg, neurocognitive and physical
function) will be planned as well; however, the details are
beyond the scope of this study protocol.

Trial Organization

The sponsor (Erasmus MC, Rotterdam, The Netherlands)
providesdirect accessto the eCRF, the source data, and thetrial
master file for monitoring and regulatory inspection. The
sponsor has appointed 1 monitor. Monitoring will be performed
and reported according to the sponsor’s standard operating

https://www.researchprotocol s.org/2022/6/€36229

procedures. The clinical research team guarantees a daily
follow-up of patient screening and inclusion, availability of
requested clinical datain the clinical patient files, and protocol
compliance. Noncomplianceto the protocol and other questions
or problems will be discussed with the principal investigator
and reported to the study monitor. Regular meetings will be
organized between the principal investigator and clinical
research team to discuss the daily progression of the
ContInNuPIC trial. Serious adverse events occurring during the
intervention will be directly reported to the sponsor and the
accredited ethical commission (CCMO) and registered in the
database.

Statistical Analysis

General Rules

A CONSORT (Consolidated Standards of Reporting Trials)
flow diagram will be reported [39]. All analyses will be
primarily performed according to an intention-to-treat analysis.
To perform additional per-protocol analysis, we anticipated that
up to 30% of the patients will not be able to receive artificial
nutrition during their admission to the PICU.
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Categorical variables will be summarized as counts and
frequencies and analyzed using the chi-square test or Fisher
exact test. Continuous variableswill be summarized using either
mean and SD or median and |QR, depending on the distribution
of the variables.

All analyseswill be performed primarily for the complete group.
In secondary analyses, analyses can be stratified according to
different age groups (neonates, infants, and children).
Adjustment for baseline risk factors, including the diagnostic
group, age group, severity of illness, and severity of nutritional
risk, will only be used for secondary analyses. Multiple
imputation will only be used in secondary analysesto deal with
missing data for confounders. For all end points, differences
will be considered statistically significant when the 2-sided P
value is <.05 or when the 1-sided P value is <.025 in the case
of noninferiority tests, without correcting for multiple testing.

Primary Outcomes

To assessasignificant differencein ketosis between the 2 arms,
a 2-tailed t test will be performed on the patient means of the
highest ketone levels in each fasting period (or similar time
point in the control group). A linear mixed model will be used
to assess the noninferiority of caloric intake (repeatedly
measured over time) in the intervention group, with a
noninferiority margin of 33%.

Secondary Outcomes

The statistical analysis plan for secondary outcomes will be
published separately. In short, the safety of the intervention will
be assessed by comparing the incidence of both severe and
resistant hypoglycemic events and severe gastrointestinal
complications using the Cox proportional hazard analysis.
Feeding intolerance will be analyzed using a mixed effects
logistic model. Moreover, mixed models will be used for the
assessment of other longitudinal data such as analyses of the
course of ketones and other metabolic markers. Kaplan-Meier
plots will be used to document time-to-event effects, and the
time-to-event effect size will be estimated using the Cox
proportional hazard analysis. All time-to-event analyses will
be performed on data censored at 30 days. As death is a
competing risk for the duration of care outcomes, nonsurvivors
will be censored beyond the longest duration of such care
required for survivors.

Sample Size Calculation

To provide acareful estimate of the number of patientsrequired
to answer whether the intervention is feasible, we based the
sample sizeon a(1) afasting response with ketogenesisand (2)
sufficient nutritional intake.

We calculated the sampl e size to detect afasting response with
ketogenesis. In adults who are criticaly ill (n=70), 12 hours of
fasting increased ketones compared with full feeding periods
(ketones +0.47, SD 0.07 mmol/L; P<.001) [40]. In a study of
healthy children, ketones increased from 0.08 mmol/L in the
fed state to 0.34 mmol/L (90% CI 0.02-1.78 mmol/L) after 15
hours of fasting [41]. Using these data, we assumed baseline
ketones of 0.10 mmol/L (fed state) and 0.20 mmol/L in the
fasted state, with an SD of 0.16 mmol/L. To perform additional

https://www.researchprotocol s.org/2022/6/€36229
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per-protocol analysis, we increased the sample size by 30%.
Ultimately, the sample size of 140 should be ableto detect, with
at least 90% power (2-tailed power) and 95% certainty, the
assumed increase in mean ketone levels of 0.10 mmol/L.
Regarding nutritional intake, we considered a reduction in
cumulative (caloric) intake, corrected for PICU length of stay,
of >33% in the intervention group as clinically relevant based
onthe currently availableliterature[2]. The sample size (N=140,
70 per arm) is expected to be able to detect, with at least 80%
power (1-tailed power) and 80% certainty, a reduction of 33%
in cumulative caloric intake.

Results

This study was approved by the Dutch national ethical review
board (CCMO) in February 2020. The study was initiated on
May 11, 2020, and the first patient was enrolled on May 19,
2020. Asof May 12, 2022, 132 patients have been included in
the ContInNuPIC trial. Recruitment of the last patient is
expected in Q3 2022.

Discussion

Hypothesis

Although solid evidence for the superiority of continuous
feeding over intermittent feeding islacking, ailmost al critically
ill children worldwide are fed 24 hours a day. Thisis assumed
to result in an improved nutritional intake with fewer
gastrointestinal and metabolic complications. However, this
approach conceals the fact that a fasting response might be
beneficial for the convalescence of critical illness.

We hypothesizethat in critically ill children, intermittent feeding
with an overnight fasting period will lead to increased
ketogenesis without lowering the daily total nutritional intake.
Moreover, we hypothesize that this overnight fasting strategy
will not affect feeding intolerance, glycemic control, or safety.
This hypothesisis currently being tested in this study in alarge
tertiary referral PICU (Erasmus M C Sophia Children’sHospitd,
Rotterdam, the Netherlands).

The Potential of an Intermittent Feeding Strategy in
Pediatric Critical Illness

An important feature of the intermittent feeding strategy that is
hypothesized to contribute to the beneficial effects is the
transition to ketone body metabolism [42]. This ketone body
metabolism contributes to the conservation of brain function
and stimulation of several cellular pathways involved in stress
resistance, neuroplasticity, and mitochondrial biogenesis[15].
The activation of autophagy, stimulated by the fasting state
[43,44], is hypothesized to exert beneficial effects as well, as
thisisaprocessthat iscrucial for cellular function and integrity
and recycling of macronutrients and metabolites [45-47].
Moreover, if thefasting period isimplemented during the night,
it might help preserve the circadian rhythm, as nutrient intake,
or the fasting response, isthe most important entrainment signal
for the peripheral clock system [48,49]. This preservation of
the circadian rhythm might be crucial in the treatment of
critically ill patients, as the circadian rhythm is believed to be
often disrupted in patients who are criticaly ill, and this is
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associated with impaired outcomes [50-54]. The preservation
of circadian rhythm is hypothesized to improve sleep and
metabolism, and it might even exert beneficial effects on tissue
repair, immune response, and delirium risk [15]. A possible
problem with implementing an overnight fast is the higher
nutritional load during the daytime that is needed to reach the
same caloric goals. However, only feeding during the daytime
and thus delivering nutrition at atime when the body is attuned
to food processing and nutrient uptake, might actually improve
the feeding tolerance and glycemic control of patients who are
critically ill [15].

In addition to the hypothesized beneficial effects because of the
transition to afasting response and preservation of the circadian
rhythm, intermittent fasting might also have other beneficial
effects. Reperfusion injury, muscle weakness, and immune
response are believed to benefit from intermittent fasting as
well [15]. Thus, intermittent fasting might be a favorable
treatment option for critically ill children.

Strengths and Limitations

An important strength of this study isthat the data collectionis
extensive, which will allow usto carefully correct for possible
confoundersin the analysis and further investigate the possible
underlying beneficial mechanisms of intermittent feeding.

Veldscholte et d

Moreover, the studied patient popul ation is very heterogeneous,
which makes the findings generalizable to the general PICU
popul ation.

However, this study has some limitations that should be
addressed. One of the limitations isthe relatively small sample
size, which does not alow for the drawing of conclusions
regarding the effect on clinical outcomes. If this study shows
that an intermittent feeding strategy with overnight fasting is
safe and feasible, alarger RCT will be necessary to investigate
itsimpact on clinical outcomes. Another limitation of this study
is that some of the secondary outcome measures will not be
performed in all patients, as some measurements (such as
circadian rhythm measurements) are not suitable for patients
who are very criticaly ill.

Conclusions

Anintermittent feeding strategy with an overnight fasting period
would potentialy be capable of providing a fasting response
while still providing sufficient nutritional intake, thereby
improving clinical outcomes. To our knowledge, thisisthefirst
study to investigate such an intermittent feeding strategy in
critically ill children. ThisRCT will help PICU physiciansgain
more insight into the possibility of omitting nutritional support
during the night for critically ill children.
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Abstract

Background: Neck painisaprevalent pathological condition, and together with low back pain, it presents as the leading cause
of years lived with disability worldwide in 2015 and continues to contribute substantially to the global burden of disease.

Objective: This study will investigate and compare the effects of stochastic resonance therapy (SRT), whole-body vibration
(WBYV), and balance training (BLT) in the management of chronic nonspecific neck pain.

Methods: Intotal, 45 participants with chronic neck pain will be randomly allocated into SRT, WBV, and BLT groups. Pain
intensity, pressure pain threshold, neck disability, and cervical joint position sense will be measured before, immediately after,
and 15 minutes after the first intervention session and after 4 weeks of intervention. A follow-up postintervention measurement
would be taken after 4 weeks. The SRT group will train on an SRT device (SRT Zeptor Medica plus noise, Zeptoring). The
WBYV group will train on a Galileo vibration device (Novotec Medical), while the BLT group will perform balance exercises.
All participants shall train 3 times aweek for aperiod of 4 weeks. Mixed ANOVA will be used to determine the main and effects
of interactionswithin (before intervention, post intervention 1, post intervention 2, post intervention 3, and follow-up) and between
(SRT, WBYV, and BLT) factors on the study outcome variables.

Results: Recruitment of participants started in May 2021, and as of May 2022, atotal of 20 patients have been enrolled in the
study. All participants are expected to have completed the trial by the end of 2022, and data analysis will commence thereafter.

Conclusions: The outcome of this study will shed closer light on the effects of SRT, WBV, and BLT on pain and function in
patients with chronic neck pain.

Trial Registration: German Clinical Trials Register DRK S00023881,; https://tinyurl.com/ycxuhj37
International Registered Report Identifier (IRRID): DERR1-10.2196/34430

(JMIR Res Protoc 2022;11(6):€34430) doi:10.2196/34430

KEYWORDS

neck pain; stochastic resonance therapy; whole-body vibration; cervical joint position sense; pressure pain threshold; balance
training; chronic neck pain; sensorimotor function; rehabilitation; pain; therapy; chronic pain; rehabilitative technology; chronic
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Introduction

Neck pain is a prevalent pathological condition, and together
with low back pain, it presents as the leading cause of years
lived with disability worldwide in 2015 [1] and continues to
contribute substantially to the global burden of disease. The
point prevalence of neck pain from the systematic analysis of
the Global Burden of Diseases, Injuries, and Risk Factors Study
in 2017 is estimated at 3% to 4% per 100,000 population [2].
Therecurrence and chronicity of neck pain arefurther estimated
to be 14% to 37%, respectively [3]. In most cases of neck pain,
except for cases of diagnosed myelopathy and fracture, the
pathomechanism of neck pain, similar to that of low back pain,
is not fully understood [3-5]. Nevertheless, a variety of
sensorimotor impairments have been observed in patients with
neck pain, such as increased postural instability [6] and
decreased cervical joint position sense (CJPS) acuity [7,8].
These sensorimotor impairments have in common that they (1)
rely largely on proprioceptive information and (2) assess
egocentric body orientation in space [9].

Several interventions were proposed to counteract pain and
sensorimotor dysfunction in patients with chronic neck pain.
Based on a recent systematic review, motor control exercises
primarily targeting the deep cervical flexor muscles, yoga, and
strength training may be regarded as equaly effective in
reducing pain and disability in patients with chronic neck pain
[10]. Apart from these rather common countermeasures, there
arefurther promising interventions for patients with neck pain,
such as balance training (BLT) or vibration. The concept of
BLT as amodulator or countermeasure for neck pain has been
explored for the first time by Beinert and Taube [11]; their
results suggest that BLT can reduce pain intensity and ameliorate
cervical joint repositioning errors [11]. In contrast to
repositioning or strength tasks, the neck muscles are presumed
to be unconsciously activated while the individua tries to
maintain body equilibrium during BLT [11]. Furthermore, BLT
was shown to improve y-aminobutyric acid—mediated
(GABAergic) intracortical inhibition [12,13]. Appropriate
inhibitory control is needed to suppress the perception of pain
[14], and, so far, unpublished results from our laboratory
demonstrateincreased intracortical inhibition co-occurring with
reduced pain perception in a patient experiencing pain after the
administration of BLT.

Another intervention that reduces pain and improves CJPS in
patients with neck pain is locally applied vibration [15,16].
Vibration can be applied locally on specific muscles or tendons
or aswhole-body vibration (WBV) [17]. Both types of vibration
stimulate proprioceptors; for example, muscle spindles[18,19].
Thisisof interest because the deep layers of cervical flexor and
extensor muscles display a large number of muscle spindles
and might contribute with their connections to the vestibular
system [20,21] to the egocentric body orientation in space [20].
The mechanism by which vibration activates muscles is
described as the “tonic vibration reflex” [19,22]. It is believed
that the vibration stimuli excite the muscle spindles, which, in
turn send signalsto the spinal cord wherethe polysynaptic reflex
system is activated, consequently causing muscle contractions
[17,22,23].
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Clinically, applying local musclevibration in patientswith neck
pain reduced neck pain and improved CJPS [15,16]. Thus far,
the application of WBY in patients with chronic neck pain has
not been studied, but research shows that neck muscles are
stimulated during WBV training [24]. Thus, WBV may be a
potential treatment candidate that can reduce pain and improve
sensorimotor functions in patients with neck pain. In other
studies that did not include patients with neck pain, potential
therapeutic benefits of WBV have been reported to include
positive effects in patients with cerebral palsy [25], potential
improvement of CIJPSin peoplewith forward head posture[17],
and reduction of pain in patients with chronic low back pain
[25,26].

Stochastic resonance therapy (SRT) is a form of whole-body
vibration therapy that uses randomized stimuli that are amplified
with the help of noise [27]. The vibration output from SRT is
different from that of aregular WBYV in that it is random and
unpredictable. Thus, the patient is constantly challenged to adapt
to the multidimensional perturbationsfrom the device' s standing
platform [28,29]. Previous studies have suggested potential
therapeutic benefits of the SRT [28,30-32]. For example, Kaut
et al [31] reported increased postural stability in patients with
Parkinson disease after administration of SRT. SRT is also
known to reduce muscul oskeletal pains [32,33]. Furthermore,
a recent systematic review and meta-analysis indicated
improvements in postural control and balance performance in
healthy young adults, older adults, and people with lower
extremity injuries after stochastic stimulation [34].

Until now, the effects of SRT and WBYV in cervical pain are not
known. Thus, this study aims to answer the research question
which treatment among BLT, WBV, and SRT has the greatest
effect in reducing pain intensity, the pressure pain threshold
(PPT), and neck disability and in improving CJPS acuity in
patients with chronic neck pain.

Methods

Trial Design

The trial uses asingle-blind randomized controlled design and
conforms to the Standard Protocol Items: Recommendations
for Interventional Trials guidelines[35].

Study Setting and Participants

The study will be conducted at the Reha Center Michaeliskarree
GmbH (an outpatient rehabilitation center) in Hof, Bavaria,
Germany. Participants will be recruited through advertisement
posters placed at the rehabilitation center and oth